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Introduction

This report provides an overview of the activities that were conducted at Younger Lagoon
Reserve (YLR) during the 2012-2013 fiscal year (July 1, 2012 - June 30, 2013). Younger Lagoon
continued to see increases in use and activity in general. Providing an outdoor classroom and
living laboratory allows for experiential learning opportunities. These opportunities have
profound impacts on students both professionally and personally. This was the fifth year we had
fulltime staff on site managing the Reserve. As a direct result, the level of academic and public
engagement increased and the Reserve is on target for implementing its obligations required

under the Coastal Long Range Development Plan (CLRDP).

Younger Lagoon represents a unique reserve within the UCSC’s Natural Reserve portfolio as it
has open public access to a portion of the Reserve. Along with the challenges of public access
(i.e. impacts to resources, protecting research equipment, protecting endangered and threatened
species, implementing regulations, etc.) having public present on-site provides opportunities for
outreach and education. During the past year, we continued to implement restoration activities on
the Terrace Lands portion of the reserve and, as a direct result, interacted frequently with public
users. These interactions have continued to provide opportunities for reserve staff and students to
discuss the short and long-term objectives and goals of the restoration work, interpret the flora
and fauna of YLR, and discuss ongoing planning and development efforts of the Marine Science

Campus.

CLRDP Activities

Overview

This year represented the fifth year of CLRDP related activities at Younger Lagoon Reserve.
The California Coastal Commission certified the CLRDP for the “Terrace Point” property in
2008. In July of 2008, approximately 47 acres of natural areas of the “Terrace Point” property
were incorporated into the University of California Natural Reserve System as part of UCSC’s

Younger Lagoon Reserve. The inclusion of the 47 acres into YLR, along with continued



management of the lagoon portion of YLR, was a requirement of the California Coastal

Commission for the UCSC Marine Science Campus development.

The CLRDP requires that the entire Reserve be protected and that the newly incorporated
Natural Reserves lands are restored over a 20-year period. Fulfilling the University’s mission to
support research and teaching, we continue to incorporate research and teaching into all aspects
of restoration, monitoring, research and protection throughout YLR. The increased lands and
access to restoration and monitoring projects are providing expanded opportunities for
undergraduate experiential learning opportunities via class exercises, research opportunities, and

internships.

NOID 2 (10-1) Beach Access Management Plan

This year represented the third full year of Beach Access Management Plan related activities at
Younger Lagoon Reserve. Implementation Measure 3.6.3 of the CLRDP required that (through
controlled visits) the public have access to Younger Lagoon Reserve beach and that a monitoring
program be created and implemented to document the condition of native flora and fauna within
Younger Lagoon and it’s adjacent beach. The monitoring plan was to be implemented over a 5-
year time period. At the end of the 5-year period (Winter 2015) results are to be compiled and
included in a report that summarizes and assesses the effect of controlled beach access on flora
and fauna. The report will be submitted to the California Coastal Commission. In March 2010,
the California Coastal Commission (CCC) approved the University of California’s Notice of
Impending Development for Implementation Measure 3.6.3 of the CLRDP (NOID 2 (10-1)).
Seymour Marine Discovery Center docent-led tours of the beach were offered twice a month
throughout FY 2012-2013 and biological monitoring of the lagoon and adjacent beach was
conducted quarterly in FY 2012-2013. A detailed report on activities under the Beach Access

Management Plan is included as Appendix 1.



NOID 3 (10-2) Specific Resource Plan for the Enhancement and Protection of Terrace Lands at
Younger Lagoon Reserve

The Resource Management Plan (RMP) within the CLRDP provides a broad outline with general
recommendations and specific guidelines for resource protection, enhancement, and management
of all areas outside of the mixed-use research and education zones on the MSC site (areas that
will remain undeveloped). In addition to resource protection, the CLRDP requires extensive
restoration, enhanced public access/education opportunities on site, and extensive monitoring
and reporting requirements. The entire project is to be completed over 20 years and, as a
condition of inception into the University of California Natural Reserve System, UCSC Campus
has committed to providing perpetual funding for the project and continued management of

YLR.

The SRP for Phase 1A and 1B of restoration (first 7 years) was approved by the CCC in
September 2010. Phase 1A projects include Priority 1 weed removal, re-vegetation, baseline
monitoring and selection of reference systems. Phase 1B projects include work in wetland areas,
which will require further permitting from outside agencies (e.g. ACoE, USFWS, CDFG).
Restoration of the Terrace lands continued throughout FY 2012-2013. Activities included weed

control, planting and seed collection.

The SRP for Phase 1A and 1B of restoration (first 7 years) outlined detailed success criteria for
each of the reserve’s habitat types (Ruderal, Coyote Brush Grassland-Scrub, and Grassland,
Coastal Bluffs, Wetlands, and Wetland Buffers). These criteria set an initial threshold of species
richness and cover for specific habitat types throughout the restoration area. These criteria were
further refined at the recommendation of the SAC based on results from reference site
monitoring of local coastal terrace prairie grassland, seasonal wetland, and coastal scrub sites
(See 2009-2010, 2010-2011 and 2011-2012 Annual Reports). FY 2012-2013 marked the second
year of compliance monitoring for restored Coastal Bluffs and Grassland areas. A detailed

compliance monitoring report is included in Appendix 2.



NOID 5 (12-2) Public Coastal Access Overlook and Overlook Improvements Project

In August 2012, the California Coastal Commission (CCC) approved the University of
California’s Notice of Impending Development NOID 5 (12-2) Public Coastal Access Overlook
and Overlook Improvements Project. Construction on the Public Coastal Access Overlook and
Overlook Improvements Project (“Overlooks Project”) began in the winter of 2012/2013 and was
completed in the spring of 2013. The project consisted of three new public coastal access
overlooks, and improvements to two existing overlooks at UCSC’s Marine Science Campus.
Several of the overlooks, which are sited at the margins of development zones, therefore are
within what is now the Younger Lagoon Reserve: Overlooks C and A are within development
zones at the margin of the YLR, while the sites of overlooks D, E and F are within areas
incorporated into the YLR as a condition of approval of the CLRDP. The project constructed
publicly-accessible overlooks from which to view the ocean coast (Overlook F), Younger
Lagoon (Overlook D), a seasonal wetland (W5) (Overlook A), and campus marine mammal
pools (Overlook C) for which public access is otherwise limited due to safety hazards or for the
protection of marine wildlife and habitats. The facilities will ultimately include interpretive
signs and public amenities such as bicycle parking and benches to enhance public access to, and
enjoyment of, these restricted and/or sensitive areas. The entire Notice of Impending
Development (NOID) 5 (12-2) is appended to this report in Appendix 5. Details on Overlook F,

the lagoon shelter overlook, are provided below.

Prior to the Overlooks Project, YLR’s facilities consisted of a wooden bench (Figure 1). This
rudimentary overlook provided views of the middle section of Younger Lagoon, adjacent back-
dune and upland habitats, agricultural lands, and marine terraces. Improvements to the overlook
included construction of an ADA-accessible path from the Center for Ocean Health parking lot
via a fenced alcove that will provide a gathering area. In order to create a trail with accessible
grade, the length of the trail had to be increased with a switchback down the slope to the
overlook. The trail was surfaced with Fibar a pervious, but ADA accessible wooden material.
The overlook pad itself was cut slightly into the slope to minimize its visibility. To facilitate
observation of the lagoon wildlife from the overlook, the project included the construction of a

partially-enclosed observation shelter at the overlook pad (Figure 3). The idea for an observation



shelter dates back to the earliest days of YLR, and was described by UCNRS founder Ken Norris
in 1985 (Figure 2). The shelter is a wood frame construction with shed roof in non-reflective,
earth-tone colors, and was set back against the slope, to minimize its visibility. The shelter is
approximately 20 ft long by 16 ft wide by 9 ft tall. The shelter includes two redwood benches
made from timbers harvested from UCSC’s main campus (Figures 4 and 5). The benches are
available for naming / dedication. More information on YLR’s named bench program can be
found through UCSC’s PBSCI Office of Development. The area immediately north of the
shelter provides views of the marine terraces. Interpretive signage is currently being designed
and will be installed inside the shelter or on the overlook pad. The path and shelter were screened
by native vegetation plantings propagated from locally collected seeds and cuttings. The area
disturbed during construction was also planted with native vegetation at the completion of
construction, with plants propagated from locally collected seeds and cuttings. Neither the trail
nor the overlook include any night lighting, and both are available for day-time use only, through
approved application or guided tour, consistent with the habitat protection requirements of the

CLRDP.

Figure 1. Younger Lagoon Facilities, 2012



Figure 2. Ken Norris' Vision: Observational Shelter, 1985 Sketch.

Figure 3. Lagoon Overlook Shelter, 2013.



Figure 5. Interns and staff enjoy the Lagoon Overlook Shelter and redwood benches.
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The Overlooks Project was the first major construction project under the CLRDP, and while
overall it was a success, reserve staff have several recommendations for future construction
projects based on their experience with the Overlooks Project construction. These include:
Require that future contractors working within the reserve be prequalified as having experience
working within sensitive natural areas, around wetlands, and with threatened and endangered
species.

*  Work with UCSC’s office of Physical Planning and Construction to ensure that reserve

staff are included in all aspects of project planning and are provided adequate time to

review plans.

Scientific Advisory Committee (SAC) Meetings / Recommendations

A critical component of the CLRDP was the creation of a Specific Restoration Plan (SRP)
guided by a Scientific Advisory Committee (SAC). The SAC is comprised of four members: Dr.
Karen Holl (SAC chair) Professor and Chair of the Department of Environmental Studies at
UCSC; Tim Hyland, Environmental Scientist, State Parks, Santa Cruz District; Bryan Largay,
Conservation Director, Land Trust of Santa Cruz County; and Dr. Lisa Stratton, Director of
Ecosystem Management, Cheadle Center for Biodiversity and Ecological Restoration, University
of California, Santa Barbara (UCSB). SAC members met with reserve staff at YLR during the
winter of 2013. The meeting included updates on future projects under the CLRDP, and

restoration and teaching activities at YLR.

Research Recommendations:

Investigating Cost Effective Methods for Coastal Prairie Restoration

Cost effective methods to restore coastal prairie are needed, and due to its mission as part of the
UC NRS and its restoration obligations under the CLRDP, YLR is uniquely positioned to
contribute to research on best management practices for coastal prairie restoration. At the SAC’s
recommendation, in FY 2011-2012 Professor Karen Holl, doctoral student Lewis Reed and
undergraduate students Tianjiano (T.J.) Adams and Mickie Tang initiated a case study of
planting techniques for ecological restoration in coastal prairie systems. This research continued

in FY 2012-2013 with the addition of doctoral student Jessi Hammond. This research aimed to
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test both planting design (planting the entire area or planting islands of seedlings that cover
~1/3" of the area) and planting method (drill seeding vs. planting plugs) to restore California
coastal prairie at Younger Lagoon Natural Reserve. In addition, Tang tested pre-planting
mulching and post-planting mowing to control exotic weeds. In fall 2011, she set up 25, 10 x 10
m plots, five replicates of five treatments: (1) island planting no-mulch, (2) island planting
mulch, (3) full planting no-mulch, (4) full planting mulch, and (5) drill-seeding no mulch. She
planted three native perennial grass species (Stipa pulchra, Hordeum brachyantherum, and
Bromus carinatus); five forb species (Achillea millefolium, Clarkia davyi, Grindelia stricta,
Trifolium willdenovii, and Symphyotrichum chilense); and one species of rush (Juncus patens).
Seeding was done in November 2011 and planting was condcuted in January 2012. Half of each
plot was mowed in June 2012. She monitored survival and cover of individual planted seedlings,
cover of several plant guilds, and recruitment of native forbs. Most of the results from the
second growing season (2013) are presented in Tang (2013). The main results and

recommendations are listed below.

* Mulched plots had lower exotic grass cover, and higher survival and/or cover of five of
the native species. Moreover, >90% of forb recruits were found in mulched plots. Mulch
clearly has a strong positive effect on native cover in restored coastal prairie in the first

two years after planting.

* Cover of the various plant guilds was similar in the two planting treatments which is
surprising, given that one would expect higher native cover in fully-planted plots than in
island plots. These findings suggest that applied nucleation is a suitable alternative to
fully planting an area. But native plant mortality was high across all treatments probably
due to two dry years in a row, so when planted in wet years or irrigated systems, fully-
planted areas could initially yield higher native cover than islands. Moreover, this study
is also only in its second year and monitoring in subsequent years is necessary to

rigorously compare these methods.
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* Mowing reduced the percent cover of exotic grasses, but it also reduced the survival of
three native bunchgrass species. It may be necessary to allow bunchgrasses a year or two

to establish before implementing mowing as a management strategy.

* Seeding was not successful, as native establishment was very low and exotic grass cover

highest in seeded plots.

* Most of the species tested show good promise for restoration, except Trifolium

willdenovii and Symphyotrichum chilense both of which had very low survival.

Restoring Degraded Coastal Scrub Habitats

As in many degraded coastal scrub habitats, at Younger Lagoon Reserve, the dominant native
shrub is Baccharis pilularis (coyote brush) with few other natives present. A goal of restoring
coastal scrub at YLR is to increase species diversity. Atthe SAC’s recommendation, Professor
Karen Holl, and undergraduate student Spencer Gordon undertook an investigation of
enrichment planting strategies for coastal scrub restoration in FY 2011-2012. This research
continued in FY 2012-2013 with undergraduate student Manny Casanova. This experiment was
aimed at determining which microhabitats within the B. pilularis canopy most facilitate the
establishment of a range of other coastal scrub species. We used past surveys of coastal scrub
reference sites to select specific microhabitats to test for certain species. Three shrub species
(Eriophyllum staechadifolium, Artemisia californica, and Mimulus aurantiacus) and three grass
species (Stipa pulchra, Bromus carinatus, and Elymus glaucus) were planted at the edge of the B.
pilularis canopy and 3 m from the edge of the canopy in areas dominated by exotic forbs and
grasses. Three native herb species (Clinopoidum douglasii, Achillea millefolium and
Chlorogalum pomeridianum) were planted at the edge and in gaps in the interior of the B.
pilularis canopy. Seedlings were planted in early February 2012 and their survival and growth
monitored in April and September 2012 and April 2013. A complete copy of Casonova’s report
is included in Appendix 3.

Major results include the following:

13



* Shrubs — Artemisia californica and Mimulus aurantiacus both showed high survival and
growth in both edge and open grassland habitat suggesting their suitability for restoration
efforts. Eriophyllum staechadifolium had higher survival in the edge habitat but similar

growth in the two habitats.

* Grasses — Survival of all three grass species declined substantially between 2012 and
2013. Survival and growth was similar in the edge and open grassland habitats for all

species.

* Herbs - Achillea millefolium showed high survival and similar growth in edge and
interior B. pilularis habitat. Both Chlorogalum pomeridianum and Clinopodium
douglasii showed significantly higher survival and growth in gaps in the interior of B.

pilularis. Clinopodium douglasii had lower survival overall.

* Overall recommendations — In general, herbaceous species showed higher survival and

growth when interplanted with B. pilularis to enrich the scrub habitat whereas shrubs
generally showed high survival when planted at the edge of B. pilularis patches or in
open areas. Certain species showed habitat preferences (listed above) that should be

considered in planting designs.

Monitoring efforts in 2014

During the 2013-2014 field season, Hammond and Holl will conduct restoration compliance

monitoring at restoration sites planted in years 1 and 3 as per CLRDP requirements.

Ongoing Management Issues

At their winter 2013 meeting, the SAC discussed four ongoing management issues at YLR: 1)
Domesticated Animals, specifically dogs, 2) Trespass, 3) Weed Control, and 4) Lagoon
Boundary Fencing.
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In 1999, when the University purchased the land for the expanded MSC, a special exception was
made in the campus code to allow leashed dogs on the bluff top trail that rings the YLR Terrace
Lands. Since that time, the site has become popular with dog owners, many of whom do not
obey the leash law. The CLRDP requires that all domesticated animals be eliminated from the
campus. At the 2012 SAC meeting, YLR staff described their continued efforts to enforce the
existing leash law on the campus and ongoing plans to eliminate all domesticated animals from
the MSC per the CLRDP. Off leash dogs regularly chase wildlife in the reserve and disturb
ongoing research and restoration projects. The SAC recommended continued education and
outreach efforts with the public, LML staff and UCSC police. In FY 2011-2012, this task was
made more difficult when the campus animal control officer position was eliminated. However,
recent meetings with UCSC police have been promising, as newly hired officers appear
interested in educating the public about and enforcing the existing leash. In FY 2012-2013,
construction began on the network of public trails and overlooks planned for the MSC. These
will include signage that outlines the campus pet policy, which YLR staff anticipate will help

educate the public and reduce the number of dogs on the reserve.

YLR also staff described the problems with trespass (mostly surfers) in the reserve. The SAC
recommended continued education and outreach efforts with both the public and the UCSC

police.

Weed control in restored sites is an ongoing issue at YLR. The YLR Terrace Lands were tilled
for nearly 80 years for Brussels sprouts production, and then left fallow for nearly 20 prior to the
start of restoration efforts, leaving the reserve with the worst of both worlds. The reserve has
few if any of the benefits of tilling (bare soil, few weeds, etc.), as weeds have returned to the site
since tilling ceased, and few if any benefits of the not tilling, as native grasses and forbs were
virtually eliminated from the site during the time the Terrace Lands were in production and other
than a few species (Coyote brush, etc.), have not returned to the site. Thus, the starting point for
restoration at YLR is quite low, and weed control in restored sites is an ongoing issue. At their
winter 2013 meeting, the SAC discussed potential research projects investigating weed
management, including burning, grazing, mowing, herbicide, and “weed management plots”

where no planting is done, but multiple weed treatments would be followed over time.
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Under the CLRDP RMP MM 30, the University is required to remove and replace the existing
chain link fencing that separates the lagoon from the campus and install new solid fencing and/or
an additional berm along or just outside of the original YLR boundary. Under section 6.8.3 of
the CLRDP (Specific Fencing/Barrier Design Guidelines), this replacement solid fencing can be
up to six feet in height and is to be installed on the Younger Lagoon side of the berm, or at the
break in vegetation with landscaping used to soften its appearance. The SAC have discussed this
issue since their first meeting, discussed it again at their winter 2013 meeting, and has suggested
that installing a solid wood fence on the Younger Lagoon side of the berm will effectively reduce
the size of the reserve, increase visual disturbance to the lagoon, shade out native plantings, and
is an inappropriate approach for this location, provided that visually-permeable, secure fencing,

such as that proposed by the University is allowed on the McAllister Way side of the berm.

The University has proposed that the screening provided by the berm be augmented with
visually-permeable fencing on the McAllister Way side of the berm. This visually-permeable
fencing would be made of open mesh-welded wire panels on rough wooden posts sited and
designed to minimize visual impacts, including avoiding straight-line forms, incorporating
vegetation to help it blend into the surroundings, and could be modified to allow for wildlife
passage. The SAC support this proposal and believe it strikes a balance between keeping the
lagoon area secure for resource protection, research and teaching, while providing the public

with relatively unobstructed views of coastal resources.

In August 2013, Commission staff found that the wire fencing on the McAllister Way side of the
berm as proposed by the University is not allowable under the CLRDP, primarily for perceived
negative visual impacts, and have proposed that roughhewn split-rail fencing no taller than 3 feet
in height, or wood post and rope (or cable) barriers no taller than 2 feet in height be used instead.
The SAC believe the use of such low fencing will invite trespass and have a negative impact on
sensitive resources, decreasing the value of the site for teaching and long-term research, as
researchers require assurance that their equipment is relatively secure before committing to work
at a reserve. While they recognize the importance of maintaining a rural and open space

aesthetic to the campus, it is their hope that the Commission will recognize the importance of he
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lagoon area for resource protection, teaching and research and controlled public access, and to
allow for taller, visually permeable fencing on the McAllister Way side of the berm. In August
2013, the SAC sent a letter to the CCC stating their support for the University’s proposal and

urging the Commissioners to vote in favor of the University’s proposal.

At the August 2013 CCC meeting, representatives from the University, including NRS Director
Gage Dayton and YLR Manager Elizabeth Howard made presentations to the Commissioners
regarding the berm fence. The Commissioners ultimately voted in favor of the University’s

proposal.

Photo Documentation

Photo point locations were established at ten locations within YLR. These locations were chosen
to ensure coverage of all major areas on the Terrace. Photos were taken on June 7, 2013. At each
photo point we collected the following information:

Photo point number

Date

Name of photographer

Bearing

Camera and lens size

Coordinates

AU o

Other comments

Photos are included in Appendix 4.

Restoration Activities

Restoration activities continued on the Terrace area of YLR and throughout the lagoon portion of
the Reserve. Implementation was conducted largely by undergraduate students and community
volunteers; thus, utilizing the reserve in a manner consistent with the programmatic objectives
(facilitating research, education, and public service) of the University of California, Natural
Reserves. Here we summarize some of the restoration activities that occurred on YLR during the

past year.
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Figure 6. Undergraduate interns display native plants for habitat restoration.

Priority One Weed Removal

Under the SRP, all priority-one weeds (Ice plant, Jubata grass, Monterey cypress, Cape Ivy,
Panic veldgrass, Harding grass, French Broom and Monterey Pine) are to be controlled as they
are detected throughout the Terrace Lands. Elimination of reproductive individuals is the goal;
however, YLR is surrounded by priority-one weed seed sources and it is likely that there will
always be a low level of priority-one weeds persisting on the terrace. In FY 2012-2013, reserve
staff conducted weed patrols of the entire terrace, continued removing ice plant from the coastal
bluffs removed all Jubata grass re-sprouts from the terrace, removed all French Broom resprouts
from the terrace, and removed all Cape Ivy resprouts from the west arm of the lagoon. In FY
2013-2014, reserve staff will continue weed control projects and patrols. Due to the long-lived

seed bank of French Broom, proximity of mature Jubata grass and Panic veldgrass on adjacent
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properties, and known ability of Cape Ivy fragments to re-sprout, regular patrols and
maintenance of these sites will be critical. Removal of new recruit Monterey Pine and Cypress

will continue as will targeted removal of current individuals.

Seed Collection and Plant Propagation

In the summer and fall of 2012, reserve staff consulted with local experts to determine
appropriate seed collection sites and collected seeds for restoration growing. These seeds were
collected by YLR staff and student interns and propagated by the UCSC Teaching Greenhouse in
the fall and winter of 2012/2013 (Figures 6 and 7).

Figure 7. Undergraduate intern collects native seeds for habitat restoration.
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Restoration Planting
In FY 2012-2013, areas along the beach cliff formerly covered with ice plant continued to be

planted with native seedlings. Upland areas adjacent to the beach cliffs were planted with native

seedlings.

Education

Instructional use at Younger Lagoon Reserve continued to increase this year. Courses
encompassed a wide variety of disciplines. The increase in course use is a direct result of having
fulltime staff on site that are able to actively engage faculty and students through outreach efforts
in the classroom as well as providing on-the-ground assistance in teaching activities. The
proximity of Younger Lagoon to the campus enables faculty and students to easily use the
Reserve for a wide variety of instructional endeavors ranging from Restoration Ecology to

Sustainable Living.

Undergraduate Students — Providing hands-on learning opportunities for future leaders

YLR’s proximity to the UCSC Campus and Long Marine Laboratory make it an ideal setting for
undergraduate teaching and research. In FY 2012-2013 the reserve hosted classes in Ecology of
UCSC, Freshwater Ecology, Invertebrate Zoology, Restoration Ecology, Environmental Field
Methods, Ecological Field Methods, Ecology, Senior Seminar in Restoration Ecology, Natural
History of the UCSC Natural Reserves, Restoration Ecology, Freshwater / Wetland Ecology,
Animal Tracking and Sustainable Living - Ecopsychology, (Table 1).

In Spring 2012-2013 YLR hosted students from Professor of Environmental Studies, Karen
Holl’s Senior Seminar (Figure 8) in Coastal Habitat Restoration (ENVS 196). This seminar
fulfilled the senior exit requirement for ten graduating seniors in UCSC’s Department of
Environmental Studies. The students met weekly at the reserve during the 10-week quarter.
Students worked on ongoing research and monitoring projects related to coastal prairie and scrub
habitat restoration. They wrote papers that either analyzed data from field research or critically
reviewed background literature on restoration techniques (e.g. seed collection, exotic plant

control, monitoring). The review papers will be used as background materials for students doing

20



2-unit internships at YLR, as part of the forthcoming YLR Restoration Internship Handbook

Curriculum. Each student presented their work at the end of course symposium.

Figure 8. Members of Professor Karen Holl's Senior Seminar in Restoration Ecology.

Internships and Senior Theses

In FY2012-2013, YLR staff sponsored over 50 undergraduate interns through the UCSC
Environmental Studies Internship Office (Figure 9). The students ranged from entering freshman
to graduating seniors and spent between 6 and 15 hours a week working on on-going restoration
projects at the reserve. These projects included invasive species removal, re-vegetation with
native species, seed collection, and propagation. Student-interns report a deep appreciation for

the opportunity to obtain hands-on experience in their field of study.
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Figure 9. Undergraduate student interns at work on the reserve.

Table 1. Younger Lagoon Courses

Course Title Institution (Department)

College Eight
Sustainable Living,

Restoring our Place
(CLEI 61)

College Eight
Sustainable Living,
Ecology of UCSC
(CLEI 61)

Ecology and
Conservation in
Practice (BIOE 151
& ENVS 109)

Environmental

Studies Internship |UC Santa Cruz (Dept. of Environmental
(ENVS 83, 183, 84 |Studies)

& 184)

UC Santa Cruz (College Eight)

UC Santa Cruz (College Eight)

UC Santa Cruz (Dept. of Ecology and
Evolutionary Biology and Environmental
Studies)

Instructor's Name

Naomi Stern

Abigail Putnam

Don A Croll, Gage Dayton,
Erika Zavaleta

Karen Holl & Tim Brown
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Course Title Institution (Department) Instructor's Name

Environmental

Studies UC Santa Cruz (Dept. of Environmental

Independent Study Studies) Karen Holl
(ENVS 161)

Freshwater / UC Santa Cruz (Dept. of Environmental

Wetland Ecology Studies) Pt Katie Monsen
(ENVS 167)

Introduction to

Environmental UC Santa Cruz (Dept. of Environmental

Field Methods Studies) Erika Zavaleta

(ENVS 104A/L)

Senior Seminar in
Restoration UC Santa Cruz (Dept. of Environmental

Ecology (ENVS Studies) Karen Holl
196)
Restoration UC Santa Cruz (Dept. of Environmental Karen Holl & Daniella
Ecology (ENVS . .
Studies) Sweizer
160)
Natural History of
the UCSC Natural UC Santa Cruz (Dept. of Ecology and .
Reserves (BIOE  Evolutionary Biology) Lewis Reed
85)
Ecology (BIOE UC Santa Cruz (Dept. of Ecology and
107) Evolutionary Biology) James Estes
Invertebrate
Zoology (BIOL uc Sapta Cruz ‘(Dep L of Ecology and Baldo Marinovic
136) Evolutionary Biology)
Freshwater Ecology UC Santa Cruz (Dept. of Ecology and Joe Merz
(BIOE 155) Evolutionary Biology)
Ecological Field UC Santa Cruz (Dept. of Ecology and
Methods (BIOE . (=ept: &Y Don Croll & Gage Dayton
150) Evolutionary Biology)
ﬁg:snal Tracking 115 Ganta Cruz (OPERS) Chris M. Lay
Research

Due in part to its relatively small size and lack of facilities, YLR is unlikely to host many single-

site research projects in biology or ecology. However, as one of the few remaining coastal
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lagoons in California, YLR is well suited to act as one of many research sites in a multi-sited
project. Additionally, the close proximity to campus makes it an ideal place for faculty to
conduct pilot and our small-scale studies as well as for undergraduate research opportunities. In

FY 2012-2013 we approved 11 research applications.

Development of a Wireless Acoustic Sensor Network

Acoustic sensors are a novel and potentially cost-effective way to increase the scope and
statistical power of monitoring wildlife over large spatial and temporal scales. Examples of
projects that might benefit from acoustic sensors include before and after studies measuring the
effectiveness of management actions, long-term trends, rare species monitoring, and detection of
non-native species. UCSC Researcher Matt McKown and his team are developing new low-cost

wireless sensors based on Android cellphones.

McKown’s team successfully tested their prototype sensors on the YLR Terrace Lands in August
of 2010. The prototype sensors transmitted acoustic data (recordings of the ambient

environment) through the cellular network.

In 2012, they tested their ability to set up a wireless network in the field to connect acoustic
sensors to the internet, and allow real-time transmission of recordings of the ambient acoustic
environment (Figures 10-11). McKown and his team deployed a test network in the lagoon
portion of the reserve in preparation for a final field deployment on SE Farallon Island in late

July.

According to McKown, “Younger Lagoon was a critical testbed for us as we developed our
wireless sensors. It had species we were interested in detecting and all of the conditions we
needed to test how rugged and weatherproof our equipment was. And it was right outside of our

lab!”

24



Figure 10. Researcher Matt McKown's wireless acoustic sensor deployed at YLR.
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Figure 11. Readout from researcher Matt McKown's wireless acoustic network sensor.

Ecological responses of specialist and generalist fishes to cycles of estuary breaching and
closure

Younger Lagoon is an example of a bar-built estuary, an ecosystem type that occurs only in
coastal wave-exposed regions where rainfall is highly seasonal. Bar-built estuaries undergo
seasonal cycles of repeated openings and closures, which have important implications for
temperature, depth, salinity, dissolved oxygen, and water clarity. These variables, in turn, impact

the organisms inhabiting the estuary, including fishes. Because of the unique conditions of bar-
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built estuaries, some species have evolved to specialize on this habitat type. The tidewater goby
(Eucyclogobius newberryi) is an estuarine-specialist and California endemic that has evolved
unique adaptations to thrive in bar-built estuaries. Alongside estuarine-specialists exist generalist
species, such as the native threespine stickleback (Gasterosteus aculeatus) and non-native
western mosquitofish (Gambusia affinis), which inhabit a variety of freshwater and coastal
habitats. UCSC Assistant Professor of Ecology and Evolutionary Biology, Erik Palkovacs is
beginning a project that will attempt to relate ecological changes in specialist and generalist fish
populations to seasonal cycles of estuarine breaching and closure in Younger Lagoon.
Specifically, Palkovacs will monitor the state of the estuary (open / closed), temperature, depth,
salinity, dissolved oxygen, and water clarity and relate these variables to changes in population
density and morphological traits of fish. Palkovacs predicts that, because tidewater goby has
evolved as an estuarine specialist, its population density and morphology will be buffered against
environmental changes brought about by breaching disturbances. In contrast, he expects
threespine stickleback and western mosquitofish to display greater variation in population
density and morphological traits as a result of breaching cycles. A recent hydrological model
predicts that by 2100 climate change may reduce the amount of time central California bar-built
estuaries remain open by as much as 44%. The result would be an ecosystem showing more
environmental stability, which may favor generalists over the disturbance-specialized tidewater
goby. Follow-up studies will use experimental mesocosms to examine the potential for
competition between specialist and generalist fishes and ask whether seasonal cycles of estuary

breaching facilitate species coexistence.

Undergraduate Research Highlights

Undergraduate Mickie Tang completed a senior internship projects with the UCSC Natural
Reserves in June 2013 (Figure 12). Her project, entitled ‘Effects of mulch, planting design, and
mowing on native plant restoration in a California coastal prairie’ was a case study of planting
and weed control techniques for ecological restoration in coastal prairie systems. Tang worked
closely with UCSC NRS Director Gage Dayton, Reserve Manager, Elizabeth Howard,
Restoration Steward Tim Brown, and Faculty Advisor Karen Holl to ensure that her results and

recommendations would influence future restoration and management activities.
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Figure 12. Undergraduate student intern Mickie Tang.

Many units at UCSC, including the UCSC Natural Reserves, Grounds Site Stewardship Program,
Arboretum, and Greenhouse are engaged in native habitat restoration activities and sponsor 2-
unit interns to assist with their programs. By design, much of the work that 2-unit interns do is
repetitive, seasonal labor (seed cleaning, planting, weeding, etc). In FY 2012-2013, YLR interns
under the direction of Karen Holl began work on a restoration intern curriculum, including an
internship handbook to be used as background materials for students doing 2-unit internships
with these units. In FY 2012-2013, senior intern Naomi Stern conducted interviews with
multiple units on campus to compile a list of topics to cover in the handbook, created an outline
for the handbook, and completed two chapters for the handbook, one on the history of YLR, and
the other on habitat types at the reserve. During Professor Holl’s senior seminar, undergraduates

Lynne Zang and Becca Evans completed chapters on plant propagation and plant identification.

27



The outline for the UCSC Restoration Curriculum / YLR Internship Handbook, and the chapters
by Stern, Evans and Zang are included in Appendix 3.

Reserve Use

The greatest educational user group for YLR in FY 2012-2013 was once again undergraduate
education, breakdown of all user groups are included in Table 2. YLR was used by UC Santa
Cruz, UC Davis, UC Santa Barbara, Yerba Buena High School, Delta High School, St Andrew’s
Episcopal School, US Geological Survey, California Department of Fish and Game, NOAA,
Save Our Shores, Seymour Marine Discovery Center, Santa Cruz Bird Club, PRBO
Conservation Science, California Native Plants Society, Audubon California, American

Conservation Experience, and several local and regional volunteer groups (Table 3).
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Table 2. Younger Lagoon Total Use

UNIVERSITY- LEVEL RESEARCH
SUBTOTAL

Research Faculty
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Graduate Student Researcher
Undergraduate Student Researcher
College Class Undergraduate Student
Professional

Volunteer
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Research Faculty
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Graduate Student Researcher
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College Class Graduate Student
College Class Undergraduate Student
Professional
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SUBTOTAL

PUBLIC

SUBTOTAL

Research Scientist
College Class Instructor
College Class Undergraduate Student
K-12 Instructor

K-12 Student
Professional

Other

Docent
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SUBTOTAL

TOTAL

*Other includes members of the public who took the SMDC’sdaily tour. Although all tours include information on YLR, we estimate that 10% of these visitors can be reasonably counted as users
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3 88
2 2
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3 3
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76 76
0 0
0 0
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0 0
0 0
0 0
81 81
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0 0
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0 0
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Table 3. Younger Lagoon Group Affiliations

University of California Campus
University of California, Davis
University of California, Santa Barbara
University of California, Santa Cruz

Government (Federal and State)
California Department of Fish and Game
National Oceanic and Atmospheric
Administration

United States Geological Service

K-12 system

Delta High School

St Andrew’s Episcopal School
Yerba Buena High School

Non-governmental organizations
Audubon California

California Native Plant Society
PRBO Conservation Science

Save Our Shores

Santa Cruz Bird Club

Seymour Marine Discovery Center

Volunteer Groups
American Conservation Experience
UCSC Wilderness Orientation

Summary

FY 2012-2013 was a successful year for YLR. The reserve continued to move forward wi
restoration, initiated new projects, strengthened collaborations, and developed new relatio
The increase in student and course use is a direct result of having superb staff on sight tha:

actively engaged with students, faculty, and the public. In turn, we are able to achieve our

mission of supporting education, research, and public education as well as meet the

environmental stewardship obligations the University of California has committed to with

California Coastal Commission and the State of California in general. We look forward to

continuing this exciting and important work in FY 2013-2014.
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UCSC Natural Reserves Advisory Committee

Charge

The committee provides oversight of on- and off-campus natural reserves of instructional and
research interest. It is responsible for developing program vision and policy for the management
and use of the UCSC Campus Reserve and of the four UC Natural Reserves System holdings:
Afo Nuevo Island Reserve, Landels-Hill Big Creek Reserve, Younger Lagoon Reserve and Fort
Ord Reserve. The committee coordinates with the systemwide NRS Advisory Committee that
advises on policy for all NRS reserves.

In addition to the chair (Faculty Director), membership of the committee is comprised of faculty
advisors to each reserve, one faculty representative at large, one non-senate academic
appointment, one staff representative, one graduate student and two undergraduate students. The
Faculty Director, in consultation with the Dean and the Administrative Director of the UCSC
Natural Reserves, appoints the committee. Membership terms begin September 1 unless
otherwise specified.

DURATION OF APPOINTMENTS

Faculty Director: 5 years

Faculty Advisors: 3 years
Non-Senate Academic, Staff, and Students: 1 year

Members may be reappointed at the discretion of the Faculty Director in consultation with the
Administrative Director.

Hours/Quarter: Chair/NRS Representative-20, Members-10
Reports to: Division of Physical & Biological Sciences Dean

MEMBERSHIPS

Faculty Director of the Don Croll

Natural Reserve System Associate Professor, Ecology & Evolutionary Biology
Long Marine Lab, Center for Ocean Health
(831) 459-3610 — croll@biology.ucsc.edu

Younger Lagoon Reserve Karen Holl

Faculty Advisor Professor, Environmental Studies
Environmental Studies Department
(831) 459-3668 — kholl@ucsc.edu

Afio Nuevo Reserve Daniel Costa

Faculty Advisor Professor, Ecology & Evolutionary Biology

Long Marine Lab, Center for Ocean Health
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UCSC Campus Reserve
Faculty Advisor

Fort Ord Reserve
Faculty Advisor

Landels-Hill Big Creek Reserve

Faculty Advisor

Faculty Advisor at Large

1 Non-Senate Academic

1 Staff

2 Graduate Student

2 Undergraduate Students

4 Ex-Officio

(831) 459-2786 — costa@biology.ucsc.edu

Greg Gilbert

Professor, Environmental Studies
Environmental Studies Department
(831) 459-5002 — ggilbert@ucsc.edu

Laurel Fox

Professor, Ecology & Evolutionary Biology
EE Biology/Earth & Marine Sciences

(831) 459-2533 — fox@biology.ucsc.edu

Peter Raimondi

Professor, Ecology & Evolutionary Biology
Long Marine Lab, Center for Ocean Health
(831) 459-5674 — raimondi@biology.ucsc.edu

Erika Zavaleta

Assistant Professor, Environmental Studies
Environmental Studies Department

(831) 459-5011 — zavaleta@ucsc.edu

Chris Lay

Lecturer and Museum Curator, Environmental Studies
Environmental Studies Department

(831) 459-4763 — cml@ucsc.edu

James Velzy

Greenhouse Manager
Greenhouse/MCD Biology

(831) 459-3485 — jhvelzy@ucsc.edu

Rachel Brown
Earth & Planetary Sciences Department
rbrown@ucsc.edu

Lewis Reed
Environmental Studies Department
lewiskreed@hotmail.com

Mickie Tang
Ecology & Evolutionary Biology Department
Mtang4@ucsc.edu

TBD
Environmental Studies Department

Gage H. Dayton, Advisory Committee Convenor
Administrative Director, UCSC Natural Reserves
c/o Environmental Studies Department
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(831) 459-4867 - ghdayton@ucsc.edu

Mark Readdie

Resident Director, Landels-Hill Big Creek Reserve
Big Creek Reserve

Big Sur, CA 93920

(831) 667-2543 - readdie@biology.ucsc.edu

Steve Davenport

Assistant Director, Institute of Marine Sciences
Long Marine Lab, Center for Ocean Health
(831) 459-4771 — sldaven@ucsc.edu

Dave Belanger

Associate Dean, Physical and Biological Sciences Division of
Physical and Biological Sciences Dean’s Office

(831) 459-2614 - dave@ucsc.edu
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Younger Lagoon Reserve Scientific Advisory Committee (SAC)

Charge

As outlined in the in the CLRDP, restoration, enhancement, and management activities on the
Marine Science Campus will be guided by a Scientific Advisory Committee (SAC) that is made
up of independent professionals and academicians experienced in and knowledgeable about the
habitats of the natural areas on the Marine Science Campus. The SAC shall guide the
development of Specific Resource Plans, which shall be consistent with the performance
standards set forth in the Resource Management Plan (RMP), and which may be adapted
periodically based on findings from ongoing restoration work. The RMP goals and performance
standards may be adjusted as directed by the SAC in coordination with the Executive Director to
ensure the success of Campus restoration, enhancement, and management efforts. As such, the
RMP goals and performance standards are not static requirements per se so much as initial
guidelines that may be refined during the SAC process so long as such refinement is consistent
with current professional restoration, enhancement, and management goals and standards, and
with achieving high quality open space and natural habitat area in perpetuity consistent with this
CLRDP. RMP adjustments in this respect may require a CLRDP amendment, unless the
Executive Director determines that an amendment is not necessary.

The committee provides guidance for the restoration, enhancement, and management efforts at
YLR, and collaborates with YLR staff on the creation and implementation of the Specific
Resource Plan as outlined in CLRDP Implementation Measure 3.2.10 (below).

Implementation Measure 3.2.10 — Natural Areas Habitat Management. Within six (6) months of
CLRDP certification, the University in consultation with the Executive Director of the California
Coastal Commission shall convene a scientific advisory committee (SAC) to guide the
restoration, enhancement, and management of natural areas (i.e., all areas outside defined
development zones, except for Younger Lagoon Reserve) on the Marine Science Campus (see
Appendix A). Natural areas restoration, enhancement, and management may be completed in up
to three phases corresponding to dividing the natural area into thirds (i.e., where Phase 1
accounts for at least one-third of the natural area, Phase 1 plus Phase 2 accounts for at least
two thirds, and all of the three phases together account for all of the natural area). All
restoration, enhancement, and management activities shall be guided by Specific Resource Plans
developed by the University in accordance with the SAC and the criteria contained in the
Resource Management Plan (Appendix A) and current professional standards for such plans.
The SAC shall be responsible for guiding development of Specific Resource Plans and shall
complete its work on the Specific Resource Plan for Phase I restoration and enhancement efforts
within four (4) months of convening. The content of Specific Resource Plans shall be consistent
with the performance standards set forth in Appendix A, which may be adapted periodically
based on findings from ongoing restoration work. The University shall file a Notice of Impending
Development for Phase I work within one (1) year of CLRDP certification. All natural areas
restoration and enhancement shall be completed within 20 years of CLRDP certification, with
interim benchmarks that at least one-third of the restoration and enhancement shall be
completed within seven years of CLRDP certification and that at least two-thirds shall be
completed within 14 years of CLRDP certification.
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The SAC was seated in January 2009. In addition to the chair, membership of the committee is
comprised of three independent professionals and academicians experienced in and
knowledgeable about the habitats of the natural areas on the Marine Science Campus. Brief bios
of the four SAC members are below.

Dr. Karen Holl- Professor and Department Chair, Environmental Studies, University of
California at Santa Cruz (UCSC).

Dr. Karen Holl has been on the faculty in the Environmental Studies Department at the
University of California, Santa Cruz for 15 years. She has conducted research on restoration
ecology in a wide variety of ecosystems, including tropical rain forests, eastern hardwood
forests, chaparral, grassland, and riparian systems in California. She has published over 50
journal articles and book chapters on restoring damaged ecosystems and is on the editorial board
of the journal Restoration Ecology. She teaches the Restoration Ecology class at UCSC and
supervises many of the undergraduate students who work on the UCSC Natural Reserves. She
regularly advises numerous public and private agencies along the Central California Coast on
land management issues. She recently was selected as an Aldo Leopold Leadership Fellow. Dr.
Holl's expertise in restoration ecology, experimental design and data analysis, as well as her
affiliation with UCSC and her excellent rapport with University students and staff make her an
irreplaceable member of the Scientific Advisory Committee.

Dr. Holl received a Ph.D. in Biology from Virginia Polytechnic Institute and State University,
and a Bachelors degree in Biology from Stanford University.

Tim Hyland - Environmental Scientist, State Parks, Santa Cruz District.

Mr. Hyland has worked in the field of wildlands restoration for over 15 years. Much of his work
has focused on coastal scrub, dune, and wetland restoration at sites throughout the Central Coast,
including Wilder Ranch State Park (located approximately one mile west of YLR). He has
extensive experience in restoration planning and implementation, vegetation mapping, exotic
species control, and native plant propagation. In addition, Mr. Hyland is highly skilled in public
education and outreach. His long tenure with California State Parks and direct experience in
designing and implementing large-scale restoration projects make him a valuable member of the
Scientific Advisory Committee.

Mr. Hyland has a B.A. from California Polytechnic State University, San Luis Obispo.
Bryan Largay — Conservation Director, Land Trust of Santa Cruz County.

Mr. Largay has worked in the fields of hydrology, water quality, and wetlands for fourteen years
with a focus on restoration and wildlife habitat. He has conducted wetland restoration,
watershed hydrology, and water quality investigations and designed measures to control erosion
and treat water quality problems using vegetation. Much of his work has focused on
collaborative water quality protection projects with agricultural landowners and growers. He has
worked to solve water resource problems with a broad array of individuals, including scientists,
planners, engineers, growers, private landowners, and contractors. Prior to joining the staff of
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The Land Trust of Snata Cruz County, he worked as the Tidal Wetland Project Director at
Elkhorn Slough National Estuarine Research Reserve (ESSNER) and participated in the Tidal
Wetland Project as a member of the Science Panel and Model Advisory Team. Mr. Largay's
experience working on complex, large-scale restoration projects with agricultural neighbors in a
non-profit setting make him a very important addition to the Scientific Advisory Committee.

Mr. Largay received an M.S. in Hydrologic Sciences at U.C. Davis, and a Bachelor's degree at
Princeton University.

Dr. Lisa Stratton - Director of Ecosystem Management, Cheadle Center for
Biodiversity and Ecological Restoration, U University of California, Santa Barbara
(UCSB).

Dr. Lisa Stratton has worked in the field of science-based restoration for over 15 years. She has
extensive experience in restoration planning and implementation in conjunction with campus
construction projects. Much of her work at UCSB has focused on involving students and faculty
in the Cheadle Center's restoration projects. Dr. Stratton's work at the UCSB has provided her
with a rare understanding of some of the unique challenges and opportunities YLR staff face as
they undertake the restoration project at YLR. Her combined experience in wildlands restoration
and management, scientific research, and working within the University of California system
make her a very important member of the Scientific Advisory Committee.

Dr. Stratton received a Ph.D. in Botany and Ecology from the University of Hawai'i,a M.S. in

Conservation Biology and Sustainable Development from the University of Wisconsin-Madison,
and a Bachelors degree in Comparative Literature from Stanford University
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Publications

Casanova, Manny. 2013. Evaluating the cover and survivorship of grasses, herbs, and
shrubs facilitated by the nurse plant, Baccharis pilularis at Younger Lagoon
Reserve. Prepared in partial fulfillment of ENVS 196, a 5-unit senior seminar,
UC Santa Cruz, 2013. Faculty Advisor: Dr. Karen D. Holl, Environmental
Studies.

Evans, Becca. 2013. Plant Identification Guide of Younger Lagoon Reserve.
Prepared in partial fulfillment of ENVS 196, a 5-unit senior seminar, UC Santa
Cruz, 2013. Faculty Advisor: Dr. Karen D. Holl, Environmental Studies.

Hammond, Jessi, 2013. Compliance Monitoring Report for the Coastal Bluff
Grassland at Younger Lagoon Reserve, Spring 2013. Prepared for the
California Coastal Commission and Younger Lagoon Reserve Scientific
Advisory Committee, 2013.

Stern, Naomi. 2013. Habitat Types of Younger Lagoon Reserve. Prepared in partial
fulfillment of ENVS 183, a 5-unit senior internship, UC Santa Cruz, 2013.
Faculty Advisor: Dr. Karen D. Holl, Environmental Studies.

Stern, Naomi. 2013. Background to Younger Lagoon Reserve: A Socio-political
Perspective. Prepared in partial fulfillment of ENVS 183, a 5-unit senior
internship, UC Santa Cruz, 2013. Faculty Advisor: Dr. Karen D. Holl,
Environmental Studies.

Tang, Mickie. 2013. Effects of mulch, planting design, and mowing on native plant
restoration in a California coastal prairie. A Senior Thesis submitted in partial
satisfaction of the requirements for the degree of Bachelor of Science in
Ecology and Evolutionary Biology, UC Santa Cruz. Faculty Advisor: Dr.
Karen D. Holl, Environmental Studies.

Zhang, Lynne. 2013. Propagating Plants for Restoration. Prepared in partial

fulfillment of ENVS 196, a 5-unit senior seminar, UC Santa Cruz, 2013.
Faculty Advisor: Dr. Karen D. Holl, Environmental Studies.

37



Appendix 1. California Coastal Commission monitoring report



Younger Lagoon Natural Reserve

Beach Monitoring Report

2013

Younger Lagoon Fish Surveys

Gage Dayton and Beth Howard
Younger Lagoon Natural Reserve
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Overview and Summary

In March 2010, the California Coastal Commission (CCC) approved the University of
California’s Notice of Impending Development Implementation for Implementation Measure
3.6.3 of the CLRDP (NOID 10-1). NOID 10-1 requires that (through controlled visits) the public
have access to Younger Lagoon Reserve beach and that a monitoring program be created and
implemented to document the condition of native flora and fauna within Younger Lagoon and
it’s beach. The monitoring plan will be implemented over a 5-year time period. At the end of
the 5-year period (Winter 2015) results are to be compiled and included in a report that
summarizes and discusses the potential effect of controlled beach access on flora and fauna at
Younger Lagoon. The report will be submitted to the California Coastal Commission.

This document serves as a summary report for activities under NOID 10-1 that have taken place
since our previous report and the end of fiscal year 2012. Previous years results are included as
well. Data collected to date indicate that Younger Lagoon supports a wide variety of native flora
and fauna, provides habitat for sensitive and endangered species, and supports a unique beach
dune community. In general, in comparison to other local beaches surveyed native plant species
richness is greatest at YLR whereas non-native species richness is lowest at YLR. A parameter
that we quantified in 2012, and is evident from visual observation and photo documentation, is
the presence of dune hummocks and downed woody material at YLR, both of which are almost
entirely absent at local beaches due to human use. These features provide habitat for plant
species such as the succulent plant dudleya, which grow on downed woody material and dune
hummocks at YLR, as well as burrowing owls that use burrows in hummocks and seek shelter
beneath downed woody material at YLR. The relatively natural state of YLR beach and dune
vegetation is unique among most pocket beaches in Santa Cruz County and likely represents a
glimpse into what many of the pocket beaches in the greater Monterey Bay area looked like prior
to significant human disturbance. Open access to the beach would likely result in the loss of the
unique ecological characteristics of the site and reduce it’s effectiveness as a research area for
scientific study. Controlled beach access through the Seymour Center docent led tours, provides
an appropriate level of controlled access that enables people to see and learn about the lagoon
habitat while limiting impacts to the system.



Introduction

Nearly 45 years ago, the University of California Natural Reserve System (UCNRS) began to
assemble, for scientific study, a system of protected sites that would broadly represent
California's rich ecological diversity. Today the UC Natural Reserve System is composed of 38
reserves that encompass approximately 135,000 acres of protected natural land available for
university-level instruction, research, and public service. The University of California Natural
Reserve System supports research and education through it’s mission of contributing “fo the
understanding and wise management of the Earth and its natural systems by supporting
university-level teaching, research, and public service at protected natural areas throughout
California.” By creating this system of outdoor classrooms and laboratories and making it
available specifically for long-term study and education, the NRS supports a variety of
disciplines that require fieldwork in wildland ecosystems. UC Santa Cruz administers four UC
Reserves: Younger Lagoon Natural Reserve, Afio Nuevo Island Reserve, Landels-Hill Big Creek
Reserve, and Fort Ord Natural Reserve.

The objective of the beach monitoring program is to document the presence and distribution of
flora and fauna within Younger Lagoon Natural Reserve (YLR) and to evaluate changes in
distribution and density over time. Additionally, YLR staff decided to monitor nearby beaches
with varying levels of use (Natural Bridges and Sand Plant Beach) in order to examine
differences in the flora and fauna among the three sites. Importantly, the data collected in this
study will provide a quantitative assessment of various attributes (species composition,
abundance, etc.) but it is realized that the sites vary significantly from one another and there is no
replication. Although data comparisons will likely be informative there are significant
constraints that make meaningful statistical comparisons between the sites impossible; thus,
while results will be informative they shouldn’t necessarily be used to create strict prescriptions.
Data from the 5-year monitoring program will be compiled and presented to the Coastal
Commission at the end of the 5-year period. Reports will also be provided to Coastal
Commission staff annually in order to provide progress updates and identify any necessary
changes or unforeseen issues that may arise during monitoring efforts. Results of the monitoring
study will be used to evaluate the trade-offs between ecological protection and public access.
Variables that will be monitored include: user data, changes to habitat (as observable in photo
documentation and vegetation surveys), tidewater goby presence, species composition and
reproduction of beach dune vegetation, species composition of mammals and invertebrates, and
abundance of birds. Details for each of the aforementioned parameters are described below.

This year’s report is for Fiscal Year (FY) 2013 (July 1, 2012 — June 30, 2013). Data for each
monitoring objective have been added to previous year’s data; thus, the results for this reporting
period have been combined with all previous findings. As a result, this report provides a running
summary of our findings starting from the inception of the study and running through the end of
FY 2012-2013.



Younger Lagoon Access History

History of Public Access to Younger Lagoon Beach

Prior to 1972, Younger Beach was privately owned and closed to the public. The owners
(Donald and Marion Younger) actively patrolled for, and removed, trespassers from their
property, including the beach. In 1972, the Younger Family donated approximately 40 acres of
their property to the University of California for the study and protection of the marine
environment. These lands included Younger Lagoon and Beach (approximately 25 acres), and
an adjoining parcel of land (approximately 15 acres) which became the site of the original Long
Marine Laboratory (LML). At the time of their donation, Donald and Marion Younger intended
that the lagoon, beach and surrounding slopes be protected in perpetuity by the University as a
bird sanctuary.

In the years between the donation of the property and the start of LML construction (1976), the
University leased the future LML site back to farmers who had been farming the property for the
Younger family prior to the donation. During those years, the same no trespassing rules for the
beach were enforced as they had been when the property was owned by the Younger family.

Once construction of Long Marine Lab began in 1976, the land was no longer under the watch of
the farmers, and public pressure on the beach began to increase. Many Santa Cruz locals
remember the next several years at Younger Beach fondly as it became a popular nude beach.
The increased public access had a noticeable impact on the flora and fauna of the beach, and was
not in accordance with the intention of the original donation by the Younger family. By 1978
discussions had begun between the University and the California Coastal Commission regarding
the impact of uncontrolled public access to the beach. In 1981, it was decided that the impacts to
Younger Beach were significant and the beach was closed to uncontrolled public access under
coastal permit P-1859.

After the approval of coastal permit P-1859, the University began to actively patrol the beach for
trespass and to educate the public about the closure. After YLR was incorporated into the
UCNRS in 1986, users were required to fill out applications, or contact NRS staff, for specific
research, education, or outreach efforts. Asthe LML campus grew, a protective berm and
fencing were constructed around the perimeter of the lagoon, and informational ‘beach closed’
signs were posted on the cliffs above the beach. Over time, trespass decreased and the reduced
public access had a noticeable positive impact on the flora and fauna of the beach.

Public access to YLR beach came to the forefront again during the CLRDP negotiation process
(2000-2008). At the time negotiations began, YLR supported a rich composition of plant and
animal species despite being surrounded by agricultural and urban development. Reserve staff
were concerned that any increase in public access could threaten the already heavily impacted
habitat. At the time of CLRDP certification (2010), all parties agreed to the Beach Access
Management Plan outlined in NOID 10-1. Under the Beach Access Management Plan, the YLR
beach remains closed to unsupervised public access and the reserve is implementing a
management and monitoring plan that includes docent-guided tours.



Because of the importance of maintaining a natural and pristine environment (Figure 1) and
protecting scientific studies and equipment, uncontrolled access to YLR is not allowed.
Uncontrolled use of YLR is likely to have a negative impact on native coastal flora and fauna
that inhabit the reserve, hamper research endeavors, and impact the area for future scientific and
educational endeavors. Rather than an open public access policy, users are required to fill out
applications, or contact NRS staff, for specific research, education, or outreach efforts. In 2010
YLR began hosting docent-guided tours that are offered by the Seymour Marine Discovery
Center (SMDC).

Beach Access Tours

Beach access tours are offered two times per month (one tour on a weekday and one on a
weekend). The extent of the beach access area varies depending upon the location of plants (i.e.
foot traffic is seaward of the dune vegetation) and tidal conditions. Thus, the exact access area is
determined by vegetation and tide level and may vary slightly from time to time. The trail
provides an interpretive experience for visitors that begins with an overview of the lagoon, a
walk through a restored coastal scrub habitat with viewing opportunities of the rear dune, and
ends up on the beach. Tours are led by SMDC docents trained in the natural history and ecology
of YLR and provide detailed information about flora, fauna, geology, and the UC Natural
Reserve System. Tour curriculum focuses on the unique ecology of the YLR beach, and was
first presented to SMDC docents during the regular winter docent training program in 2010.
YLR Beach tours began in the spring of 2010 and are advertised via the SMDC website:
http://www?2.ucsc.edu/seymourcenter/calendar.html and filled via phone reservation: (831) 459-
3800. The SMDC allocates tour spaces and keeps track of all user data. Tours are limited to
twelve (12) persons and are best suited for adults in good physical condition and children over 10
years of age. Public members entering YLR are required to adhere to the UCNRS Reserve Use
guidelines.



Figure 1. Burrowing owl on the beach at Younger Lagoon.

Study Areas

Flora, fauna, and human use were monitored at Natural Bridges State Park, Younger Lagoon
Natural Reserve, and Little Wilder (Figure 2). These three sites have similar characteristics (all
have beach and lagoon habitat), are within close proximity to one another, and experience
varying levels of human use. Although site characteristics are similar in many ways, they are
also different in many ways, and these differences likely influence species composition. Three
of the primary differences among the sites are human use levels, composition of adjacent upland
habitat, and the overall size of the beach and wetland areas.

Younger Lagoon Reserve

Younger Lagoon Reserve is located in Santa Cruz County, approximately 4.5 miles from the
main UC Santa Cruz campus; adjacent to the UC Santa Cruz Long Marine Laboratory. One of
the few relatively undisturbed wetlands remaining on the California Central Coast, Younger
Lagoon Reserve encompasses a remnant Y-shaped lagoon on the open coast just north of
Monterey Bay. For most of the year, the lagoon is cut off from the ocean by a sand barrier.
During the winter and spring months, the sand barrier at the mouth of Younger Lagoon breaches
briefly connecting the lagoon to the ocean. The lagoon system provides protected habitat for 100
resident and migratory bird species. Approximately 25 species of water and land birds breed at
the reserve, while more than 60 migratory bird species overwinter or stop to rest and feed.
Opossums, weasels, brush rabbits, ground squirrels, deer mice, coyote, bobcat, woodrat, raccoon,



and skunk are known to occupy the lagoon; gray and red foxes as well as mountain lion have
also been sighted. Reserve habitats include salt and freshwater marsh, backdune pickleweed
areas, steep bluffs with dense coastal scrub, pocket sand beach, grassland, and dense willow
thickets.

Sand Plant Beach (“Little Wilder”)

Sand Plant Beach is located in Santa Cruz County, approximately 1.5 miles west of YLR
adjacent to Wilder Ranch State Park. Sand Plant Beach is approximately 23 acres and includes a
pocket beach, dunes, cliffs and lagoon. It is open to the public for recreational use from dawn
until dusk, 365 days a year. The surrounding Wilder Ranch State Park covers approximately
7,000 acres and allows human, bike and equestrian access. Much of the interior lagoon/upland
habitat has been modified for agricultural production and/or ranching over the past century.
Today most of the vegetation that persists inland of the lagoon is dominated by freshwater
emergent vegetation and willow thickets. Major wetland restoration projects have increased
native flora and fauna in the area (Friends of Santa Cruz State Parks, 2010).

Natural Bridges Lagoon

Natural Bridges Lagoon is located in Santa Cruz County, approximately 0.5 miles east of YLR
on the urban edge of the city of Santa Cruz CA in Natural Bridges State Park. Natural Bridges
Lagoon, beach, and State Park encompasses approximately 63 acres and includes a wide pocket
beach, lagoon, cliffs, and diverse upland habitat (scrub, grass, iceplant, willow thicket, live oak,
eucalyptus, and cypress). The park is world-renowned for its yearly migration of monarch
butterflies and famous natural bridge. Natural Bridges State Park allows human access as well as
dogs that are on leash and remain on paved roads and in parking lots (Friends of Santa Cruz State
Parks, 2010). The beach is a popular destination at all times of the year; however, it is especially
popular in the spring, summer, and fall months.
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Methods

User Data

User data from tours conducted by the SMDC, as well as research and education use of YLR,
were recorded and maintained by SMDC and YLR Staff. User data from educational programs
and fee collection are recorded and maintained by California State Parks staff for Natural
Bridges State Parks. No user data was available for Sand Plant Beach.

Human Beach Use

We used remote cameras to quantify human use of Sand Plant Beach, YLR, and Natural Bridges.
Cameras were placed along the eastern edge of Sand Plant Beach and Natural Bridges Beach and
at the western edge of Younger Lagoon for two days during 12 separate sampling events each
consisting of two days (May, 2010; August, 2010; November, 2010; Febraury, 2011; May, 2011;
Devember, 2011; April, 2012; May, 2012; August, 2012; October, 2012; January, 2013; May,
2013). Cameras were set to automatically take photos at 15 minute intervals. Number of people
were quantified for 15 minute intervals during the day (camera times varied across sampling
periods due to day length and postion; however, were standardized within each sampling period).
The total survey area varied between sites and among individual sampling efforts due the
placement of the camera and available habitat for human users at the time of the survey (i.e.
often less beach area surveyed at Sand Plant Beach compared to Younger Lagoon and Natural
Bridges). In order to control for area, specific regions of photos were chosen and number of
individuals within each region were counted; thus, the number of people counted per unit area
was standardized. We used the largest survey area during each sampling period to standardize
use within each specific region of the beach during each sampling effort. Thus, if a particular
site had more or less habitat monitored, the number of individuals was standardized across sites
making comparisons comparable.

Photo Documentation of Younger Lagoon Natural Reserve

Photo point locations were established at four locations within YLR (Figure 3). These locations
were chosen to ensure coverage of all major areas of the beach. Photos were taken once during
the reporting period (December 10, 2010, March 4, 2010, July 2011, July 2012, June 2013). At
each photo point we collected photo point number, date, name of photographer, bearing, and
camera and lens size.

Tidewater Goby Surveys

Tidewater goby surveys were conducted at YLR, Natural Bridges, and Sand Plant Beach on
April 9, 2010, August 18, 2010, November 13, 2010, February 23, 2011, May 12, 2011,
December, 2011, March, 2012, May, 2012, August, 2012, October, 2012, February, 2013, and
May, 2013. Surveys were conducted using a 4.5 ft x 9 ft beach seine with 1/8 inch mesh. The
objectives of the surveys were to document tidewater goby presence and evidence of breeding
activity (determined by the presence of multiple size/age classes). All fish were identified to
species and counted. When individuals exceeded ~50 per seine haul, counts were estimated.
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Sampling was conducted with the goal of surveying the various habitats within each site (e.g.
sand, sedge, willow, pickleweed, deep, shallow, etc.); thus, different numbers of seine hauls were
conducted at each site. Species richness was compared among sites.
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Figure 3. Locations of monitoring points, plots, and regions for YLR beach. Monitoring areas
varied slightly between sampling efforts depending upon the high water mark, vegetation
patterns, and water levels.

Species Composition and Coverage of Beach Dune Vegetation

Dune vegetation from the lowest (nearest to the mean high tide line) occurring terrestrial plant to
10 meters inland into the strand vegetation was surveyed April 10-11, 2010; August 16, 2010;
November 17, 2010; February 9, 2011; April 27, 2011; August, 2011; November, 2011;
February, 2012; April, 2012; August, 2012; November, 2012; January, 2013, May, 2013). The
exact location and extent of the area surveyed each time varied depending upon the location of
the “lowest” plant detected during each sampling effort. At each location we established at 50-m
east-west transect across the dune vegetation and measured the distance from the estimated mean
high tide line to the “lowest” plant on the beach. Herbaceous species composition was measured
by visual estimation of absolute cover for each species in ten 0.25 m* quadrats along the transect.
Quadrats were placed every 5 m on alternating sides of the transect starting at a randomly
selected point between 1 and 5 meters (a total of 10 quadrats per transect). A clear plastic card
with squares representing 1, 5, and 10% of the sampling frame was used to help guide visual
cover estimations. Species cover (native and exotic), bare ground, and litter were estimated at
5% intervals. Litter was specifically defined as residue from previous year’s growth while any
senescent material that was recognizable as growth from earlier in the current growing season
was counted as cover for that species. After all cover estimates had been made, we conducted
surveys within 2 m of either side of the transect (a 4 x 50 m belt). In the belt transects,
individual plants were recorded as either seedlings or greater than 1 year old. Presence of
flowers and seeds was also noted.

Non-avian Vertebrate Monitoring

Tracks

Vertebrate tracks were measured using raked sand plots at each site during five sampling periods
(May 1-2, 2012, August 11-12, 2010, November 17-18, 2010, February 8-9, 2011, May 3-4,
2011; July 22-23, 2011; March 8-9, 2012; May 15-16, 2012; August 16-17, 2012; October 22-
23,2012, January 16-17, 2013, May 14-15, 2013). Tracking stations were placed throughout the
beach area in constriction zones where vegetation was absent. The objective of these surveys
was simply to detect what species use the beach habitat. As such, size of plot varied from
approximately depending upon the amount of available open sandy area at each location. Track
stations were raked each evening and checked for tracks in the morning. Stations remained open
for two days during each monitoring bout. Tracks were identified to species when possible.
Species composition was summarized; however, abundance was not quantified due to the fact
that most often tracks cannot be used to identify individual animals (e.g. a single individual
could walk across the plot multiple times).
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Small Mammals

Sherman live traps were place at each site for two nights during six sampling efforts on April 24-
25,2010; August 11-12; 2010; November 15-16, 2010; February 8-9, 2011; May 3-4, 2011; July
22-23,2011; March 8-9, 2012; May 15-16, 2012; August 25-26, November 5-6, 2013; January
13-14, 2013; May 1-2, 2013). A total of 30 traps were placed at each site and sampled for a
period of two evenings (60 trap nights per sampling bout). Traps were set at dusk and collected
at dawn. Each trap was baited with rolled oats and piece of synthetic bedding material was
placed in each trap to ensure animals did not get too cold. Individuals were identified to species,
marked with a unique ear tag, and released at the site of capture.

Invertebrate Monitoring

Terrestrial invertebrates on beach habitat were monitored by placing four 12 oz plastic containers
(pit fall traps) at each tracking station (one at each corner of the plot) during tracking efforts.
Traps were buried to the lip of the container and checked each morning and all individuals were
collected, identified, and counted.

Avian Monitoring

We conducted ocular surveys of birds on the beach, lagoon, and cliff habitats at each site.
Survey locations were selected along one edge of the beach on the cliff. At YLR and Sand Plant
Beach the entire beach area, fore portion of the lagoon, and western cliff were surveyed from the
eastern edge of the lagoon. At YLR the top and western face of the rock stack that is located at
the beach/ocean edge was also surveyed. At Natural Bridges surveys were conducted from the
eastern edge of the beach on the cliff adjacent to De Anza Mobile Home Park or from the beach
to the west; fore lagoon and approximately the western % of the beach area (including
beach/ocean interface) was included in the survey area. Survey areas were chosen with the goal
of surveying approximately the same area. Counts were recorded on April 24-26, 2010; August
11-12, 2010; November 15-16, 2010; February 15-16, 2011; May 3-4, 2011; July 22-23, 2011;
March 29-30, 2012; May 15-16, 2012; August 25-26, 2012; November 5-6, 2012; January 13-14,
2013; May 1-2, 2013). Surveys were conducted in the dawn or dusk hours within approximately
2 hours of sunrise or sunset and of one another. Data from the two days during each sampling
effort were combined and individuals were identified and counted. Species richness, abundance,
and diversity were calculated for each site.

Results

User Data

Younger Lagoon Reserve

There were a wide variety of public and non-profit research and educational groups that used
Younger Lagoon (Table 1). The greatest user group for YLR in 2012-2013 was once again
undergraduate education, a breakdown of all user groups are included in Table 2. The greatest
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user group was “other” which consists primarily of public tour groups to the edge of the Lagoon
at the marine mammal overlook during marine mammal tours at the Seymour Center. Those
users (approximately 2070 which represents 10% of the individuals that attended SMDC tours
outside of the YLR beach tours) were provided an overlook of the lagoon, interpretive
information via docent led tours, and opportunities to read interpretive material presented on
signs about the reserve; however, did no access the beach. During the 12-13 fiscal year a total of
129 participants went on the Seymour Center docent led Younger Lagoon tours (up from 79 the

previous year).

Table 1. Younger Lagoon user affiliations.

University of California Campus
University of California, Santa Cruz
University of California, Davis
University of California, Santa Barbara

Government (Federal and State)
NOAA Protect Resources Division
United States Geological Service
California Department of Fish and Game

K-12 system

Delta High School

Yerba Buena High School

St. Andrew’s Episcopal School

Non-governmental organizations
Santa Cruz Bird Club

Seymour Marine Discovery Center
California Native Plant Society
PRBO Conservation Science

Save our Shores

Volunteer Groups
UCSC Wilderness Orientation
American Conservation Experience
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Table 2. Younger Lagoon Total Use.

UNIVERSITY- LEVEL RESEARCH
SUBTOTAL

Research Faculty

Research Scientist

Research Assistant

Graduate Student Researcher
Undergraduate Student Researcher
College Class Undergraduate Student
Professional

Volunteer

SUBTOTAL

UNIVERSITY - LEVEL INSTRUCTION (CLASS)

Research Faculty

Research Scientist

Graduate Student Researcher
College Class Instructor

College Class Graduate Student
College Class Undergraduate Student
Professional

Volunteer

SUBTOTAL

PUBLIC

SUBTOTAL

Research Scientist
College Class Instructor
College Class Undergraduate Student
K-12 Instructor

K-12 Student
Professional

Other

Docent

Volunteer

SUBTOTAL

TOTAL

UC Home
Users UDs
4 115
2 67
2 8
1 1
9 175
14 462
1 31
0 0
0 0
33 859
3 88
2 2
11 181
9 13
13 25
582 3733
2 730
40 40
662 4812
0 0
3 3
1 1
76 76
0 0
0 0
1 1
0 0
0 0
0 0
81 81
776 5752

UC Other
Users UDs
0 0
0 0
0 0
0 0
1 1
0 0
0 0
0 0
0 0
1 1
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
5 5
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
5 5
6 6

Users

©oocooocoocooooo Ocooo0oo0oooo0oo

©Ccoocooocooo0oo0oo

0

UDs

ocoooooooo ©ocooooooooo

©Ooocooo0oo0oo0oooo

0
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0

UDs

©oooocoocooocoo ©ococooooooooo

ocoocooo0ooo0oooo

0

Users
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0

UDs

ocooocoooooo ©Ocooooooooo

©OCooo0oo0oo0oo0oo0oo

0

Users

ocoocooocooocoo ©ococoooooooooo

©ocoocooocoo0oo0oooo

0

CSU System CA Comm College Other CA College Out of State College

UDs

ococooocoooooo oo oo0oo0oo0ooooo

ocoo0oo0oo0o0oo0oo0oo

0

International University Government

Users

©ococoocoocooooo ©ocoo0oo0oo0o0oo0oo

©coo0ooo0oo0oo0oo0oo

0

UDs

©ocooocoocooooo ©ocoo0oo0oo0oooo0oo

©ocoo0oo0oo0oo0oo0oo0oo

0

Users

ocoooocooocoo PO 20O OWOOO

~0o0oo-~0o00o0o0o

5

UDs Users
0 0
0 0
0 0
12 0
0 0
0 0
0 0
4 0
0 13
16 13
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 1
0 0
0 0
0 0
0 0
0 0
1 52
0 26
0 122
0 43
1 244

17 257

NGO/Non-Profit

UDs

oo oooooo

JEQN
@ w

ocoooocooocoo

oo oo~

0
416
126
122
43
708

721

Profit Business K-12 School

Users

ococooocoocooooo ©cooo0oo0oooooo

ocoo0oo0oo0o0oo0oo0oo

0

UDs

ocoocoocoocoocoo ococoooooooooo
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0
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Sand Plant Beach (Little Wilder)

Sand Plant Beach is located adjacent to Wilder State Park and is frequented by Wilder
State Park visitors along a coastal bluff trail. Because of the size of Wilder Ranch State
Park (over 7,000 acres, with over 35 miles of trails) and its multiple points of access, it is
unknown exactly how many people visit Sand Plant Beach each year. However, it is one
of the more popular beaches along this section of Wilder Ranch as there is relatively easy
access along the coastal bluff trail.

Natural Bridges Lagoon

We did not obtain user data for 2013; however, more than 925,000 people are estimated
to have visited Natural Bridges State Park in 2005 (Santa Cruz State Parks 2010). The
proportion of those visitors that use the beach and lagoon habitat is unknown. It is likely
that the number of visitors remains in this range from year to year.

Human Use During Survey Efforts

Number of users at each beach during the survey efforts varied among beaches as well as
between sampling dates. However, the pattern of total use (Table 3; Figures 4-5) and the
number of people per photo (15 minute interval standardized for area surveyed) was
consistent across sampling periods with overall use being highest at Natural Bridges and
lowest at Younger Lagoon. Examples of photos captured during a typical monitoring
session in 2010 are included as Figure 6.

Table 1. Number of people observed in photo human use monitoring during sampling
efforts through FY 2013.

Site Month 'Total # of people 'Ave # of People / 15 minute
Natural Bridges May, 2010 1862 18.62
Sand Plant May, 2010 233 1.32
Younger Lagoon May, 2010 40 0.39
Natural Bridges August, 2010 322 3.22
Sand Plant August, 2010 19 0.19
Younger Lagoon August, 2010 0 0
Natural Bridges November, 2010 207 2.07
Sand Plant November, 2010 17 0.17
Younger Lagoon November, 2010 2 0.07
Natural Bridges February, 2011 482 8.03
Sand Plant February, 2011 1 0.03
Younger Lagoon February, 2011 0.07



Site Month 'Total # of people  'Ave # of People / 15 minute
Natural Bridges May, 2011 1756 18.30
Sand Plant May, 2011 85 0.88
Younger Lagoon May, 2011 16 0.17
Natural Bridges July, 2011 795 8.11
Sand Plant July, 2011 49 0.50
Younger Lagoon July, 2011 0 0
Natural Bridges December, 2011 341 3.97
Sand Plant December, 2011 24 0.12
Younger Lagoon December, 2011 3 0.04
Natural Bridges April, 2012 442 3.68
Sand Plant April, 2012 15 0.08
Younger Lagoon April, 2012 94 0.85
Natural Bridges May, 2012 393 2.32
Sand Plant May, 2012 14 0.10
Younger Lagoon May, 2012 0 0
Natural Bridges August, 2012 587 10.6
Sand Plant August, 2012 93 3
Younger Lagoon August, 2012 0 0
Natural Bridges October, 2012 474 10.65
Sand Plant October, 2012 83 2.76
Younger Lagoon October, 2012 4 0.05
Natural Bridges January, 2013 396 7.3
Sand Plant January, 2013 0 0
Younger Lagoon January, 2013 9 0.17
Natural Bridges May, 2013 2209 23
Sand Plant May, 2013 23 0.56
Younger Lagoon May, 2013 0 0

'Standardized by area surveyed.
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Figure 4. Average number of people per 15-minute interval at Natural Bridges, Sand Plant
Beach, and Younger Lagoon Reserve through FY 2013.

Figure 5. Total number of people counted in photographs through FY 2013.
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Figure 6. Photos captured by remote camera during the Spring 2010 monitoring effort. Top to
bottom: Sand Plant Beach, Natural Bridges, and Younger Lagoon.
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Photo Documentation of YLR

Photos were taken one time during the reporting period and are included as Appendix 1.

Tidewater Goby Surveys

Tidewater goby were found at all sites during each sampling effort. Evidence of breeding
(multiple size classes) was also observed at each site. Fish species richness was greatest at
Natural Bridges and Younger Lagoon (Table 4).

Table 4. Vertebrate species encountered at Sand Plant Beach, Younger Lagoon, and Natural
Bridges through 2013 seining surveys.

Tidewater Goby Stickleback Sculpin Mosquito Fish Halibut CRLF?

April 9, 2010

Little Wilder X X

Younger Lagoon X X

Natural Bridges X X X
August 13, 2010

Little Wilder X X

Younger Lagoon X X

Natural Bridges X X X X
November 18, 2010

Little Wilder X X

Younger Lagoon X

Natural Bridges X X X X
February 23, 2011

Little Wilder X X

Younger Lagoon X

Natural Bridges X X X X
May 12, 2011

Little Wilder X X

Younger Lagoon X X X X

Natural Bridges X X X
August 8, 2011

Little Wilder X X

Younger Lagoon X X

Natural Bridges X X
December 12, 2011

Little Wilder X X

Younger Lagoon X
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Natural Bridges X X

March 8, 2012

Little Wilder X X
Younger Lagoon X
Natural Bridges X X
May 15,2012
Little Wilder X X
Younger Lagoon X X
Natural Bridges X X X
August 29, 2012
Little Wilder X X X
Younger Lagoon X X X
Natural Bridges X X
October 23,2012
Little Wilder X X
Younger Lagoon X X
Natural Bridges X X
February 2, 2013
Little Wilder X X
Younger Lagoon X X
Natural Bridges X X
May 6, 2012
Little Wilder X X X
Younger Lagoon X X X
Natural Bridges X X
No. of sites 3 3 2 2 1 2

'CRLF = California Red-legged Frog (Rana draytonii). Tadpoles have been observed at Little Wilder. Juveniles, young of year, and adults have
been observed at YLR and Little Wilder.

Species Composition and Coverage of Beach Dune Vegetation

Evidence of reproduction (flowers, seeds, and seedlings) of native and non-native vegetation has
been detected at all three sites. Distance from mean high tide to the lowest plant on the beach is
consistently greatest at Natural Bridges and lowest at Little Wilder (Table 5). Plant cover was
generally highest at Younger Lagoon (as exhibited by proportion of bare ground) but varied
across sampling efforts (Figure 7).
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Table 5. Distance (m) from mean high tide to the lowest plant on the beach.

Site Spring, 10 Summer, 10 Fall, 10 Winter, 11  Spring, 11 Summer, 11 Fall, 11 Winter, 12 Spring, 12
Younger Lagoon 56 51 20 42 55 49 26 30 28
Sand Plant Beach 33 34 56 56 40 51 29 31 38
Natural Bridges 128 130 141 146 146 138 155 160 123

Site Summer, 12 Fall, 12 Winter, 13 Spring, 13

Younger Lagoon 47 20 30 36

Sand Plant Beach 35 38 31 41

Natural Bridges 91 75 100 72




Figure 7. Mean percent bare ground encountered at each site.

Native plant species richness has consistently been greatest at Younger Lagoon; however, it has varied across sampling periods (Figure 8). Mean
proportion of non-native species is greatest at Natural Bridges (50%) and least at Younger Lagoon (26%) (Table 6).
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Table 6. Number and proportion of native and non-native species encountered during surveys at each site. Mean is calculated across all samples.

Site Spring, 10 Summer, 10 Fall, 10 Winter, 11  Spring, 11 Summer, 12 Fall, 11  Winter,12  Spring, 12
Natural Bridges
Native 7 (41%) 8 (44%) 9 (60%) 8 (44%) 9 (43%) 6 (67%) 8(62%) 9 (47%) 11 (48%)
Non-native 10 (59%) 10 (56%) 5 (40%) 10 (66%) 12 (57%) 9 (33%) 5(38%) 10(53%) 12 (52%)
Total 17 18 14 18 21 15 13 19 23
Younger Lagoon
Native 11 (85%) 11 (85%) 11 (85%) 11 (73%) 12 (80%) 13 (81%) 9(82%) 6 (50%) 6 (43%)
Non-native 2 (15%) 2 (15%) 2 (15%) 4 (27%) 3 (20%) 3 (19%) 2 (18%) 6 (50%) 8 (57%)
Total 13 13 13 15 15 16 11 12 14
Sand Plant Beach
Native 7 (88%) 7 (63%) 7 (70%) 8 (80%) 7 (88%) 7 (88%) 9(82%) 3(33%) 4 (40%)
Non-native 1 (12%) 2 (37%) 3 (30%) 2 (20%) 1 (12%) 1 (12%) 2 (18%) 6 (67%) 6 (60%)
Total 8 9 10 10 8 8 11 9 10
Site Summer, 12 Fall, 12 Winter, 13 Spring, 13 Mean
Natural Bridges
Native 5 (35%) 10 (59%) 7 (88%) 9 (56%) 53%
Non-native 9 (65%) 7 (41%) 8 (12%) 6 (44%) 47%
Total 14 17 15 16
Younger Lagoon
Native 12 (67%) 7 (88%) 9 (69%) 12 (75%) 74%
Non-native 6 (33%) 1 (12%) 4 (31%) 4 (25%) 26%
Total 18 8 13 16
Sand Plant Beach
Native 2 (40%) 3 (50%) 4 (100%) 4 (67%) 67%
Non-native 3 (60%) 3 (50%) 0 (0%) 2 (33%) 33%
Total 5 6 4 6
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Figure 1. Mean percent bare ground encountered at each site.

Native plant species richness has consistently been greatest at Younger Lagoon; however, it has varied across sampling periods (Figure 8).
Mean proportion of non-native species is greatest at Natural Bridges (50%) and least at Younger Lagoon (26%) (Table 6).



Table 7. Summary of track plate sampling effort at each site.

Rodent? Bobcat Skunk Squirrel Opossum Coyote Bicycle Vehicle Human

May 1-2, 2010

Little Wilder X X X X X X X

Younger Lagoon X X X X

Natural Bridges X X X X X X X
August 11-12, 2010

Little Wilder X X X

Younger Lagoon X X X

Natural Bridges X X
November 17-18,
2010

Little Wilder X X X X

Younger Lagoon X X

Natural Bridges X X X X
February 8 -9, 2011

Little Wilder X X X X X X

Younger Lagoon X X X

Natural Bridges X X X X
May 3-4,2011

Little Wilder X X

Younger Lagoon X X X

Natural Bridges X X X
July 22 - 23,2011

Little Wilder X X X X

Younger Lagoon X X X

Natural Bridges X X X

March 8 & 9.2012



Rodent! Raccoon Cottontail Bobcat Skunk Squirrel Deer Opossum Coyote Bicycle Vehicle Human

Natural Bridges X X X
May 15 & 16,2012

Little Wilder X X X X

Younger Lagoon X X X X

Natural Bridges X X X X
August16 & 17,2012

Little Wilder X X X X X X X X

Younger Lagoon X X X X X

Natural Bridges X X X X X X X X
October 22 & 23, 2012

Little Wilder X X X X

Younger Lagoon X X X X

Natural Bridges X X X X X
January 16 & 17, 2013

Little Wilder X X X X

Younger Lagoon X X X X X

Natural Bridges X X X X X
May 15 & 16,2013

Little Wilder X X X X

Younger Lagoon X X X X X

Natural Bridges X X X X
Sites observed at 3 3 3 3 3 2 3 1 3 2 1 3
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Table 8. Frequency, and native species richness, of animals and human use types at San Plant Beach, Younger Lagoon, and Natural Bridges. For
example, 100% indicates a particular species was observed during each of the six sampling efforts.

1Native sp.
Site Rodent Raccoon Cottontail  Bobcat Skunk Squirrel  Deer Opossum  Coyote Bicycle Vehicle Dog Human richness
Little Wilder (10)83%  (4)33% (4)33% (9) 75% (6) 50% (1)8% (2)17%% 0% (10)83% (2)17% 0% (2)17% (11)92% 7
Younger Lagoon  (9) 75% (8)67% 2)17% (9) 75% (4)33% 2)17% 2)17% 0% (6) 50% 0% 0% 0% (5)42% 7
Natural Bridges  (6) 50% (10)83%  (4)33% (6) 50% (7)58% 0% (2)17% (1) 8% (3) 25% (1) 8% (6) 50% (9) 75% 100% 8

1Bicycle, vehicle, dog, and human excluded.

29



Small Mammal Trapping

A total of 156 individual small mammals representing four species have been captured
during small mammal trapping efforts. Sand Plant Beach had the greatest number of
individuals captured and species richness was greatest at Younger Lagoon (Table 9).

Table 1. Summary of Sherman trapping effort at Sand Plant, Younger Lagoon, and
Natural Bridges beaches.

Site Pemal! Mical Reme! Raral? TOTAL

April 24 -25, 2010

Little Wilder 8 5 13

Younger Lagoon 2 2

Natural Bridges 3 3
August 11-12, 2010

Little Wilder 5 4 9

Younger Lagoon 1 1

Natural Bridges 0

November 15-16, 2010

Little Wilder 5 1 6

Younger Lagoon 1 1

Natural Bridges 3 1 4
February 15-16, 2011

Little Wilder 5 5

Younger Lagoon 6 5 0 11

Natural Bridges 2 2
April 29-30, 2011

Little Wilder 4 4

Younger Lagoon 1 1

Natural Bridges 0
August 8-9, 2011

Little Wilder 6 2 8

Younger Lagoon 3 3 6

Natural Bridges 1 5 6
March 30, 2012

Little Wilder 6 6

Younger Lagoon 1 1 2

Natural Bridges 5 2 7



Site Pema! Mica! Reme! Raral? TOTAL
May 15-16, 2012

Little Wilder 4 1 5

Younger Lagoon 3 3

Natural Bridges 5 5
August 25-26, 2012

Little Wilder 4 4

Younger Lagoon 3 3

Natural Bridges 4 2 6
November 5-6, 2013

Little Wilder 2 1 3

Younger Lagoon 3 3

Natural Bridges 3 1 4
January 13-14, 2013

Little Wilder 2 4 6

Younger Lagoon 2 2

Natural Bridges 2 1 3
May 1-2, 2013

Little Wilder 1 1 2

Younger Lagoon 3 2 5

Natural Bridges 5 5
TOTAL 79 46 30 1 156

'Pema = Peromyscus maniculatus; Mica = Microtus californicus; Rema = Reithrodontomys
megalotis; Rara = Rattus norvegicus. “Escaped before positive ID; however, suspected to be Norway Rat.

Invertebrate Monitoring

A total of 35 unique taxa were captured during sampling efforts. Younger Lagoon consistently

had the greatest number of individuals captured; however, patterns of species richness varied
among sampling sessions (Figures 9-10). Species were identified as distinct taxa; however, at
the time of the writing of this report they have not been taxonomically keyed out.
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Figure 9. Species richness of invertebrates at Natural Bridges, Sand Plant Beach, and Younger
Lagoon beaches.

Figure 10. Total abundance of invertebrates at Natural Bridges, Sand Plant Beach, and Younger
Lagoon beaches.
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Avian Surveys

Avian species richness and diversity varied among sites and sampling dates (Table 12); however,
richness and diversity were consistently greatest at Natural Bridges and Younger Lagoon.
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Table 10. Summary of bird surveys at Sand Plant Beach, Younger Lagoon, and Natural Bridges beaches.

Site

AMCR

AMPE

BASW

BLOY

BLPH

BLTU

BRBL

BRPE

BUHE

CAGO

CAGU

CLSW

CORA

COOT

DO

April 24 & 26, 2010

Little Wilder

Younger Lagoon

Natural Bridges

August 11-12, 2010

Little Wilder

Younger Lagoon

Natural Bridges

19

November 15 & 16, 2010

Little Wilder

Younger Lagoon

27

Natural Bridges

February 15 & 16, 2011

Little Wilder

Younger Lagoon

Natural Bridges

58

May 3 &4, 2011

Little Wilder

Younger Lagoon

Natural Bridges

July22 & 23,2011

Little Wilder

Younger Lagoon

Natural Bridges

10

March 29 & 30,2012

Little Wilder




August 25 & 26, 2012

Little Wilder

Younger Lagoon

Natural Bridges

November 5& 6, 2012

Little Wilder

Younger Lagoon

Natural Bridges

January 13&14, 2013

Little Wilder

Younger Lagoon

Natural Bridges

May1 &2, 2013

Little Wilder

Younger Lagoon

Natural Bridges




Site

MEGU

MODO

NOHA

PECO

PIGR

PIGU

REHA

REPH

RODO

SAND

SAPH

SNEG

SPSA

SURF

WEGU

April 24 & 26, 2010

Little Wilder

Younger Lagoon

Natural Bridges

August 11-12, 2010

Little Wilder

Younger Lagoon

32

Natural Bridges

November 15 & 16, 2010

Little Wilder

Younger Lagoon

15

11

Natural Bridges

140

17

February 15 & 16, 2011

Little Wilder

Younger Lagoon

Natural Bridges

47

18

May 3 &4, 2011

Little Wilder

35

Younger Lagoon

Natural Bridges

16

July22 & 23,2011

Little Wilder

17

Younger Lagoon

Natural Bridges

81

March 29 & 30, 2012

Little Wilder

Younger Lagoon

13

16

Natural Bridges

65

10

May 15& 16,2012

Little Wilder

Younger Lagoon

25

15

Natural Bridges




August 25 & 26, 2012

Little Wilder

Younger Lagoon 35 7

Natural Bridges 5
November 5& 6, 2012

Little Wilder 1

14 3

Younger Lagoon

Natural Bridges

January 13&14, 2013

Little Wilder

Younger Lagoon

38

Natural Bridges

11

May1 &2, 2013

Little Wilder

Younger Lagoon

11

Natural Bridges
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Discussion

Conducting biological monitoring at Natural Bridges, Younger Lagoon, and Sand Plant
Beach provides insight into differences and similarities between flora and fauna, as well
as the intensity of human use, across these three coastal beach/lagoon habitats. These
sites are in close proximity to one another and share many ecological similarities;
however, it is important to realize that these sites are different in many ways (size,
proximity to the city, access, adjacent upland habitat, etc.).

Vertebrate surveys reveal, that with the exception of avian diversity and richness, the
three sites are relatively similar to one another. In general, Sand Plant Beach had the
greatest small mammal abundance which may be a result of the extensive freshwater
vegetation directly adjacent to the beach and the close proximity of upland scrub on the
lagoon sides to the relatively confined beach. Track survey results were also similar
across sites. The beaches are similar enough to one another that the species suite is more
or less the same. One potential difference that would be of interest is whether or not the
frequency of use at a finer temporal scale (e.g. per day) varies across sites.

The most profound differences between the three sites are the plant community, dune
system (including downed wood), and amount of human use. In general, native plant
species richness has been greatest at YLR whereas non-native species richness was the
lowest at YLR. Although, the mechanisms responsible for shaping the vegetation
patterns that were observed are unknown for certain, it is very likely that increased
human use has resulted in direct impacts to vegetation and perhaps resulted in the
introduction of non-native species. A parameter that we have now quantified, and is
evident from visual observation and photo documentation, is the presence of dune
hummocks and downed woody material at YLR, both of which are almost entirely absent
at Sand Plant Beach and Natural Bridges (Figure 11). It is likely that the hummocks and
woody material are absent at Natural Bridges and Little Wilder due to human trampling,
collection, and burning. These features provide habitat for plant species such as the
succulent plant dudleya, which grow on downed woody material and dune hummocks at
YLR, as well as burrowing owls that use burrows in hummocks and seek shelter beneath
downed woody material at YLR. Although Younger Lagoon does experience human use,
the intensity and number of users is far less than both Sand Plant Beach and Natural
Bridges. Additionally, users of the YLR beach are educated about the reserve, unique
natural features, and are not allowed to collect woody material or trample dune
vegetation. The relatively natural state of YLR beach and dune vegetation is unique
among the three sites and most pocket beaches in Santa Cruz County and likely
represents a glimpse into what many of the pocket beaches in the greater Monterey Bay
area looked like prior to significant human disturbance.



Figure 11. Younger Lagoon dune map. Survey data and resulting elevation model output
shows topographic features on Younger Lagoon Beach.
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Appendix 1. Younger Lagoon Photos.



YLR Beach Photopoint #1. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 300°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #1. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 330°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #1. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 350°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #2. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 170°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #2. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 240°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #2. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 310°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #2. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 350°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 170°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 225°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR
Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 270°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.




YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 305°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 345°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 15°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #4. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 335°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #4. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 25°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #4. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 45°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #4. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 110°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



Appendix 2. Compliance monitoring report



Compliance Monitoring Report for the Coastal Bluff Grassland at Younger Lagoon

Reserve, Spring 2013

Jessi Hammond

Introduction
In keeping with the goals of the restoration plan for the Younger Lagoon Reserve
(UCNRS 2010) prepared for the California Coastal Commission, Reserve employees,
interns, and volunteers have continued to move forward to restore native plant
communities on the Reserve. Post planting monitoring in 2012 showed success
exceeding target goals for cover and richness of native flora (Reed 2012), rivaling values
found in reference sites (Holl & Reed 2010). Restoration is ongoing at the Reserve and
future monitoring will continue to document the outcomes of these efforts. This report
presents the results of the 2013 monitoring of the restored Coastal Bluff Grassland habitat
on the Reserve.
Methods
Planting
Seeds for the planting projects were collected from local reference sites along coastal
Santa Cruz and San Mateo Counties. The seeds were typically grown D7 conetainers' ™
for several weeks in the UCSC greenhouses before being introduced to the site. Site
preparation prior to planting typically involved some hand-pulling of large weeds (such
as Carpobrotus edulis) and / or herbicide and tarping. A heavy layer of wood chip mulch
(~10-15 cm) was also applied to planting sites prior to planting to suppress subsequent
weed emergence. Teams of volunteers, interns, and staff planted the native plugs
primarily between December and February using dibblers. Some plantings received

supplemental irrigation to help ensure establishment of the new plants. Follow up



management included some hand-pulling and spot spraying of herbicide for emerging
weeds.

Sampling

Vegetation sampling of the Coastal Bluff Grassland habitat followed protocols described
in Holl and Reed (2010). Sampling employs a transect method with 50 m transects
placed to cover the maximum amount of habitat. A 1 x 1 m quadrat was placed on
alternating sides (right and left) of the transect at ten meter intervals for a total of ten
quadrats per transect. Within each quadrat we measured percent cover of each species
using a modified Braun-Blanquet class system 0-5%; 5-10%; 10-20% and then increasing
in 10% intervals. Additionally, a visual survey for additional native species not captured
in quadrat sampling is conducted in a 4 m belt transect (2 m on either side of the
measuring tape) for the 50 m of the transect. Three complete transects were placed
parallel to the coastal bluff, and were positioned to maximize coverage of the planted
area (Figure 1). This sampling yielded a total of 30 sampling frames (10 per transect).
Richness and cover values were averaged for all three transects.

Results

Table 1 provides a summary of native cover and richness for the Coastal Bluff Grassland.
Native understory cover was 28.1 + 18.8% (SE), which exceeds target goals of 5% native
cover. Average native richness across transects was 6.4 + 0.5% (SE) which is greater
than the requirement of 4 species. Total native species richness across all transects was
14. Table 2 provides a list of all native species detected in the Coastal Bluff Grassland.

Discussion



The restoration of the Coastal Bluff Grassland at the Reserve has been highly successful
in achieving results that exceed restoration targets. Sites monitored in 2013 had lower
native species covers than sites monitored in 2012 (76.3% +1.5; 28.8% +18.8
respectively), however total native richness was higher at the newer sites monitored in
2013 (12 species in 2012 sites and 14 species in 2013 sites). Increases in native species
richness further supports species recommendations made by Reed et al. (2011) which
asserts that increasing native species richness increases resilience of habitat to invasive

species, improves quality of habitat for wildlife, and increases local biodiversity.

The continued success of restoration at Younger Lagoon Reserve will rely on the
monitoring of plantings that will inform Reserve staff of approaches and techniques
yielding the best results. A decrease in native cover from one year to another may
indicate a need to increase weed control efforts in the future to reduce non-native species
and particularly class one weeds. The findings of the report support the continued
application of experimental restoration treatments to increase our understanding of how
to maximize restoration success.
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Tables and Figures

Table 1. Native species cover and richness at the
Younger Lagoon Reserve Coastal Bluff Grassland
Restoration, 2013.
Native Cover Richness
Observed 28.1% +18.8 6.4 0.8
Target 5 4

Table 2. Native species observed in 2-year monitoring protocol of YLR
grassland restoration sites during spring 2013. Growth forms abbreviated as
follows: AF=Annual Forb, PF=Perennial Forb, PG=Perennial Grass,
PGRM-=Perennial Graminoid, PSUC=Perennial Succulent, and SHRB=Shrub.

Common Name Scientific Name Growth Form
horseweed Erigeron canadensis AF
miner lettuce Claytonia perfoliata AF
yarrow Achillea millefolium PF
salt marsh baccharis Baccharis douglasii PF
seaside daisy Erigeron glaucus PF
cudweed Gnaphalium sp. PF
gum weed Grindelia stricta PF
buttercup Ranunculus californica PF
bee plant Scrophularia californica  PF
tufted hairgrass Deschampsia cespitosa PG
blue wild rye Elymus glaucus PG
purple needle grass Stipa pulchra PG
rush Juncus patens PGRM
yellow bush lupine  Lupinus arboreus SHRB

TOTAL RICHNESS = 14



Figure 1. Map of the Coastal Bluff Grassland restoration transects on the Younger Lagoon
Reserve, 2013.
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Introduction to Plant Identification

For any environmental studies or ecology student having some basic natural history
knowledge of the ecosystem on which one is working is key in applying a management plan,
performing research, or doing restoration work. At the base of all ecosystems, are plants. Plants
support all other life forms and are used to define the community type (e.g. grassland and

chaparral).

Terminology

Younger Lagoon Reserve (YLR) is actively being restored as the reserve is dominated by
exotic plants. It is important to differentiate between the following terms: native, non-
native/exotic, and invasive.

Native is a term that describes a plant endemic (indigenous) to a given area. In
California, the term, native usually includes pants that were present in an area prior to European
Colonization. Native usually includes plants that were present in an area before human
colonization (NRCS, 2009).

A non-native/exotic/introduced plant is a specimen that was not found naturally in a

given habitat prior to European colonization. Exotic plants were usually introduced for
agriculture, as an ornamental plant in gardens or landscapes, or by accident; such as, seeds being
brought in soil or humans carrying seeds and burs on their clothes. Naturalized is another
common term. A naturalized plant is a plant that is non-native and has spread via rapid
reproduction into a new environment. A naturalized plant does not mean it is considered native;
instead, it is a plant that has become widespread and makes up a significant part of the given

community (NRCS, 2009)



An invasive species is an exotic plant that adversely affects a given biome by spreading

and outcompeting native plants. Invasive plants can reduce the biological diversity of a region
because they often spread rapidly and can lead to a monoculture of one species. Most invasive
species are non-native such as: Genista monspessulana (French broom) and Festuca perennis
(Italian rye grass). A few native species can be considered invasive when they spread rapidly
and reduce biodiversity. Baccharis pilularis (coyote brush) is a good example. Baccharis
pilularis is a native Californian plant found in chaparral and scrub ecosystems. It is widespread
at YLR, but is much less common in an undisturbed coastal prairie, particularly where fires are
allowed to burn. At YLR, the community is out of balance because of reduced regimes such as
fire and grazing that aid the viability of a coastal prairie; thus Baccharis pilularis has become a
dominant species and it may be necessary to reduce its cover to restore the area to a diverse
coastal scrub or prairie (NRCS, 2009).

Whether invasive, native, or endemic, the identification of plants is an overwhelming
task; however, with practice one will begin to notice patterns. These patterns can be described by
looking at plant families. The breakdown of phylogeny is domain, kingdom, phylum, class,
order, family, genus, and species. There are multiple genera in a family but they usually share
common characteristics. For example, Eschscholzia californica (California poppy) is in the
Papaveraceae family. Unique characteristics of this family are: four petals, many stamens, two or
more fused carpels forming one ovary chamber, alternate leaves, and a capsule fruit. When one
begins to identify a plant, it can be helpful to notice patterns among genera to see if the plants are
in the same family. In the additional resources section, you will find a list of all the plants at

YLR and their associated families.



Identifying plants can be tricky. It would be much too difficult to remember every plant
by sight; thus, botanists use keys which lead them to the correct identification. A key is a set of
questions that can guide one to a family, genus, and species. In California, botanists use the
Jepson Manual (Baldwin et al. 2012) which is a dichotomous key this means that there are two
options at every step. In general, the key leads you to a group, then a family, then a genus, then a
species. To work through a key, it is essential to understand botanical terms and the morphology
of plants. In the additional resources portion of this chapter, you will find a list of helpful guides
to start you out on your plant identification journey.

When you get to a genus and species, you often see a bunch of text that looks like
gibberish. This is, in fact, Latin, which is presumed to be a dead language but is, indeed, very
alive in science. Latin is used to name plants because it is standardized. No matter what
language you speak or where you are in the world, a given genus or species can be understood by
all. Plants are only given one Latin name and plants closely related to each other share the same
genus but all plants are unique in their species name. The genus is the first word you see in a
binomial (bi meaning two and nomial meaning name) and the second word is the species. You
will occasionally see a subspecies or variety. These classifications are further delineations
between two plants that might be undergoing speciation or have not yet had significant study to
determine how closely they are related.

Every discipline has a terminology which enables one to be able to talk with others about
their discoveries and challenges in the given field. Botany has its own language where names
are given to plant structures and morphologies. Being able to recognize these definitions in
nature is the first step to becoming a botanist and observer of natural history. While there are

volumes describing the many names of all possible morphological traits and intricate parts of



plants, this resource guide will provide the basics for beginning botanists. Understanding these
basic terms will aid you when reading through the descriptions of plants below and can be used

as a reference.

Plant Index
Abronia latifolia (yellow sand VErDeNa) ...........coccueiiuiiiiiiiiiiiieeiieee ettt 60
Abronia umbellate (pink sand VETDENA) .........cc.eeiiiiiiiiiiiiieie et 60
Acaena pinnatifida var. californica (California sheepburr).........ccccoceviiviniiniiniinicninieniceeee. 59
Achillea millefolium (YATTOW) .....coouiiiuiiiiieeie ettt ettt ettt et et e st etee st e e bt e snbeeseesneaens 39
Agrostis pallens (S€aShOTE DENE GIASS) .....eevuiiiiiiiiiieiieie ettt ettt st eiee e ens 31
Ambrosia chamissonis (DEACH DUL) .........ccviiiiiiiiiiic e e e ree e 60
Anagallis arvensis (scarlet pImPernel).........oocioiiiiiiiiiiiiie e 69
Anaphalis margaritacea (pearly eVerlasting) .........cccooviiiiiiiiiiniierie e 38
Armeria maritima (S€a PINK)........oocuiiiiiiiiiii et 55
Artemisia californica (beach SAZEWOTT) ......cc.eeriiiiiiiiiieiieie e 56
Artemisia douglasiana (INUZWOTL) .........c.eevuieiuienieeiieeie et esee ettt et estte s et esteesateesseesnbeesseesneeans 38
Artemisia pycnocephala (beach SAgeWOrt) .........cocuiiiiiiiiiiiiiieeeee e 55
Atriplex patula (fathen SaAltWeed).........coouiiiiiiiiiiiii e 45
Atriplex prostrate (fat-hemn) ...........cooiiiiiiiiiieee ettt e 45
Avena barbata (SIENAET 0AL).........cc.eeiiiuieeiiie et ettt eee et e e ste e e sreeeseaeeeabeeesaeesbaeesseeenns 61
Baccharis douglasii (saltmarsh bacCharis) ...........occeeiiiiiiiiiiiie e 51
Baccharis glutinosa (marsh bacCharis) ...........coouieiiiiiiiiie e 45
Baccharis pilularis (COYOte DIUSH)......cc.ooiiiiiiiiiiei e 39
Bolboschoenus maritimus (alkali bulrush)..........ccooooiiiiiiiiiie e 47
Bolboschoenus robustus (s€acoast bulrush)...........cccoviieiiiiiiiiiiie e 45



Brassica nigra (black mustard)............ccooiiuiiiiiiiiiie e 70

Black mustard (DTasSICa TAPA) .......eeiuieriierieeiieeie ettt et te ettt ee st e e bt e steebeesabeebeesateeseesnseenseennns 70
Bromus carinatus var. carinatus (California brome)...........cccoooeiiiiiiiniiiniiieeee 31
Bromus cathartics (TESCUE GTASS) ....veeveeruueeuiarireeiteeeteettesteenseesateenseessseenseesaseeseessseeseesnseenseesnns 63
Bromus diandrus (TIPGUE DTOINE) ...c..eiiiiiiiieiieeie ettt ettt ettt sttt e st e e s e saeeenbeeeeee 63
Bromus hordeaceus (SOTt CRESS) ...cccvuiiiiiiieeiieee et e e e ere e e 64
Calystegia purpurata (MOINING ZLOTY)..cc.eeruiiriiriiniiiiiiieteeet ettt 59
Calystegia soldanella (beach MOINING ZlOTY)...c..cooviiiiriiiiiniiriiceee e 68
Carduus pycnocephalus (Italian thistle) ..........cociiiiiiiiiiiiiiieeee e 68
Carex obnupta (SIoUZh SEAZE) ...c.eeiiiiiiiiiiiie et 45
Carpobrotus edulis (ICEPIANL) ........coouiriiiiiiiriee ettt et 71
Chenopodium macrospermum (largeseed g00SEfO0t)......ccueriiririiiriiiiiiiiniiirceceeceeeae 68
Chlorogalum pomeridianum (SOAP PlANt) ......cccueriiriiiiiiriirieiereeeeeeeeete e 56
Cirsium quercetorum (Brownie thiStle)...........coooiiriiiiiiiiiiie e 68
Cirsium vulgare (DUll thiStIE) .........ooouiiiiiiii e 68
Clinopodium douglasii (Yerba BUENA).........c.coueriiiriiriiriiieniene ettt 38
Conium maculatum (poison hemlock) ..........ccoiiiiiiiiiii e 71
Corethrogyne filaginifolia var. filaginifolia (common Sandaster)............coceevervuereenensienieenennens 38
Cortaderia jubata (JUDALA GIASS) ......c.ceuiruieriirieriiiieeitenieete sttt ettt sttt sbe et et saeenaesanens 61
Cotula coronopifolia (Drass DULONS) .....c..ccoueriiriiiriiriinieientene ettt 72
Cyperus eragrostis (1all CYPETUS) .......eouuiruiiriiriiriiiieeiereee ettt ettt 45
Danthonia californica (California 0at@rass) .........cecereererierieneeienienienee ettt sreeaees 33
Delairea 0dorata (CAPE TVY)...eeuueerueeeiieiie ettt e ette et ettt e st e e bt e st e e beesseeebeesaeeesbeessseeseesnseens 72
Dipsacus fullonum (FUller's t€aSEL).......ccueiiuiiiiiiiieiieeiee et 73
Distichlis SPIicata (SAILZTASS) ......eeiuiieiieiieetieee ettt ettt ettt e et e st e et e st e ebeesabeeaeesneeens 34



Dudleya farinosa (BIUTT 1EHUCE).......c.eoiiiiiiiiii e 55

Ehrharta erecta (panic VEIALZIASS) .....ccuueiiiiiiiiiiieiieeie ettt ettt et e 61
Eleocharis macrostachya (creeping SPiKe TUSh) .......cccoeviiiiiiiiiiiiiieee e 48
Elymus glaucus (bIue Wild TY€).....coiuiiiiiiiiiiiiiie ettt et 35
Elymus triticoides (beardless Wild 1Y) .......cocuiiiiiiiiiiiieiiee e 36
Epilobium canum (California fuchsia)........ccceeiiiiiiiiiiiiiei e 38
Epilobium ciliatum ssp. watsonii (Watson's willowherb)..........coccoooiiiiiiiiiii 38
Erigeron canadensis (NOTSEWEE)........c.eevuiiiuiiiiieiieiie ettt ettt et st 38
Erigeron glaucus (S€aside daISY) .....c.ceouiiiiiiiieiiieiit ettt ettt et 55
Eriogonum latifolium (coast BUCKWREAt).........cccoiiiiiiiiiii e 40
Eriophyllum staechadifolium (1izard tail) ............oooooiiiiiiiiiii e 57
Erodium botrys (big heron's DIll) ........ocooiiiiiiii e 74
Festuca californica (California feSCUE) ........c.eeiiiiiiiiiieiiee e 31
Festuca myuros (rattail SIXWEEK GIaSS)......ueeiuieiiiiiiiiiiieiieeiie ettt ettt ettt et s 64
Festuca perennis (Itallan 1Y€ GIaSS) ....c.eoovuieiuieiiiiiieiieeiieee ettt ettt ettt e ene e 65
Festuca rubra (T8 fESCUEC) .......ccciii ettt e e aae e s e e e aaeeereeesans 31
Foeniculum vulgare (NN ).........cocuiiiiiiiiiie et e 75
Frankenia salina (alkali heath)...........cccccviiiiiiioiiii e 45
Fragaria chiloensis (beach StrawbeITY) .......cocuiiiuiiiiiiiiiiiieie ettt 57
Genista monspessulana (French broom) ...........c.ooiiiiiiiiiiiiiie e 76
Gnaphalium palustre (western marsh cudweed) .........coceoirieriiiiniiiiieees 43
Grindelia stricta (COaSt GUMWEEA) ......ccueeiuiiiiieiiieiieiie ettt ettt ettt ettt e s beeseeeseesaeeens 55
Heliotropium curassavicum var. oculatum (seaside heliotrope).........ccoeceerieiieniiiiieniieiee, 44
Helminthotheca echioides (bristly OX-tONZUE)........cceeruiiriieiiieniieiiesie ettt ens 76
Hesperocyparis macrocarpa (MONLETEY CYPIESS)....eerueerreerurerrieriieaieesieesreeneeesteesseesnseesseessseensens 84



Holcus 1anatis (VEIVEL GIASS) .....coiuiiiiieiiieiieeiie ettt ettt ettt ettt e et et e et e st e esbeesnbeeseesneeens 66

Hordeum brachyantherum (meadow Darley).........cccoiiiiiiiiiiiiiiieiee et 37
Hordeum murinum ssp. leporinum (foxtail barley) ..........ccooooiiiiiiiniiiiie e, 66
Horkelia californica var. californica (California horkelia) ............cocooeiiiniiinininiiceee. 38
Isolepis cernua (10W DUITUSI) ......ooouiiiiiiiii e e e 48
Jaumea carnosa (MArsh JAUMEA) .........ccuiiiiiiiiiiiieie ettt et e teeaee e ens 46
Juncus balticus (DaltiC TUSH) .......ooiiiiiiii ettt e 46
Juncus effusus (DOZ TUSI) .....couiiiiiiiiiiii et 46
Juncus mexicanus (MeXICaN TUSH) .......ocuiiiiiiiiiiie et 49
Juncus patens (COMMON TUSKN) ....oouiiiiiiiiiiiiiiie ettt et e st e eaeesaeeens 49
Juncus phaeocephalus (brown-headed rush) ..........ccoceeiiriiiiiiiiiinieen 50
Lupinus arboreus (Yellow bush TUPINe) .......coouiiiiiiiiiiiiiii e 38
Lupinus bicolor (Miniature TUPINE) .........coevuiiiiiiiiiiiieiiese ettt et e ens 38
Malva nicaeensis (DUl MAIIOW) ......ccouviiiiiiiiiiicce e e e 46
Marah fabaceus (California Man-ro0Ot)..........cceeiuieriiiiiieiiieiie ettt ens 46
Matricaria discoidea (PINEAPPIE WEEA) .......eevuiieiiiiiiiiieie et 77
Medicago polymorpha (DUL CIOVET ) ....cc.eiiiiiiiiiiieiie ettt ettt e ens 77
Melica torreyana (TOTTEY'S TNEIICA) .....ocueiiiiiiiieiieie ettt e 31
Mimulus aurantiacus (sticky monkey flOWer) .........coooiiiiiiiiiiiiieee e 58
Mimulus guttatus (seep MONKEY TIOWET)......cooiiiiiiiiiiiiiiii e 38
Mpyrica californica (California wax myrtle) ......c.cocerieririiiiinieineeeeee e 46
Oenanthe sarmentosa (Water PAISIEY) .......ccceviiruieiiiriiriie ettt 46
OXaliS PES-CAPFAE (SOUTZIASS)....vveuveeurinueenieetenitentteteeite st etesttesteetesaeesbeetesste bt estesaeenbeeasesaeenseennes 78
Plantago coronopus (cut leaf plantain)...........cooceeiiiiiiiiiiiiiiiiieeee e 78
Plantago lanceolate (English plantain) ..........c.coooiiiiiiiiiiiiiiiecieeee e 79



Plantago maritime (Pacific seaside plantain) ...........ccccoeviiiiiiiieniiieniece e 46

Polypogon monspeliensis (rabbit’s fOOt Grass) .......ceevuierieiiiiiiieiiieie e 67
Potentilla anserina ssp. pacifica (Pacific silverweed).........ccoooeeriieiiiniiiiiieiiieeeeeeee 46
Prunella vulgaris (SEITNEal) ..........cooiiiiiiiie et 41
Pseudognaphalium californicum (1adies' tobaCCO) .......cccueeviiiiiiiiiiieieeeee e 38
Pseudognaphalium luteoalbum (Jersey cudWeed)..........cocuevieririiniiiiiniinicrieeeeseceeeesee e 79
Ranunculus californicus (California buttercup).......coceeveeiereereniinieiieieneeeseeseeeeeee e 40
Raphanus sativus (Wild 1adish) ..........cooiiiiiiiii e 80
Ribes divaricatum (Spreading O0OSEDEITY) .....cevuvieiiiiriieiieiieeriie st eite et etee sttt e e e beesieeebee e 46
Ribes sanguineum (flOWETING CUITANT) ........eeruiiiiiiiiiiiiieiie ettt ettt ee b e saeeenee e 38
Rosa californica (California Wild T0S€) ......cocueeiiiiiiiiiiieiiee e 46
Rubus armeniacus (Himalayan blackberry).........cooceoiiiriiiiiiiiiiiieeeeee e 81
Rubus ursinus (California blackberry)......c.oooieiiiiiiiiiiie e 52
Rumex conglomerates (clustered dOCk) ........c.ooiuiiiiiiiiiiiii e 82
Rumex crassus (Willow-1€aved doCK) ........cooviieiiiiiiiicce e 46
Rumex crispus (curly-leaved doCk ).......ooouiiiiiiiiiii e 82
Salicornia pacifica (PICKIEWEEA) ......c.eovuiriiriiiiiiiniecie et 53
Sambucus nigra (black elderberry) .......ccooviiiiiiiiiiiiiii e 68
Sambucus racemosa var. racemosa (Pacific red elderberry)........cocceeveeriiiiiiniiinienieeeieeee, 38
Sanicula arctopoides (fOOtStEPS OF SPIINE) ..cveeuveruiiriiiiiiiiiiieiee et 38
Sanicula crassicaulis (Pacific SANICIE)........ccuiiiiiiiiiiiiiiiee e 38
Schoenoplectus americanus (SQUAre bulrush) .........c.ccooiiiiiiiiiiiiniiee 45
Schoenoplectus californicus (southern bulrush) ... 45
Scrophularia californica (b Plant)..........ccoeiviriiriiiiiienee e 41
Sidalcea malviflora (checkerbloom)..........cociiiiiiiiiii e 31
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Sisyrinchium bellum (western blue-eyed Grass).........ccccevierieriirieniiiiinieneeeeeeneee e 42

Sonchus asper ssp. asper (SOW thiStle) ........coceeviiiiriiiiiii e 83
Spergularia macrotheca (Sticky Sand SPUITY) .....coueruiiriiriiniiiiinierieeieneese ettt 38
Stachys bullata (California hedge nettle)........cccooviiriiiiiiiiiiiiiie e 38
Stipa lepida (foothill needle Srass) ........cceeviriiriiiiiiiieeitee et 31
Stipa pulchra (purple NEEAIEZIASS) .......oouiriiriiiiiiiiriie et 37
Suaeda nigra (bush SEEPWEE) ......c..oruiiriiiiiiiiiietere et 38
Symphyotrichum chilense (California aster) ...........coceeverierieiiirienieeneeee e 43
TAraxia OVALA (SUNCUPS) ..eeuveeeieieteieeeieeeteesiteeteesteeeteestteeaseesseeeaseastesnseesseesnseaseesnseeseesnseenseennns 38
Toxicodendron diversilobum (POISON 0AK) ........c.eeviiiiiieiiiiiieiie et 44
Toxicoscordion fremontii (Fremont's star lily) .........ccccooiiiiiiiiiiiiie e 38
Typha latifolia (COMMON CAEATL) ...oouuiiiiiiiiiiiii e 53
Urtica dioica ssp. gracilis (California Nettle) .........c.ccooeriiiiiiiiniiniiiiniceeececsece e 54
Urtica dioica ssp. holosericea (h0ary NEttle)..........coceevviriiriiiiiniiiiiiiieeeeece e 54
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Botanical Terminology

All terminology definitions were adapted from the Jepson “Glossary” (Baldwin et al., 2012 pp.
17-34) and Plant identification terminology: An illustrated glossary (Harris and Harris, 1994).

Habits

Annual: living one year or less, the plant grows, blooms, spreads its seed/pollen, then dies
within one year.

Perennial: living three years or more, with a repeated life cycle of blooming and spreading
seed/pollen. Perennials often “die back™ at given times such as winter and reemerge with new
growth in the spring.

Biennial: a plant lasting for two years or occurring every two years

Herb: a plant with little to no above ground perennial woody tissue.

Shrub: a woody perennial plant of low stature typically with one to many relativity slender
trunks near the base.

Sub-shrub: a plant having the stature of a shrub but that is not completely woody. The lower
stems are woody, upper portions are herbaceous and often die at the end of each season.

Stem conditions:

Decumbent: stems lie on ground but with their ends turned up
Erect: upright stem
Ascendant: erect except near base

Prostrate: lying on the ground

Root types:

Fibrous roots: roots are all about the same size, none is clearly dominant
Tap root: one root is clearly dominant over all other roots

Rhizome: horizontal perennial underground stem such that new shoots are borne underground
and emerge above ground.

12



Leaf parts

Copyright 2011-2012, Norbeck Kids. Black Hills University
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Stem features

Copyright 1998 The University of Arizona
Node: the position on the stem where a leaf is or was attached
Internode: the space between two nodes (growth)

Leaf axil: the angle between a node and the stem

Axillary bud: a lateral bud that forms in a leaf axil that will give rise to new growth such as a
flower.
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STIPULE

Copyright 1998 The University of Arizona

Stipule: a small leaf like appendage to a leaf, typically borne in pairs at the base of the leaf stalk.
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Leaf arrangements

Simple: not divided or branched.
Compound: leaf is divided into two or more leaflets

A good way to tell if you are seeing leaves or leaflets is to look for an axillary bud at the base of
the leaf near the stem or rachis is a bud is present you have a leaf if not you have a leaflet.

Copyright 1995 Cactus Art

Petiolule: the attachment of a leaflet to a branch and branch to stem
Pinna/leaflet: the little leaf that makes up the larger leaf
Pinnula: the leaflet of a leaflet (in doubly compound leaves)

Rachis: central axis where leaflets are borne from
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Alternate: placed alternately on the two sides of the stem, only one leaf per node

Opposite: arising in opposed pairs, two leafs borne from the same node

Copyright Elizabeth Garvey and Richard Lathrop 2011, based on General Ecology (1979)

Copyright Fifty Trees of Indiana, Purdue University, Department of Forestry and Conservation

Whorled: a set of leaves, flowers, or branches springing from the stem at the same level and
encircling it.

Copyright 2009 Maine Volunteer Lake Monitoring Program
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Leaf shape

Copyright © 2004-2013 Florida Center for Instructional Technology.

Ternate/trifoliate:

Palmate:

Lobed:

Divided:
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Leaf margins:
-the sides of the leaf

Entire: smooth
Dentate: with teeth directed at right angles to the margin
Lobed: large rounded projections

Serrate: with teeth pointing forward

Copyright 1998 Clemson University

Venation of leaves

Pinnate: prominent midvein with parallel or primary veins arising from the midvein
Palmate: major veins radiate from a common point, no obvious midvein

Parallel: several to many veins extend side by side (characteristic of many monocots)

Copyright 1999 Rutgers University
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Flower parts:

Copyright 2012 Enchanted Learning

Corolla: comprises all the petals, often colored: may be fused into a ring or tube

Calyx: comprises all the sepals of a flower, sepals form the outermost whorl of a flower, sepals
are often green and may be separate or fused into a cup

Flowers typically have four whorls: calyx, corolla, androecium, and gynoecium
Androecium: comprises all the stamens (pollen producing structures) of a flower

Gynoecium: comprises all the pistils (pollen receiving and ovule producing) parts of a flower
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Corolla Shape:
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Symmetry

Radial: petals of all equal size and shape and are equally spaced around axis of flower. Corolla
will produce a mirror image by drawing a line from the tip of any petal though the middle of the
flower.

Bilateral symmetry: petals are not all equal in size or distribution around floral axis. Only a line
drawn vertically through the center can produce a mirror image.

Asymmetric: petals have no symmetry

Copyright 2010 Enchanted Learning
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Inflorescence: describes how flowers are arranged on a given plant

Copyright 1998 Clemson University
Cyme: a determinate inflorescence with the oldest flower at the apex (center).

Raceme: elongate indeterminate (no definite end) of flowers attached by pedicle on an
unbranched rachis (axis), the flowers come directly off the main axis, no additional branching

Compound raceme: the flowers are formed on shoots that extend from a central axis much like
a compound leaf

Corymb: a flat topped or rounded inflorescence in which pedicels (flower attachment to stem)
arise from different points along the stalk

Umbel: a flat topped or rounded inflorescence in which all pedicels arise from a single point on
stem.

Compound umbel: a group of flowers arise from multiple secondary stems arising from a main
point on the stem

Spike: elongate inflorescence with no pedicles
Panicle: an elongate inflorescence with branched stalks arising from the main stem

Head: a dense rounded inflorescence of flowers (sunflower)
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Grasses

All images Copyright 2013 Oregon State University

All grasses are in the family Poaceae. It is a diverse and widely distributed group of plants.
Grasses are primary species in many ecosystems and compose nearly half of the earth’s land
surface.

Growth Habit:
Bunchy Creeping/Spreading

Stems: Terminology of stem types depends on whether the stem is erect or repent (growing
horizontal to the ground). Erect stems are termed culms. The stem may not elongate until late in
seasonal development or not at all. The culm is jointed with elongated sections, termed stolons
and rhizomes, which are specialized stems that send out roots and shoots from their nodes.
Rhizomes are usually found under the ground, and stolons, along the soil surface.

25



Internodes: Culms can have three basic shapes; flat, elliptical, or round. Internodes join at the
nodes which manifest as a swollen junction. In most grass species, stems are hollow, except
where leaves attach to the stem (joints or nodes).

Overall stem shapes

Leaves: The grass leaf is made up of two basic parts, the blade and the sheath. Blades arise
alternately on the culm and the sheath wraps around the culm allowing for leaf attachment. They
are 2-ranked, arising alternately on the culm and blades while normally linear, vary in shape. The
collar region is the juncture of the sheath and the blade. Auricles are projections that may extend
from the lower edge of the leaf blade. The ligule is a collar-like projection of the sheath at the
base of the blade; ligules vary and are thus an excellent tool for identification especially before
the grass has bloomed.
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Collar: The collar marks the junction between the blade and the outer sheath on the outside of
the leaf. It consists of the leaf blade, sheath, ligule, and auricles. These parts vary in appearance
according to plant species, and therefore are used in identification.

Roots: Grasses typically have a fibrous root system. The primary root is usually short-lived, and
the secondary roots arising from the lower portion of the culm (grass stem) form most of the root
system.
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Grass flower heads: Above the uppermost leaf on the culm is the inflorescence. While flower
parts such as stamens and pistils exist they are often too small to see without dissection and a
microscope thus spikelet arrangement becomes more useful for identification.

Spikelets: The central axis of the spikelet is the rachilla to which spikelet parts are attached.
Attached to the lower most portion of the spikelet are two sterile bracts called glumes. Above the
glumes on the rachilla may be one or more florets. A floret consists of two bracts, the lemma and
the palea, which enclose the grass flower.

Characteristics of the glumes, lemma, and palea are used for identification. On the lemma
usually exists an extended thin growth called the awn
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Different flowering head structures can be distinguished by the presence or absence of branching
along the flower stem (main axis) and the presence or absence of stalks beneath the spikelets.
The three basic arrangements in grasses are spike, raceme, and panicle flower heads.

Spikelet with one floret Spikelet with several florets
Spike Raceme Panicle
Main axis does not branch. Main axis does not branch. Main axis branches.
Spikelets are stalk-less. Spikelets are stalked. Spikelets are stalked.
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Plant Descriptions by Habitat

There are five main habitat types at YLR: grasslands, scrub, wetlands, beach, and bluff
scrub. Each habitat is defined by the plant species living there. Naomi Stern describes the plant
habitats in detail in “Habitat Types of Younger Lagoon” (Stern, 2012). To familiarize oneself
with plant genera and species it can be helpful to recognize the common habitats where a given
plant is found. The following guide has a list of all the plants found in each habitat (Brown,
2013). After the list of plants are more detailed descriptions and photos of the most common
plants you will encounter. The last section, Exotics of YLR, lists the exotic grasses, forbs, and
trees found at YLR. Exotics are not restricted to one habitat but are often more prevalent in
some over others. After each name you will see the common places where the exotic plant is
found. All the descriptions have been adapted from “The Jepson manual: vascular plants of
California, second edition” (Baldwin et al., 2012) and “The Plants of the San Francisco Bay

Region” (Beidleman and Kozloff, 2003).
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Grassland
Common name

seashore bent grass
California brome
California oatgrass
saltgrass

blue wild rye
beardless wild rye
California fescue
red fescue
meadow barley
Torrey's melica
foothill needle grass
purple needlegrass
checkerbloom

Scientific Name

Agrostis pallens

Bromus carinatus var. carinatus
Danthonia californica
Distichlis spicata

Elymus glaucus

Elymus triticoides
Festuca californica
Festuca rubra

Hordeum brachyantherum
Melica torreyana

Stipa lepida

Stipa pulchra

Sidalcea malviflora
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Picture

Description (family)

Bromus carinatus

© 2005 Steve Matson

© 2005 Steve Matson

© 2010 Neal Kramer

Bromus carinatus (Poaceae)

is an annual bunchgrass growing in clumps
0.5 to 1.5 meters tall. The inflorescence is a
spreading or drooping array of flat
spikelets longer than they are wide.

The roots of Bromus carinatus are fibrous.
Young plants are erect, but older stems
grow along the ground (decumbent). Stems
are robust with fused hairy sheaths. The
ligules are truncated. Leaf blades are 0.5 to
1 cm wide, 15 to 30 cm long, and pointed.

Can be confused with: Bromus catharticus
to differentiate note that the spikelets in B.
carinatus come off of the central axis in a
bunch, like an umbel. The spikelets in B.
catharticus are attached to long stems
coming off of the main axis and have a
distinct branching pattern, like a tree
branches (longer branches on “bottom” of
inflorescence and shorter branches on the
“top” of the inflorescence).
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© 2011 Hattie Brown

© 2010 Aaron Arthur

© 2007 Steve Matson

Danthonia californica (Poaceae)

is a perennial bunch grass. Its stems
(culms) grow 30-100 cm tall and separate
at the lower-nodes (joints). The leaf sheaths
are smooth to densely hairy. There are
basal leaves and leaves attached to the
stem. The upper blades are about 8-25 cm
long. The ligule is less than 1 mm and
fringed with small straight hairs. The
inflorescence is 2-6 cm long at the top of
the stem. The spikelets are broadly
spreading like a tree. Here are two main
awns that protrude from the outermost
glumes of the spikelet.

Can be confused with: Avena barbata to
differentiate notice that the awns of Avena
barbata are much longer that Danthonia
californica and the spikelets of Danthonia
californica are much smaller. Also the
ligules of Danthonia californica are hairy
where as the ligules of Avena barbata are
not.
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© 1999 California Academy of Sciences

© 2001 Alison M. Sheehey

Distichlis spicata (Poaceae)

is an annual low-growing sodgrass (sod or
turf is grass and the part of the soil beneath
it held together by the roots). The stems
grow 10-40 cm tall, with tough, scaly
rhizomes and rigid stems. It starts growth
in the early summer, and has a slow growth
rate. It remains green until fall and
reproduction is mostly from rhizomes.

Seedhead: contracted, dense panicle,
yellowish at maturity; spikelets flattened,
awnless, produces 8 to 15 florets.

The leaves are stiff blades, flattened at
base, sharp pointed, and coarse. The leaves
are spread alternately all the way up the
stem. The collar is hairy and the ligule has
a fringe of short hairs
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© 2006 Laura Ann Eliassen

© 2012 Aaron Arthur

© 2005 Steve Matson

Elymus glaucus (Poaceae)

is a perennial bunch grass growing in
small, narrow tufts of several erect stems
which grow from 50-150 cm tall. It has a
thick fibrous root system, sometimes with
rhizomes Stems are erect and the leaf
sheath is smooth. The leaf blades are 1-2
cm wide and linear with pointed tips. Leaf
blade margins are slightly folded and
glabrous (no hair). The ligule is un-fringed
(no hair) auricles are present (see picture)
and clasp the stem on both sides but do not
meet. The inflorescence is a dense spike.

Can be confused with: Elymus triticoides
which has shorter awns than Elymus
glaucus. It can also be confused with
Festuca perennis at maturity because they
both have a “zipper” like look due to the
spikelets alternating on each side of the
rachis. However, in E. glaucus the node
where the leaf attaches to the stem has a
unique purplish base (see picture).
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© 2006 Laura Ann Eliassen

© 2010 Zoya Akulova

Elymus triticoides (Poaceae)

is a perennial, growing 45-130 cm tall and
has dense rhizomes. Stems are usually
smooth, but are occasionally hairy. Leaf
blades are green to blue-green, stiff and flat
early in the growth season, becoming rolled
later in the year. Leaf blades are 2.5-4 mm
wide and the spike of spikelets is 5-20 mm
long at the top of the stem, there are
usually 2 spikelets per node.

Can be confused with: Elymus glaucus
which has longer awns. It can also be
confused with Festuca perennis at maturity
because they both have a “zipper” like look
due to the spikelets alternating on each side
of the central inflorescence axis. However,
in E. triticoides the spikelets themselves
the florets are not as tightly packed.
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© 2004 Steve Matson

Hordeum brachyantherum (Poaceae)

is a perennial grass with erect hairless
stems that are usually 30-60 mm tall.

The leaves are pointed and are harsh to the
touch. The leaves are about 15 cm long and
2-5 mm wide

The inflorescence is a soft, slender spike
ranging in color from green to a brownish-
purple it is usually 4-7 cm long

The roots of Hordeum brachyantherum are
usually fibrous and reproduction does not
occur through rhizomes

© 2013 Clint Scheuerman

Stipa pulchra (Poaceae)

is a densely tufted perennial bunch grass
and is easily recognized by its long-awned
spikelets. The stems are smooth and
upright growing. Stipa pulchra has
smooth, upright stems growing from 30-60
cm tall.

The narrow leaf blades are flat and smooth
below, but slightly hairy with rolled in
margins above. The spikelets first appear in
a dense, narrow, dark purple-brown panicle
(branched)

In Stipa pulchra there are three long (3-5
cm) awns.

As the inflorescence matures the awns
spread open so that they are widely and
equally separated the color also changes
from purple to a pale straw color.
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Coastal Scrub

Common name

yarrow

pearly everlasting
mugwort

coyote brush
brownie thistle
yerba buena
common sandaster
California buttercup
California fuchsia
coast buckwheat
California horkelia
yellow bush lupine
miniature lupine
seep monkey flower
seltheal

ladies' tobacco
flowering currant
footsteps of spring
Pacific sanicle
black elderberry
bee plant

western blue-eyed grass

sticky sand spurry

California hedge nettle

bush seepweed
California aster
suncups

poison oak
Fremont's star lily

Scientific Name

Achillea millefolium

Anaphalis margaritacea
Artemisia douglasiana
Baccharis pilularis

Cirsium quercetorum
Clinopodium douglasii
Corethrogyne filaginifolia var. filaginifolia
Ranunculus californicus
Epilobium canum

Eriogonum latifolium

Horkelia californica var. californica
Lupinus arboreus

Lupinus bicolor

Mimulus guttatus

Prunella vulgaris*
Pseudognaphalium californicum
Ribes sanguineum

Sanicula arctopoides

Sanicula crassicaulis*
Sambucus nigra

Scrophularia californica®**
Sisyrinchium bellum***
Spergularia macrotheca™****
Stachys bullata

Suaeda nigra***
Symphyotrichum chilense®****
Taraxia ovate

Toxicodendron diversilobum™
Toxicoscordion fremontii

*also occurs in grassland

** also occurs in coastal scrub
***3lso occurs in wetland
****also occurs in bluff
*****also occurs in bluff scrub
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Picture

Description (Family)

© 2001 Steven Thorsted

Achillea millefolium (Asteraceae)

it grows up to 7-12cm tall and has no branches
except near the top. The leaves are alternate
with many leaflets on each side of the midrib
and these are further divided into smaller
leaflets, giving them a delicate, fernlike, and
lacy appearance. Flower heads are arranged in
large, compact clusters at the top of the stem,
each cluster consisting of 1 or more flower
heads. The flower head has 20-25 yellowish-
white flowers. Achillea millefolium is a
widespread plant in the temperate and boreal
regions of the northern hemisphere.

© 1995 Saint Mary's College of California

© 2010 Michael O'Brien

Baccharis pilularis (Asteraceae)

The Baccharis pilularis shrub is generally
smaller than 3 meters in height. The stems are
prostrate to erect with branches spreading or
ascending. The leaves are 8—55 millimeters
long and are entire to toothed and oblanceolate
to obovate, with three principal veins. The
lower stems are often leafless.

Flowers are not prominent.
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© 2002 Julie Kierstead Nelson

© 1995 Saint Mary's College of California

Ranunculus californicus (Ranunculaceae)

is a perennial growing up to 70 cm in height.
The bright yellow flower has multiple petals
and stamens and is roughly 1-2cm in diameter.
Each flower grows on a long, green, leafless
stem. The leaves are formed in a basal rosette
with lobed leaves suggesting parts in threes.

© 1983 Gary A. Monroe

Eriogonum latifolium (Polygonaceae)

is a perennial herb. Its height is variable in
size and is dependent in part on its degree of
exposure to the maritime winds of its habitat. It
may be quite small or sprawl to a maximum
height of 70 cm. Its pale white-green leaves are
oval, woolly, and sometimes waxy, and are
mostly basal but extend a ways up the erect
stem if there is one. At the end of each branch
is a cluster of pinkish flowers
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© 1995 Saint Mary's College of California

Prunella vulgaris (Lamiaceae)

Is a perennial herb and grows 5 to 30 cm tall. It
has creeping, self-rooting, tough, and square,
reddish stems branching at the leaf axis.

The leaves are lance shaped, serrated, and
reddish at tip. The leaves are about 2.5 cm long
and 1.5 cm wide, and grow in opposite pairs
down the square stem. The stalks of the leaves
are generally short, but can be up to 5 cm.

The flowers grow from whorled cluster; The
flowers are two lipped and tubular. The top lip
is a purple hood, and the bottom lip is often
white.

© 1995 Saint Mary's College of California

© 2002 Lynn Watson

Scrophularia californica (Scrophulariaceae)

is a 0.5-1.5-m foot shrub with spikes of red
flowers. The leaves are triangular with dentate
edges. The leaves are mostly in a basal rosette.
The flowers are small and red and branch off
the main inflorescence stalk in a raceme.
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© 2003 Steve Matson

© 2000 California Academy of Sciences

Sisyrinchium bellum (Iridaceae)

is a perennial herb. The flowers form at the
ends of branching stalks which are about the
same height as the leaves. Each flower is up to
3 cm in diameter, with petals ranging from
deep blue to light purple to white in color. The
center of the flower is yellow. The leaves are
thin and grass-like, the leaves are green to
blue-green in color and mostly found at the
base of the plant.
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© 2009 Neal Kramer

© 2009 Neal Kramer

Symphyotrichum chilense (Asteraceae)

is a perennial herb. The stems are 1-5 cm tall
and erect with small hairs. The leaves are thin
and entire. The leaf faces are slightly hairy and
are lanceolate shaped. The flowers resemble a
large daisy with white to purple ray florets
(petals). The flowers are borne off the main
stem in cyme branches.
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© 2002 Charles E. Jones

© 1995 Saint Mary's College of California

Toxicodendron diversilobum (Anacardiaceae)

can range from a small vine to a bush. It has
clusters of three, alternating, oval-shaped,
pointed leaflets. The full grown leaves are dark
green and usually hairy, but vary in size and
shape they are shiny above and pale
underneath. They can be 3-8cm long with lobes
or coarse-teeth on the edges. They first come
out of a bud and are orange colored and
downy; they turn yellow or orange in fall.
Poison oak flowers in June & July with yellow/
green flowers.
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Wetland
Common name

alkali bulrush
seacoast bulrush
slough sedge

tall cyperus

creeping spike rush
low bulrush

baltic rush

bog rush

Mexican rush
common rush
brown-headed rush
square bulrush
southern bulrush
fathen saltweed
marsh baccharis
Watson's willowherb
horseweed

alkali heath

western marsh cudweed

Scientific Name

Bolboschoenus maritimus */**
Bolboschoenus robustus
Carex obnupta

Cyperus eragrostis

Eleocharis macrostachya
Isolepis cernua(scrub)

Juncus balticus */**

Juncus effuses **

Juncus mexicanus **

Juncus patens **

Juncus phaeocephalus **
Schoenoplectus americanus
Schoenoplectus californicus
Atriplex patula

Baccharis glutinosa(scrub)
Epilobium ciliatum ssp. watsonii**
Erigeron canadensis
Frankenia salina *****
Gnaphalium palustre */**

seaside heliotrope Heliotropium curassavicum var.oculatum **

*also occurs in grassland

** also occurs in coastal scrub
***also occurs in wetland
****also occurs in bluff
*****also occurs in bluff scrub
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Common name

marsh jaumea
California man-root
California wax myrtle
water parsley

Pacific seaside plantain
Pacific silverweed
spreading gooseberry
California wild rose
California blackberry
willow-leaved dock
pickleweed

Pacific red elderberry
common cattail
California nettle
hoary nettle

Scientific name

Jaumea carnosa*

Marah fabaceus™*

Myrica californica™*/****
Oenanthe sarmentosa

Plantago maritime**

Potentilla anserina ssp. pacifica
Ribes divaricatum™**

Rosa californica**

Rubus ursinus**

Rumex crassus

Salicornia pacifica

Sambucus racemosa var. racemosa**
Typha latifolia

Urtica dioica ssp. gracilis

Urtica dioica ssp. Holosericea™/**

*also occurs in grassland

** also occurs in coastal scrub
***3lso occurs in wetland
****also occurs in bluff
*****also occurs in bluff scrub
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Picture

Description (family)

© 2006 Luigi Rignanese

© 2006 Luigi Rignanese

Bolboschoenus maritimus (Cyperaceae)

is a thizomatous (with horizontal stems below
ground) perennial reaching 1.2 m in height. It
has triangular stems that are sheathed by
emerald green, serrated leaves. Each individual
plant grows from a corm and then puts out a
horizontal rhizome from which the next plant
grows. In this way the plant can quickly form
dense stands. Flower stems rise above the
leaves with golden brown, spikelets clustered
just below their tips.
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© 2003 Steve Matson

© 2003 Steve Matson

Eleocharis macrostachya (Cyperaceae)

is a rhizomatous perennial generally reaching a
height between 0.5 and 1 meter. It has bright
green erect stems and straw-colored basal
leaves.

The top of each stem is occupied by a narrow,
lance-shaped, or cylindrical inflorescence. The
spikelet is one or two centimeters long and has
at least ten flowers, each covered with a
purplish-brown bract.

© 2012 Vernon Smith

© 2010 Aaron Arthur

Isolepis cernua (Cyperaceae)

is a rhizomatous perennial with stems
generally reaching a height between 20-
200mm. It forms a dense, billowing, fountain-
like mound of finely textured, green stems.
New leaves emerge upright from the center of
the clump, then spill down the mound as they
elongate. The inflorescence is a ball like cone
of white flowers which turn brown with age.
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© 2007 Jason E. Willand

Juncus mexicanus (Juncaceae)

is a rhizomatous perennial. The thin erect
stems reach a height anywhere from 10 to 80
centimeters. The leaves grow from the base of
the stem and can exceed 20 centimeters in
length. The inflorescence usually sprouts from
the side of the stem rather than the tip.

© 2007 Neal Kramer

© 2003 Brent Miller

Juncus patens (Juncaceae)

is a rhizomatous perennial. The stems are thin,
gray-green, often somewhat waxy, and
grooved, and grow 30 to 90 centimeters in
maximum height. The inflorescence sprouts
from the side of the stem rather than its tip. It
holds many flowers, each of which has short,
narrow, pointed tepals (indistinguishable petal
and sepals). The fruit is a spherical red or
brown capsule which fills and bulges from the
dried flower remnants when mature.

Juncus patens can be distinguished from
Juncus mexicanus because J. patens has green-
grey stems and J. mexicanus has dark green
stems.
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© 1993 John Game

© 2011 Hattie Brown

© 2011 Eric Wrubel/NPS

Juncus phaeocephalus (Juncaceae)

is a rthizomatous perennial. Leaves go all the
way up the stem and are 2-4 mm wide. The
inflorescence is made up of 1-4 many-
flowered heads each 11-15 mm in diameter.
The heads have a reddish hue and look spiky.
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© 2005 David A. Tharp

© 2011 Zoya Akulova

Baccharis douglasii (Asteraceae)

is a rhizomatous perennial. Growing 60-210
cm in tall bunches. The stems are erect and
without hairs. The leaf blades are lanceolate
and 50-130mm long and 8-30 mm wide, the
leaf bases taper to the stem. The leaves extend
up the stem and droop after attaching to the
stem. The inflorescence is a terminal head
made up of multiple flowers to resemble
spiky/hairy white balls.
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Rubus ursinus (Rosaceae)

is a trailing and climbing berry bush. The
leaves are alternate and pinnately compound
(usually in 3 leaflets). The leaflets are ovate
and have serrated edges they range from 3-8cm
long. The stems have prickles. The stems are
round and green to red.

The flowers have 5 petals and are white to
pink. The berries are about 1.3 cm long.
Young stems are erect, but arch as they

© 1998 California Academy of Sciences lengthen, rapidly touching the ground and
rooting at the nodes.

To distinguish from Rubus armeniacus...
In Rubus armeniacus the flower petals are

bigger and have a crinkled look. The berries
and thorns are also bigger. It grows like a bush.

In Rubus ursinus the petals are not crinkled,
are smaller, and taper toward the base, you can
see the sepals easily when looking at the
flower top down. The berries and thorns are
small (berries about the size of a dime) and it
trails on the ground or grows like a vine and
less like a bush.

© 2001 Tony Morosco
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© 2012 Robert Sikora

Salicornia pacifica (Chenopodiaceae)

is an annual small shrub. It has multiple
branches and appears jointed. The stems are
green to red and fleshy. The inflorescence is a
terminal spike with flowers generally sunken
into the fleshy bracts of the stem.

Take a taste! It is very salty!

© 2004 Steve Matson

Typha latifolia (Typhaceae)

is a perennial, 1-3 m tall and un-branched,
consisting of six or more leaves and a
flowering stalk. This stalk is light green to
green, hairless, and stiff. The leaves are up to
17-20cm long and 3 cm wide. They are linear
and bluish grey, hairless and, flat. Some leaves
have a tendency to flop downward toward their
tips. Leaf venation is parallel. There is a
sheath at the base of each leaf.

The flowering stalk terminates in a spike of
dense flowers. It is narrowly cylindrical in
shape and light yellow to light brown.
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© 1998 California Academy of Sciences

©2006 Steve Matson

Urtica dioica ssp. holosericea (Urticaceae)

is an erect, herbaceous plant. Young leaves
and stems are covered with hairs. Stems are
mostly unbranched, and grow 1-2 meters tall.
Stems are slender and approximately square in
cross section. The leaves are opposite, with
saw-toothed margins. Leaves are broadly to
narrowly egg-shaped with a rounded or heart-
shaped base and a pointed tip. Pointed stipules
(small leaf-like appendages) occur at the base
of the leaf, but senesce (fall off) early. Flowers
are arranged in clusters on slender, branched
spikes formed in the leaf axils
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Bluff Scrub
Common name

sea pink

California sagebrush
beach sagewort
morning glory

soap plant

bluff lettuce

lizard tail

seaside daisy

beach strawberry
coast gumweed
sticky monkey flower

Scientific Name

Armeria maritima

Artemisia californica

Artemisia pycnocephala

Calystegia purpurata

Chlorogalum pomeridianum®/**

Dudleya farinosa
Eriophyllum staechadifolium

Erigeron glaucus

Fragaria chiloensis

Grindelia stricta**

Mimulus aurantiacus
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Picture

Description (family)

© 2002 Lynn Watson

© 2003 Margo Bors

Artemisia californica (Asteraceae)

is a perennial bush. The plant branches from
the base and grows out from there, becoming
rounded; it grows 1.5 to 2.5 meters tall. The
stems of the plant are slender, flexible. The
leaves range from one to 10 centimeters long
and are pinnately divided with 2—4 lobes less
than five centimeters long. Their leaves are
hairy and light green to gray in color; the
margins of the leaves curl under.

You can often distinguish it by smelling it. It
smells like the sage you cook with.

©2008 Keir Morse

© 2003 Vince Scheidt

Chlorogalum pomeridianum (Asparagaceae)

is a perennial that grows from a bulb, which is
brown. The leaves grow from the base of the
plant, and can be 20 to 70 cm long and 6 to 25
mm wide. The leaf edges are generally wavy,
though this is not always particularly
noticeable.

The flowers are borne on a long stem, normally
longer than the leaves, and are 15 to 30 mm
long. The six petals (actually only three of
them are petals in the technical sense; the other
three are sepals) are up to 35 mm long and
curving. They are typically white but have a
noticeable mid-vein which can be purple or
green in color. They open only in the late
afternoon or evening, remaining open during
the night but closing by the morning.
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© 2005 George W. Hartwell

© 2009 Larry Beckerman

Eriophyllum staechadifolium (Asteraceae)

is a perennial sub-shrub. The stems are erect
and the leaves are usually pinnately lobed with
edges curling under slightly. The leaves are
whitish green and wooly. The flowers are
yellow and clustered on an umbel heads

© 1998 California Academy of Sciences

Fragaria chiloensis (Rosaceae)

is a perennial herb. It spreads low across the
ground with runners that can send out roots on
their own. It grows to a maximum height of 25
cm.

The leaves are basal with 3 thick, strongly
veined, and toothed leaflets. The leaflets are
whitish gray on the bottom and dark green on
top. Each leaflet is 3-6 cm wide. The leaflets
form an overall shamrock shape The flowers
have 5-7 white petals on leafless stalks.

This is a strawberry plant!
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© 2003 BonTerra Consulting

© 2002 George Jackson

Mimulus aurantiacus (Phrymaceae)

is a perennial sub-shrub that grows up to 1.2
meters feet tall. It has deep green sticky leaves
3 to 7 cm long and up to a centimeter across.
The leaves are alternate up the stem, lanceolate
in shape and glossy on top. The flowering
stems grow vertically. The flowers are tubular
at the base and about 2 centimeters long with
five broad lobes; they occur in a variety of
shades from white to red, the most common
color being a light orange.
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Beach

Common name
yellow sand verbena
pink sand verbena
California sheepburr
beach bur

beach morning glory

Scientific Name

Abronia latifolia

Abronia umbellate**

Acaena pinnatifida var. californica
Ambrosia chamissonis **
Calystegia soldanella

*also occurs in grassland

** also occurs in coastal scrub
***also occurs in wetland
****also occurs in bluff
*****also occurs in bluff scrub
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Picture

Description (family)

© 1995 Saint Mary's College of California

Abronia latifolia (Nyctaginaceae)

is a perennial herb. It grows prostrate (lying on
the ground). It forms dense mats extending 8
cm across. The leaves are thick, rounded, and
3-5cm across. The flowers are yellow and
clustered. The flower has 5 petals and forms a
long slender tube 0.6-1.2 cm long with tips
folded wide open.

© 1995 Saint Mary's College of California

Abronia umbellate (Nyctaginaceae)

is a prostrate perennial with thick, succulent
leaves. The leaves are diamond-shaped. The
flowers are to purple with white centers.
Flowers occur in clusters subtended by 5-8
lanceolate bracts (little leaf like extensions on
each flower).

© 2004 Laura Ann Eliassen

Ambrosia chamissonis (Asteraceae)

is a large, sprawling perennial herb growing up
to 3 meters in width. The stems are roughly or
softly hairy and ridged. The plentiful leaves are
a few centimeters long, woolly and silver-
green, and variable in shape, they extend up the
stem opposite each other.

Flower heads occur at the tip of the
inflorescence.
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EXOTIC Grasses:
Common name
slender oat

rescue grass

ripgut brome

soft chess

jubata grass

panic veldtgrass
rattail sixweek grass
Italian rye grass
velvet grass

foxtail barley

rabbit’s foot grass

Scientific Name
Avena barbata*
Bromus catharticus*
Bromus diandrus*
Bromus hordeaceus*
Cortaderia jubata*
Ehrharta erecta*
Festuca myuros*
Festuca perennis*
Holcus lanatus*
Hordeum murinum ssp. leporinum*

Polypogon monspeliensis*

*occurs in grassland

** occurs in coastal scrub
***occurs in wetland
****occurs in bluff
*****occurs in bluff scrub

61



Picture

Name (Family)

© 2001 Steven Thorsted

© 2008 Zoya Akulova

Avena barbata (Poaceae)

is an erect, annual grass. The mature
plant grows to about 1.2 m tall. Stems are
hairless and leaves are flat, rolled in the
bud, and about 20 cm in length.

The leaf sheath is open and usually has a
hairless edge.

It has a tall, membranous ligule with a
rounded, jagged top.
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© 2009 Barry Rice

Bromus catharticus (Poaceae)

is an annual bunch grass. Stems are
usually < 1 m tall. The leaf sheath is
mostly closed, and smooth but can be
prickly. Leaf blades are linear, and 2-10
mm wide. The ligule is unfringed. The
inflorescence is terminal and spreads like
a branching tree there are about 2-10
inflorescences per branch.

2004 Carol W. Witham

© 2000 University of California

Bromus diandrus (Poaceae)

is an annual grass. Soft hairs cover the
blades and sheaths. There is a scalloped
ligule.

The open branching flower head
resembles that of oats. There are large
spikelets with needlelike awns that are
2.5-5 cm long and hang down off a main
branch.

Can be confused with: Stipa pulchra, B.
diandrus is very rough and spiky to the
touch while S. pulchra is softer, it also
only has one floret per spikelet where as
B. diandrus has multiple. S. pulchra has
very long purplish awns.
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© 2001 Julie Kierstead Nelson

Bromus hordeaceus (Poaceae)

is a widely distributed annual in
California.

Plants are 10-60 cm tall and are
distinguished by dense, soft hairs on
sheaths. Ligules are membranous. There
are no auricles.

The inflorescence is made up of soft
compact spikelets forming dense
flowering heads.

© 2012 Robert Steers/NPS

© 2013 Al Keuter

Festuca myuros (Poaceae)

is an annual bunch grass, the stems are
usually <Im tall. Leaves are mostly
cauline. The leaf sheath is mostly open
and smooth. The leaf blades are 2-10 mm
wide and slightly hairy. The ligule has a
fringed membrane. The inflorescence is
terminal, and is a slender spike with thin
individual spikes coming off of a main
axis.

To differentiate Festuca myuros from
Festuca perennis note that the spikelets
on Festuca myuros are thinner and more
delicate and while they do have the
alternate “zipper” like look they are closer
to the central axis than in Festuca
perennis .
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© 2013 Zoya Akulova

Festuca perennis (Poaceae)

is an upright annual grass.

It grows erect to about 0.9 m tall. Stems
grow singly or in clumps. Leaf blades are
flat, glossy, generally hairless, and range
from 6-25 cm long. Leaves range from
(3—10 mm) wide.

Ligules are membranous and can grow to
3 mm in length.

The inflorescence consists of small, stalk
less spikelets that are alternate to one
another along the main flowering stem
(like a zipper).
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© 2008 Keir Morse

Holcus lanatus (Poaceae)

is a perennial grass with has velvety grey-
green leaves. The shoots are round. The
bases of the shoots are white with pink
stripes or veins. The inflorescence is
robust and often tinged purple. The ligule
is 1-4 millimeters long, blunt, and hairy.

It spreads by developing new shoots and
roots at its nodes. Plants form a blanket of

runners on the soil surface.

Touch the stem it feels like velvet!

©2009 Keir Morse

©2001 Julie Kierstead Nelson

Hordeum murinum ssp. leporinum
(Poaceae)

is an annual invasive weed. The mature
plant can reach up to 1 m tall in height.
The stems are round, erect, and can reach
20 cm long.

The leaves are flat and covered with short
hairs. The spikelets are tightly arranged in
a large spike at the top of the stem. The
awns envelop the spikelets giving the
overall spike a hairy/spiky appearance.
The spike itself can range from 10-15cm
in height.
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© 2001 Steven Thorsted

Polypogon monspeliensis (Poaceae)

is an annual; culms solitary or bunched
ranging from 680 cm long. There is a
membranous ligule. The leaf blades are
5-20 cm long and 2—-8 mm wide. The leaf
blade is rough to the touch on the back
side and occasionally on the top as well.

The inflorescence is a dense panicle of
hairy spikelets and the entire panicle is
soft to the touch like a rabbit’s foot.
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EXOTIC Herbs and Shrubs:

Common name
scarlet pimpernel
fat-hen

common mustard
black mustard
Italian thistle
iceplant

bull thistle
largeseed goosefoot
poison hemlock
brass buttons
cape ivy

Fuller's teasel
big heron's bill
fennel

French broom
bristly ox-tongue
bull mallow
pineapple weed
bur clover
sourgrass

cut leaf plantain
English plantain
Jersey cudweed
wild radish

Himalayan blackberry

clustered dock
curly-leaved dock
sow thistle

Scientific Name

Anagallis arvensis®/**

Atriplex prostrate**

Brassica rapa**

Brassica nigra**

Carduus pycnocephalus™/**
Carpobrotus edulis*****
Cirsium vulgare®*/**
Chenopodium macrospermum™**
Conium maculatum™***

Cotula coronopifolia®**
Delairea odorata™**

Dipsacus fullonum™***

Erodium botrys*/**
Foeniculum vulgare™*/***
Genista monspessulana**
Helminthotheca echioides™/**
Malva nicaeensis™®/**
Matricaria discoidea™®**
Medicago polymorpha*/**
Oxalis pes-caprae™/**
Plantago coronopus™*/***
Plantago lanceolate™*/***
Pseudognaphalium luteoalbum™/**
Raphanus sativus™/**

Rubus armeniacus***

Rumex conglomerates™*/***
Rumex crispus™*/***

Sonchus asper ssp. Asper®*/***

*occurs in grassland

** occurs in coastal scrub
***occurs in wetland
****occurs in bluff
*****occurs in bluff scrub
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Picture

Name (Family)

© 1995 Saint Mary's College of California

© 1999 California Academy of Sciences

Anagallis arvensis (Myrsinaceae)

is a low-growing and spreading annual. It roots
at one main root and spreads out prostrate (flat
on the ground surface).

The stems are square. Leaves are oval to
football shaped with triangular tips, and
sometimes dotted with dark or purplish glands
on the lower surface. The leaves are fleshy
somewhat like a succulent. Leaves are usually
opposite to one another along the stem.

Flowers have five salmon-orange colored petals
and grow singly.
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Brassica rapa

© 1998 California Academy of Sciences

Brassica nigra

© 1999 California Academy of Sciences

Brassica rapa and Brassica nigra
(Brassicaceae)

are annual or biennial shrubs about 30-39 cm
tall. Plants are branched. The stems are gray-
green. Leaves are wavy on the edges and are
grey-green or blue-green, glaucous (whitish thin
layer on the top).

The upper stems terminate in racemes (bunches)
of bright yellow flowers. Each flower has 4
petals and 4 green sepals.
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©2000 California Academy of Sciences

Carpobrotus edulis (Aizoaceae)

is a ground-hugging succulent perennial that
roots at the nodes, has a creeping habit, and
often forms deep mats covering large areas. The
roots are hollow and fibrous. Roots are
produced at every node that is in contact with
the soil. The flowers are yellow or light pink
with many thin petals.

© 2001 CDFA

© 2004 California Academy of
Sciences

Conium maculatum (Apiaceae)

is a biennial herb with a smooth, purple-spotted
or lined, hollow stem. The taproot is solid and
looks like a parsnip. The leaves are large and
pinnately divided with small leaflets. The leaves
resemble edible parsley (they are in the same
family, Apiaceae)!

The flowers are small and arranged in an umbel.

71




© 2007 California Academy of Sciences

Cotula coronopifolia (Asteraceae)

sprawls in a mat and is prostrate, rooting at
nodes. The leaves are fleshy, sessile (attached
directly to the stem), and clasping all the way
around stem to form a sheath. The leaves are
blade-shaped and coated with a shiny cuticle to
retain moisture. The lower leaves are divided
into linear lobes; upper leaves are undivided,
sometimes toothed. The stems are
reddish/green.

The flower heads look like yellow buttons and
are about 0.6-0.8 cm in diameter.

© 2009 Barry Rice

Delairea odorata (Asteraceae)

Luckily Delairea odorata is only in one part of
the reserve and with monitoring we can stop its
spread.

Delairea odorata is a non-woody vine with
thin but slightly fleshy, glossy leaves with
angular lobes (the leaves look like traditional
garden ivy). The flowers are yellow and daisy-
like, but lacking noticeable petals. It grows
procumbent on the ground and also climbs trees
and shrub trunks.
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©1995 Saint Mary's College of California

©2005 Luigi Rignanese

Dipsacus fullonum (Dipsacaceae)

is an erect biennial with small prickles on the
stem and distinctive spiny flower heads.

Plants initially produce a basal rosette of leaves
and then flowering stems are produced during
the second year. Rosette leaves are oval, have a
wrinkled appearance, and have margins with
rounded or scalloped teeth. Leaves that occur on
the flowering stems are opposite, without
petioles (sessile), and are lanceolate. All leaf
midveins have short prickles on them.

Flowers are egg-shaped but cut off squarely at
the base. Flowers are approximately 3-10 cm
long and consist of many individual white to
lilac flowers that bloom in a circular pattern
around the seedhead.
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© 1995 Saint Mary's College of California

© 2008 Steve Matson

Erodium botrys (Geraniaceae)

is an annual herb. The plant starts from a flat
rosette of highly lobed green leaves. It grows to
a height between 10 and 90 centimeters with
somewhat hairy stems and foliage. It bears
small flowers with hairy, pointed sepals
surrounding five purple-streaked lavender
petals. The fruit is long and pointed.

©2008 Neal Kramer

Foeniculum vulgare (Apiaceae)

is a biennial or perennial, it sends up four or
five smooth stalks which are hollow but contain
white pith (tissue in the center of the stem). The
stems bear feathery, finely divided linear
foliage. The inflorescences are large and flat
umbels of golden yellow flowers. Plants can
reach 1.5 meters in height.
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© 1995 Saint Mary's College of California

© 2008 Gary McDonald

Genista monspessulana (Fabaceae)

is a woody perennial shrub growing up to 3 m
tall. The green stems are covered with short
soft hairs, but become hairless with age. The
leaves are shortly stalked, consisting of 3
leaflets with rounded ends, the upper surface is
virtually hairless but the lower surface varies
from scattered to densely hairy with hairs often
more common along the midrib. The fruit is a
pod like in pea plants. Seeds are dark brown to
black and there are usually 5-8 seeds per pod.

it can be distinguished by the ridged green
stems; pea-like yellow flowers: 0.8—1.3 cm
long, and mature pods that are densely hairy,
1.5-2.5 cm long, 3—5 mm wide.
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© 2011 Zoya Akulova

© 2012 Aaron Arthur

Helminthotheca echioides (Asteraceae)

is a stiff annual to biennial weed.

It may grow up to 90 cm tall, with a thick,
furrowed stem. The leaves are 10-20 cm long
and oblanceolate with a short petiole. The
leaves, branches, and stem are all covered in
thick bristles. The inflorescences are 2—-3.5 cm
wide and subtended by between 3 and 5 large
bracts (like a dandelion).

©2012 Aaron Arthur

Malva nicaeensis (Malvaceae)

is an annual or biennial herb producing a hairy,
upright stem up to 60 cm long. The leaves are
up to 12 cm wide and have several slight lobes
along the edges (they almost look like squash
leaves).

Flowers appear in the leaf axils, each with
pinkish to light purple petals and each around a
centimeter long. A unique feature to Malva
nicaeensis and all other plants in the Malvaceae
family is that the stamens form a tube around
the style.
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© 2005 Louis-M. Landry

© 2005 Louis-M. Landry

Matricaria discoidea (Asteraceae)

is an annual plant is about 7-30 cm tall,
branching frequently and having the appearance
of a miniature bush. The leaves are fern-like and
up to 5 cm long and 2 cm across, they are
alternate along the hairless stems. These simple,
double, or triple compound leaves are pinnately
divided into linear lobes. From the axils of the
upper leaves, develops flower heads on stalks.
Each flowerhead consists of numerous greenish
yellow disk florets. The base of the flowerhead
has several overlapping green bracts. The top of
the flowerhead is shaped like a dome. Both the
foliage and flowerheads have a pineapple-like
odor when crushed.

© 2004 Carol W. Witham

© 2008 Gary McDonald

Medicago polymorpha (Fabaceae)

is an annual herb. Stems grow up to 60 cm long
and tend to trail along the ground. Leaves
divide into three round leaflets, resembling
those of clover and usually have reddish-tinged
midveins. Leaflets have serrated edges. The
flowers are small, bright yellow, and cluster into
flower heads at the stem tips. The fruit consists
of a pod that usually covered in prickles ending
in tiny hooks that easily get attached to your
clothes.
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© 2001 CDFA

Oxalis pes-caprae (Oxalidaceae)

is a low growing perennial with shamrock-like
leaves.

There is a loose basal rosette of leaves up to 35
cm tall. The leaves resemble clover leaves and
are hairless to sparsely hairy, green, and often
with brown or purplish spots.

Flowers cluster on the ends of slender leafless
stalks and there are less than 20 flowers per
cluster. Each flower has 5 bright yellow petals.

© 2003 George W. Hartwell

© 2011 Zoya Akulova

Plantago coronopus (Plantaginaceae)

is an annual herb with a persistent taproot. It
produces a basal rosette of narrowly lance-
shaped leaves up to 25 cm long. The leaves are
edged with small lance-shaped lobes. The
inflorescences grow erect to about half a meter
in maximum height. They have dense spikes of
flowers which sometimes curve. Each flower
has four whitish lobes each measuring about a
mm long.
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© 2008 Gary McDonald

Plantago lanceolata (Plantaginaceae)

is a perennial herb. There is a basal rosette of
lanceolate leaves. There is a leafless, silky,
hairy stem ending in an oblong inflorescence of
many small flowers. When the flowers fall off a
brown cone like structure remains.

© 2008 Gary McDonald

© 2012 Jean Pawek

Pseudognaphalium luteoalbum (Asteraceae)

is an annual or biennial herb. The leaves are
narrow to lance-shaped, 1-6.5cm long and 2-
8mm wide with wavy margins. The leaves
become smaller and narrower up the stem. The
leaves are glaucous (have a milky white texture
and color). It flowers in terminal clusters of 5-
20 tiny flowerheads with shiny yellow-brown
outer bracts. The flower itself is a white to
cream color.
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© 2003 Michael Charters

© 1995 Saint Mary's College of California

Raphanus sativus (Brassicaceae)

is an annual or biennial plant consisting of a
rosette of leaves up to 17 cm long and 5 cm
wide. It bolts and produces flowering stems up
to 0.7m tall. The central stem is often reddish at
the base, but light green elsewhere. The upper
side stems are very similar, except that there is
often a red ring where they branch from the
central stem. The alternate leaves on the stems
are similar in appearance to the basal leaves,
except that they are smaller.

Each flower consists of 4 pink or light purple
petals and several stamens with yellow anthers.
Each flower is replaced by a silique (fruit that
looks like a bean) that contains 2-3 seeds.

The root system consists of a stout taproot that
is somewhat fleshy.
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© 2012 Aaron Arthur

© 2013 Neal Kramer

Rubus armeniacus (Rosaceae)

is a perennial plant which bears biennial stems
(canes) from the perennial root system. In its
first year, a new stem grows vigorously to its
full length of 4-10 m, trailing along the ground
or arching up to 4 m high. The stem is green, or
reddish-tinged if exposed to bright sun. The
leaves are 7-20 cm long and palmately
compound with five leaflets; flowers are not
produced on first year shoots. The leaflets are
oval-acute, dark green above and pale to whitish
below, with a toothed margin, and thorns along
the midrib on the underside. The flowers are
produced in late spring and early summer on the
tips of the second-year side shoots. There are
five white or pale pink petals.
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© 2010 Louis-M. Landry

Rumex conglomerates (Polygonaceae)

is a perennial herb. The stems are erect and
branched in threes 30-80 cm. The leaves have
ocrea which are slightly transparent sheaths at
the base of where the main stem attaches to the
branches. The leaves are oblong-lanceolate,
and about 5-10 cm long and 2.5-6 cm wide.

The inflorescences are in a spike around the end
of a branch and also in a whorl around the
nodes of the stem.

© 1999 California Academy of Sciences

© 2004 Carol W. Witham

Rumex crispus (Polygonaceae)

is a biennial herb that can grow from 1-1.5m
tall. The tiny green flowers grow in dense heads
up a spire. Each flower has six sepals that are
light green/white/pink in color (so it looks like
the flowers are white/pink but if you look closer
you will see the tiny green flower within).

The leaves have a coarse texture and wavy leaf
margins with noticeably curled edges. Older
leaves have a red primary vein. At the base of
the stalk there is a basal rosette of leaves. Ocrea
are present (papery sheath that covers leaf axil).
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Sonchus asper ssp. asper (Asteraceae)

is an annual weed growing 10—-120cm tall. The
leaves are oblong to lanceolate and are 630 cm
long and 1-15 cm wide. The leaves are
pinnately lobed and usually prickly. The flowers
are born in a cyme and are yellow with bracts
resembling a dandelion.

© 2005 Steve Matson

© 2008 Keir Morse
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EXOTIC Trees:

Common name Scientific Name
Monterey cypress Hesperocyparis macrocarpa™®*

*occurs in grassland

** occurs in coastal scrub
***occurs in wetland
****occurs in bluff
*****occurs in bluff scrub

Hesperocyparis macrocarpa (Cupressaceae)
is a tree that is non-native to coastal grasslands.
The trees are about 25 m tall with a crown

broadly spreading. The bark is rough and
fibrous. The branches are 1.5-2 mm in diameter.

© 2012 Gary A. Monroe

© 2012 Gary A. Monroe
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Works Cited/Additional Resources

Plants of the San Francisco Bay Region written by: Linda H. Beidleman and Eugene N.
Kozloff.

This book provides an easy dichotomous key to identify plants in the greater San
Francisco Bay region.

Beidleman, Linda H. and Kozloff, Eugene N. Plants of the San Francisco Bay Region. London,
England: University of California Press, (2003). Book.

Younger Lagoon Plant List
https://spreadsheets.google.com/a/ucsc.edu/import?source=gmail&th=13dd684d71048ec7 &attid
=0.1

This is a detailed list of common and scientific names, family, group, bloom period,
vegetative reproduction, status, and wetland indicator status.

Brown, Tim. “Younger Lagoon Plant List.” Unpublished spreadsheet, 2013.

Plant identification terminology: An illustrated glossary written by: Harris, J. G. and M.
W. Harris
[lustrated book with common plant identification terms, organized alphabetically.

Harris, J. G. and M. W. Harris. 1994. Plant identification terminology: An illustrated glossary.
Spring Lake Publishing, Spring Lake, UT

Jepson Online Interchange
http://ucjeps.berkeley.edu/interchange.html

The Jepson Online Interchange provides information on identification, taxonomy,
distribution, ecology, as well as links to photos.

Marine Science Campus Coastal Long Range Development Plan
http://ppc.ucsc.edu/cp/projects/11407/cp/projects/11407 /planning/clrdp08

This is the complete Coastal Long Range Development Plan for the Marine Science
Campus (CLRDP) located at YLR. Resource for definitions and lists of priority 1, 2, and 3
weeds as well as control methods. Also a good resource for a complete list and maps of all 11
habitat types.
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Lynn Zhang
YLR Manual

Propagating Plants for Restoration

Introduction

Successful propagation of native plants is essential to restoration projects. This
chapter will cover the basics of propagation, with considerations to native California
plants, especially those used for restoration on the main UCSC campus and at Younger
Lagoon Reserve (YLR). Most of the information from this chapter was compiled from:
personal interviews and conversation with Jim Velzy (UCSC Greenhouse Director), Beth
Howard (YLR Reserve Director), and Tim Brown (YLR Reserve Steward), Plant
Propagation Principles and Practices 4™ edition (Hartmann and Kester 1983), Growing
California Native Plants (Schmidt 1980), and Seed Propagation of Native California

Plants (Emery 1988).

Seed Anatomy

A seed is a baby plant surrounded by a protective covering in a suspended state of
growth, dormancy, and has three basic parts: the embryo, food storage tissues, and the
seed covering tissues. The Embryo is the result of the union of female and male gametes.
Its basic structure consists of an embryo axis, where the shoot (the plumule) and roots
(the radicle) grow from either end. The embryo of dicotyledons also includes a

hypocotyl, or basic stem of the emerging plant.



The Cotyledon is a food storage tissue that also functions as the growing plant’s first
leaves. Plants are classified by how many cotyledons their seeds contain; plants whose
seeds contain one cotyledon are called monocots, likewise, seeds with two cotyledons are
called dicots. Other plants may have even more cotyledons, for example, gymnosperms
like pines and ginkos, may have up to 15. These plants are classified as
multicotyledonous

The Endosperm is a triploid food storage tissue that mainly supplies the embryo with
starch, though it may also contain fats and proteins. In some plants, the endosperm is
largest and is the main food source for the seed, whereas in others, the cotyledon is the
dominant part of the seed and provides the main food source to the seed.

Seed coverings, like the seed coat, provide mechanical protection for the embryo and
allow the seed to survive for long periods of time without injury. Seed coats of some
species may be impermeable to water or require certain abiotic and biotic weathering
processes before water can penetrate the seed. Seed coat characteristics vary by species

and certain traits can often be traced to certain plant families.

Figure 1: The anatomy of a
dicotyledonous seed (CSU Extension,
2010)



Figure 2: The anatomy of
a monocotyledonous seed
(CSU Extension, 2010)

Breaking Dormancy

Once the dormancy of a seed is broken, it begins to germinate and grow into a full
sized plant. However, many species in California have complex dormancy mechanisms.
The seed coat of a species may be impermeable to water and prevent germination, called
external germination. Likewise, the embryo may need to be subjected to certain physical
conditions such as warm or cold temperatures before it becomes activated, called internal
germination.

In order to sow dormant seeds in a greenhouse setting, many species must be
exposed to simulated conditions that mimic the condition with which species have
evolved such as temperature or scarification from fire or other means. Many California
plants have evolved dormancy methods to respond to disturbances like fire, low rainfall,
and passage through an animals gut. A few processes to combat external dormancy that

are particularly important in California systems are outlined here:

Hot Water: A simple treatment that is widely used with generous success for small and

medium sized seeds is exposure to 12-24 hours of hot water to soften the seeds. Seeds are



submersed in hot water and remain there as the water cools. The time that seeds are

soaked depends on the species. Seeds should be sowed immediately after this treatment.

Scarification: Many seeds have tough impermeable seed coats, which in nature, are worn
down over time before the seed can germinate. This can be simulated in a greenhouse by
mechanically scratching or damaging the seed coat to let water permeate in. This is done
with sandpaper, files, knives, or other tools. Care should be taken not to damage the

embryo within, however.

Fire: The seeds of species that are adapted to a native fire regime may need to be exposed
to temperature and or smoke in order to germinate. In the greenhouse, seeds can be
subjected to the heat of a fire by being placed in a moist medium, covered with 10 to 15
centimeters of pine needles, and lighted. After burning, seeds should be sowed, but not all
species will germinate immediately. Manzanita requires another two months after
burning to germinate; likewise other species must be subjected to periods of hot and cold

after burning.

Charate: Charate, burnt woody material, can neutralize germination inhibitors for certain
species. Woody material that has been burnt or baked can be crushed and added to the
germination medium to activate a dormant seed. Keely & Fotheringham (1998) found
that oxidizing gases in smoke and acids found in charate play an important role in the

germination of chaparral species.



Mulch: Over the course of several months, microbial processes that occur naturally in
mulch can help soften seed coats of seeds planted in it and this often happens in nature.
Seeds should be planted in trays with a mix of composted and fresh material without and
added fungicide, as fungicide can kill the beneficial microbes in the mulch. Mulching

increase germination in above-ground beds, as well as direct seeding in the field.

Acid: Sulfuric acid may be used to breakdown a tough seed coat, which mimics a seed’s
passing through the digestive system of an animal. Length of exposure is dependent on
species, and seeds should be removed before the entire seed coat is penetrated to avoid
damage to the embryo. After exposure, seed should be washed so that none of the acidic

solution remains, which could harm the emerging seedling.

Warm or Cold Stratification: Sometimes seeds need to be exposed to long periods of
warm or cold temperatures which can imitate a cold winter period and can help with seed
ripening process, or warm temperatures can promote further ripening of the seed getting
it to a stage where germination can be initiated. These processes are methods to break
internal dormancy. In both cases, seeds should be placed into a moist medium for the
treatment. Length of treatment depends on the species, and either may be used in
combination with another treatment method to break external dormancy such as acid
exposure or scarification. Warm and cold stratification might also be used together, for
example, a warm period to ripen the seed followed by a prolonged cold period to imitate

a winter.



Table 1: Listed here is a table of particular treatments for plants propagated for YLR.
Scientific names and common names of various plant species are listed, followed by
treatments recommended by Emery (1988). Blank boxes in the treatment section indicate

no data.

Scientific Name
Baccharis pilularis
Baccharis douglasii
Rubus ursinus

Elymus triticoides
Epilobium ciliatum
Juncus effusus
Danthonia californica
Stipa pulchra
Deschampsia cespitosa
Hordeum brachyantherum
Artemisia californica
Lupinus arboreus

Eriophyllum staechadifolium

Erigeron glaucus
Achillea millefolium
Rhamnus californica

Sambucus
Mpyrica californica

Ribes
Rosaceae

Fragaria spp.

Satureja douglasii
Scrophularia californica
Sisyrinchium bellum

Prunella vulgaris
Plantago maritime
Mimulus aurianticus
Grindelia stricta

Lotus scoparius
Eschscholzia californica
Eriogonum latifolium

Common Name
Coyote brush

Salt march baccharis
California blackberry
Beardless wild rye
Fringed willowherb
Soft rush

California oatgrass
Purple needle grass
Tufted Hair-grass
Meadow barley
California sagebrush
Yellow bush lupine
Seaside wooly sunflower
Seaside daisy
Comon yarrow
Coffeeberry

Elderberry
California wax myrtle

Gooseberry
Roses

Strawberries

Yerba buena
Bee plant
Blue-eyed grass

Self-heal

Sea plantain

Sticky monkey plant
Gumplant
Deerweed
California poppy
Coast buckwheat

Seed Treatment
No Treatment
No Treatment
No Treatment
No Treatment
No Treatment
No Treatment
No Treatment
No Treatment
No Treatment
No Treatment
No Treatment
Boiling Water
No Treatment
No Treatment
No Treatment
Fresh seeds: No
Treatment

Stored seeds: 3 months

stratification
Stratification

2-3 months of
stratification
Stratification
Several months
stratification

No Treatment.
Germination may be

hastened by 2-3 months

of stratification
No Treatment
No Treatment
2-3 months of
stratification
No Treatment
No Treatment
No Treatment
No Treatment
Boiling Water
No Treatment
No Treatment



Dudleya caespitosa Dudleya No Treatment

Chlorogalum pomeridianum Soap plant 2-3 months of
stratification
Aster chilensis California aster No Treatment
Armeria maritime Sea thrift No Treatment
Bromus carinatus California brome No Treatment

Biology of Germination:

Activation:

The first step in seed germination is the activation of the dormant embryo. This
process begins with the imbibition of water. Imbibition is the physical process of water
absorption by a dry seed that happens regardless of whether the seed is alive or dead.
Water absorption may cause the softening of the seed coat and swelling of the internal
tissues, which can cause the seed to coat to burst. The seed coats of some species are
impermeable to water and need to be preceded by specific treatments before imbibition
can occur, as described above.

Several plant hormones that have been detected in seeds play important roles in
activating and inhibiting germination. Abscisic acid has been found to produce dormancy
in species like cereals and is often used to induce seed dormancy to store seeds for long
periods of time. On the other hand, the hormone cytokinin has the opposite effect of
abscisic acid and helps to stimulate germination by allowing giberellic acid to function.
After a seed is imbibed, giberellic acid causes enzyme activity and begins the conversion
of the starch in the endosperm into sugar (Koornneef et al. 2002). Similarly, ethylene has
also been shown to promote germination in some kinds of seeds. These hormones are
commercially available from producers and can be used in a nursery to induce or inhibit

germination.



The emergence of the radicle is the first visible sign of germination, aside from
swelling of the seed with imbibition that may be visible in some species. Depending on
the species, radicle emergence can occur from between a few hours to a few days after
imbibition. Radicle extension can involve cell elongation, cell division, or both. Radicle
extension through the surrounding media typically marks the end of the germination
period and the beginning of seedling growth.

Seedling Growth:

Seedling growth is marked by a steady increase in cell division along the
embryo axis and expansion of seedling structures. The root system expands and the
cotyledon(s) emerge from the soil and begin to photosynthesize, later on true leaves
develop and the seedling becomes self-sufficient. Metabolic rate readily increases as the
amount of fresh tissue weight increases and the amount of dry storage tissue decreases.
Eventually, energy storage tissues no longer participate in the metabolism of the seedling,
and the emerging plant is capable of increasingly capable of photosynthesis and water

absorption.

Figure 3: A diagram of early plant growth

(CSU Extension, 2010).



Vegetative Propagation:

Various vegetative methods of propagation can be used when seeds are not
readily available or if the particular species is easily propagated by vegetative methods.
Cuttings:

Cuttings are widely used commercial greenhouse method of propagating shrubs
which involves taking a portion of stem, leaves, root, or leaves and placing it in favorable
conditions that induce it to develop a root system. This method is sometimes used to
propagate shrub species like lupine and manzanita, though lupine is also propagated by
seeding. Some species from YLR that are propagated from cuttings are Sambucus,
Rhamnus californica, Myrica californica, Ribes spp., Satureja douglasii, Rosa californica
and Fragaria spp..

Cuttings should be taken from a large number of healthy vigorous plants to ensure
genetic diversity. The size of samples can vary depending on the propagation methods
and the planting conditions. It is important to leave the plants you take cuttings from in
good shape. You can take cuttings from branches that are over-reaching the average
plant canopy, that open up the inside of the plant to better sunlight, that are in the rearch
of herbivores, or shape the plant in other beneficial ways. The impact from taking
cuttings from a plant should not be detrimental to the life of the plant.

Divisions:
Divisions are a method of vegetative propagation that simply involves splitting a

plant with more than one rooted crown at the base. This must be done at the right time of



year, which varies by species, but often occurs in winter or spring. Divisions are done in
the winter at YLR, and for two rhizomatous species: spreading rush (Juncus patens) and
alkali rye grass (Elymus triticoides), both for which seed germination has been poor. It is
important to leave a sufficient amount of plant material in the area you take from. It may
be necessary to leave a small division in place of the area you take from.

Runners:

Runners are thin stems that originate from a leaf axil and that grow down from the
parent plant to form a new plant at the tip. Strawberries (fragaria) are an example of
these. Runners can simply be removed from parent and placed into a growing medium,
after which they will root themselves. It is usually best to leave any rooted starts in place

and only take plants that are not rooted into the native soil.

Seeding vs. Vegetative propagation:

There are many factors that must be considered before choosing which
propagation method to use. The appropriate method for a given species depends on the
biology of the species, cost effectiveness, genetic diversity requirements, resources
available and time it takes to produce plants ready to be planted in the field. For
example, divisions are a cost-effective method of propagating rhizomatous species like
juncus, while lupine is easily propagated by seeding or cuttings.

Seeding:

Propagating plants from seed is a cost-effective strategy that is often the most

successful in terms of plant yield. It also results in the most amount of genetic diversity

compared to other vegetative propagation methods due to the combination of two
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genomes and recombination during meiosis. Seeds often develop into healthier mature
plants than cuttings because they do not begin with the same spectrum of parasite and
pathogen loads as cuttings taken from mature plants do. Seeds are separated from the
chaff to reduce pests and diseases. Seeds can also be frozen, dried, or dipped in 10%
bleach to kill pests and pathogens. Seeds are often sowed and cared for in a nursery or
greenhouse before being outplanted into the field. This is a more costly process than
direct seeding into habitat plots but ensures higher germination and survival rates. Seeds
sowed directly into the soil may fall victim to competition, predation, and infection from
parasites and pathogens, whereas seeds sowed in greenhouses are started in sterile and
mild conditions which results in much higher survival of recently germinated seedlings.
Native plant seeds of some species can be purchased from a few growers;
however, it is better to use seeds that were harvested locally because they contain genes
from plants that are adapted to the local conditions and some species are not
commercially available. If local seeds are not available, some native seed banks in
California include: Rancho Santa Ana, Santa Barbara Botanical Gardens, California
Native Plant Society, and the UCSC Arboretum. Purchasing commercial seeds is cheaper
and easier if there resources, such as student interns and volunteers, are not available.
When collecting seed in the wild it is important to collect no more than 10% of what is
out there. You will need to assess what is in the area you are collecting when you begin
to harvest. Additionally, proper permits must be obtained in order to collect local seeds,
and planting projects take careful preparation to plan for seed collection. Vegetative
propagation can be a good alternative for certain species for which seeds are sparse, or

for herbaceous species which can be grown in the greenhouse to maturity, seed can then
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be collected from these greenhouse grown plants and can be used to ‘bulk up’ (e.g.
increase the total amount) of seed.

Seeds used for YLR projects are collected on site at YLR and are propagated and
prepared for transplantation on campus by Brett Hall at the UCSC Arboretum and Jim
Velzy at the UCSC Greenhouse along with their staff of volunteers and interns. Brett and
Jim also propagate plants for other restoration projects around campus and for various

gardens around campus.

Vegetative propagation:

Vegetative propagation can be a good alternative to seeding when seeds are not
available in large quantities or when getting seeds to germinate is difficult. Many cuttings
or runners can be taken from a single plant, although genetic diversity then becomes a
concern. Genetic diversity should be maximized throughout plots to maximize ecological
resilience to environmental change.

Divisions and runners are easy to propagate compared to cuttings but still require
many times more work than propagation by seed. Cuttings must be processed and
planted into propagation media within 24 hours of harvesting and require special care
during their beginning stages of development. As an alternative to seeding, they grow
into a finished plant faster and some species are very fairly easy to propagate with by
cuttings. However, cuttings are fragile and must be kept under a mist bed to provide
enough moisture until their roots develop. Not all facilities have mist beds, so cuttings are

limited to project with enough resources to make them cost efficient.
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One problem encountered with cuttings is the presence of parasites and pathogens
from the adult plant from which they were harvested. Seeds are sorted and cleaned before
sowing which reduces parasite load and cuttings must be dealt with appropriately to
reduce these concerns. Cuttings will be carrying pests and disease that are attaching
mature tissue, which need to be dealt with immediately as compared to seed that can

dried or frozen to reduce pest and disease loads.

California Native Plants:

Restoration projects must be careful to consider a wide suite of factors when
designing a project including the local habitats and community of plants native to those
conditions, as well as propagation methods required for the species included in the
planting pallet. For example; California plants are well adapted to low nutrient
conditions, drought conditions, and a fire regime (An Introduction to California Plant
Life).

Several seed species, including manzanitas, are adapted to only germinate once a
fire has occurred. This adaptation may have arisen because the ground is quite bare after
a fire, which ensures less competition for a young plant. Likewise, as mentioned above,

the presence of charate in the soil can be a factor that stimulates germination.

Plant Propagation Process:

Seed Propagation:

Seed propagation for UCSC restoration projects begins in the greenhouse in late

summer or early fall, timed so that seedlings will be ready to outplant in the winter during
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the rainy season. Propagation typically takes around three months to complete so
propagation projects should be timed around this limitation. If plants are outplanted too
early, the seedlings are at risk of being too immature and fragile to survive in the field,
and survival rates may drop. On the other hand, seedlings kept too long in nursery
conditions way outgrow their holding containers and become rootbound. These problems
add cost to a propagation project and should be avoided with proper planning.

Some problems encountered at this stage are poor germination rates and sowing
seeds too densely. Poor germination rates can sometimes be avoided by using proper
sterilization methods (discussed later), or by choosing the proper seeds to use. It is
important to use ripe, mature, undamaged, and cleaned sterile seeds in this process.
Failing to do so may lead to losses from poor germination failure. Proper seed handling
and cleaning techniques are described in another chapter. When seeds are sowed too
dense, the resulting seedlings may end up smaller and weaker than more sparsely sowed
seeds because of intraspecific competition. These plants must be transplanted sooner and

transplantation may also be more difficult because they are weak.

Planting Medium:

Choosing the right planting medium is an important part of the propagation
process. The medium must be dense enough to hold the seed or cutting in place
throughout propagation, but not too dense so that roots cannot easily penetrate through it
or that it is insufficiently aerated. The planting medium should also be able to hold a

constant volume whether moist or dry. Likewise, it should hold water for long enough to
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so that watering does not have to occur too frequently. Finally, the medium should
contain enough nutrients to nurture a growing seedling and be pest-free.

At the UCSC greenhouse, Jim uses a sterile soilless mixture of 75% peat moss
and 25% perlite with added fertilizers for all stages of propagation. Peat moss can hold
300 times its weight in water and has a high cation exchange capacity (CEC), while
perlite offers good drainage and aeration. The cation (positively charged ion) exchange
capacity of soil refers to its ability to hold and release soil nutrients. The benefit of using
a soilless mixture is to minimize pathogens or parasites in the medium, which can affect
the final plant yield.

Other materials often used are sand, vermiculite, pumice, and compost. There are
many generic mixtures of these materials that work for most plants, however, the medium
should be chosen based on the needs of a plant. The medium can easily be customized to
the needs particular plants, and considerations about soil drainage, soil pH, and nutrient

levels for certain plants should be taken into account.

Sowing seeds

Seeds are generally sowed en mass in large plastic seed flats. At the UCSC
greenhouse, seed flats measure 25.4cm x 25.4cm (107x10”), with a soil depth of 1.5cm
(about 2 inch). Seeds are covered with an amount of soil to a depth of 1.5x the width of
the seed. All flats are labeled with the plant genus, species, collection location and date,
and date sowed.

Germination rates can be very unpredictable depending on the batch or species of

seeds. Jim Velzy estimates that the average germination rate for native plants he cultures

15



is around 60%. At the UCSC greenhouse, Jim typically sows 500 seeds or more in each
seed flat. A general rule of thumb is to oversow seeds at this step of the propagation
process because of the unpredictability of seedling yield. If fewer seedlings germinate
than expected, resowing to get more plants may set back a schedule by several weeks,
and miss the deadline for the peak-planting season. Seed flats should be kept inside a
shaded greenhouse to protect the seedlings from stressful environmental conditions.

Seedlings should also be provided with adequate water.

Transplantation to Conetainers:

Once seedlings have developed their first few leaves, they are ready to be
transplanted to conetainers. Conetainers are a widely used pot type because of they
require less greenhouse space than regular pots, are easy to transport and can be
outplanted very quickly and efficiently with precise custom tools and machinery. Other
pot sizes may be used for different species and restoration goals. Individual seedlings are
transplanted from the seed flat into a conetainer; conetainers are placed in racks that are
easily moved around the greenhouse and transported between sites. After transplanting to
containers, seedlings should be regularly watered and fertilized according to a specific
regime. At the UCSC greenhouse, plants are fertilized every six weeks with a solution of

300ppm NPK (Nitrogen, Phosphorus, Potassium) liquid feed.

Cuttings and Divisions:

For both cuttings and division, it is important to collect them at the correct time of

year. Specimens used for cuttings must include a terminal or lateral node close to the
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base of the sample; this node is what is induced to grow into a root. Cuttings are dipped
into root-tone, a hormone that induces root growth, and placed into a seed flat from
which they will eventually be transplanted into conetatiners. Cuttings are planted into a
mixture of 75% perlite and 25% screened peatmoss. It is important when propagating
cuttings to plant them with the proper orientation (buds facing up). Upside down plants,
a common mistake at the UCSC greenhouse, will not develop. Likewise, it is important to
make sure one node is completely covered by the soil and another is exposed to air and
sun. This ensures that both a root system and leaf system develop.

In general, bottom heating will encourage and root growth. Cuttings should be
kept out of direct sunlight and harsh conditions because of the risk of moisture loss from
transpiration. They should be kept in moist conditions, as there is no initial root system,
and water must be absorbed through the leaf tissue. To help keep optimal conditions for
cutting establishment the UCSC greenhouses employ a misting system that is set to mist
the cuttings every half hour for 15 seconds during the day.

Hardening-off:

Once plants have grown in the conetainers for several weeks, they begin a
regimen of hardening-off to transition them from mild greenhouse conditions to the more
stressful natural conditions in the field. Plants recently transplanted into conetainers
should be stored in the same conditions as seed flats for the first few weeks of their lives
— shaded and with mist. As they grow in size, they may slowly be transitioned into a
sunny part of the greenhouse, into a shaded outdoor spot, and finally outdoors in the full
sun. Direct sunlight and wind increase transpiration, and are particularly drying; plants

will also have to adapt to a wider range in temperature change. The watering regimen is
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also reduced to mimic conditions in the field. This is particularly important for California
plants, as a long dry season is characteristic of California ecosystems. Hardening off

allows plants to develop tougher leaves before outplanting into the field.

Pest Management and Sterilization:

Parasites and pathogens can cause major loses in final plant yields, especially in
the warm humid conditions of a greenhouse. It is important that the physical propagation
facility (greenhouse or nursery), propagation materials (such as seed flats, soil media,
planting tools, and containers), and plant materials are clean. Some large-scale nurseries
and producers have extensive pest management systems to control parasites; regardless of
the scale, it is very important to keep these three basic components clean.

Greenhouses should be light, humid but not damp, and cleaned at the end of each
day. Damp, low-light environments favor fungi and pathogens that may hinder plant
growth or be otherwise harmful. There should not be pools of standing water that could
foster pathogens such as water molds (Pythium). Likewise, surfaces used for planting,
transplanting, etc should be kept clean.

Seed trays, conetainers, and all other planting media should be kept clean. To
maintain sterile planting media we always move in one direction such that residual media
should never go back into a soil bucket. Old media should not be resused for propogation
but can be used for larger potted plants. Recycled soil from plants that don’t grow can be
used in gardens or compost. If planting media is reused it should be properly treated to

eliminate pathogens. At the UCSC greenhouse, all planting containers are cleaned several
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times with soapy water to remove pathogens. Soapy water disrupts the lipid membrane of
cells and is an effective and cost-efficient way of eliminating pathogens like fungus,
viruses, and bacteria. Likewise, a dilute solution of soapy water will also kill pests such
as aphids, mites, whitefly, fungus, gnats, and thirps; which are common greenhouse
parasites.

Plant material should be kept as clean as possible. As mentioned earlier, seed
cleaning is a very important practice to ensure good germination outcomes. Because
cuttings often come with a suite of parasites and pathogens, they should be gently rinsed
in a dilute soap chlorine and fungicide solution to remove pests. A simple way of
eliminating some pests from established plants is to move them outdoors, where
beneficial insects or microbes can colonize them and eliminate the pest naturally.
Likewise, particular diseases may be controlled by moving plants to a different
environment, usually drier and sunnier to favor new plant growth. If cultural methods
fail, treatments chemicals such as of sulfur, oil, pesticides, or fungicides may be

necessary.
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Tang 1

Effects of mulch, planting design, and mowing on native plant restoration in a California
coastal prairie

Mickie Tang

ABSTRACT

California coastal prairies have been heavily degraded by human land use and invasion
by exotic species. The many efforts to restore coastal prairie have had mixed success. Three
phases for the successful restoration of California grasslands that have low initial native cover
include site preparation, reintroduction of native species, and continued management of exotic
species. I added wood mulch as a method for site preparation, compared applied nucleation
(planting individuals in clumps and letting them expand over time) and full planting as methods
for native revegetation, and tested mowing as a method for continued management of exotics. |
evaluated the effects of each treatment on the survival and individual cover of planted native
grasses and forbs, recruitment of native forbs, and total percent cover of four plant guilds (native
grasses, native forbs, exotic grasses, exotic forbs). Survival and cover of many native species
were higher in mulched plots than non-mulched plots, and over 97% of recruits were found in
mulched plots. Mulch also reduced exotic grass cover. Therefore, I recommend mulching before
planting to promote native species while suppressing regrowth of exotic species. Applied
nucleation and full planting did not differ in the total percent cover of native and exotic species,
suggesting that planting in clumps is a cost-effective alternative to fully planting a restoration
site. Mowing reduced the percent cover of exotic grasses, but it also reduced the survival of three
native bunchgrass species. It may be necessary to allow bunchgrasses a year or two to establish
before implementing mowing as a management strategy. The effect of management strategies in
coastal prairies are often species-specific and dependent on rainfall patterns, so continued
research is necessary to evaluate the effectiveness of these strategies over time.

INTRODUCTION

California coastal prairies are unique and endangered ecosystems. They are biodiversity
hotspots, but they have been heavily reduced in area and degraded by human land use including
development, change in disturbance regimes, cultivation, and invasion by exotic species (Heady
et al. 1988, Stromberg et al. 2001, 2007). Exotic species are prevalent in nearly every grassland
system in California (Menke 1992), and they are the greatest barrier to grassland restoration
(Stromberg et al. 2007). Successful grassland restoration requires reducing exotic species cover
while promoting native species (Stromberg et al. 2007). There are a variety of methods that can
be utilized to achieve restoration goals, but coastal prairie restoration efforts to date have met
with highly mixed success.

Stromberg and Kephart (1996) describe three phases in successfully restoring grasslands
in California: site preparation, reintroduction of natives, and continued management. First,
preparing the site by removing exotic species and decreasing the exotic seed bank is beneficial
because native seedlings have exhibited higher survivorship and growth when there is reduced
competition from exotics; exotic annuals grow quickly and deplete resources, suppressing the
slower-growing perennial natives (Dyer & Rice 1997, Hamilton et al. 1999, DiVitorrio et al.
2007). Second, reintroduction of native plants is crucial; native species have been shown to be
dispersal limited, making recruitment without active reintroduction slow or unlikely (Tilman
1997, Seabloom et al. 2003a,b, Hayes & Holl 2011). Third, continued management to control
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exotics after the introduction of natives is also recommended due to the aggressive nature of the
exotic species. Restoration sites should be managed for several years after the initial
reintroduction of natives to ensure the survival of the reintroduced plants (Stromberg & Kephart
1996). For each of the three phases of grassland restoration, there are several methods with
varied cost and effectiveness.

Common methods of preparing a site for restoration include applying herbicide, adding
surface mulch, or a combination of these methods. When applied prior to planting natives, the
broad spectrum herbicide glyphosate has been shown to effectively reduce exotic vegetation and
increase the success of native plants (Stromberg & Kephart 1996, Huddleston & Truman 2005).
The addition of surface mulch, such as wood chips, can also control exotics and benefit natives.
Adding mulch to the soil surface can reduce the reestablishment and competition of exotic
species by reducing light and suppressing their germination and growth (Calkins et al. 1996,
Watkinson & Pill 2007). In addition, mulch can increase soil moisture by decreasing evaporation
and prevent extreme fluxes in temperature (Gruda 2008, van Donk et al. 2011).

A common native revegetation strategy is to plant individuals in a homogeneous spacing
across large areas. A variation is to plant individuals in clumps as opposed to planting the
entirety of an area, and allow the clumps to expand over time. This method, termed “applied
nucleation” by Corbin and Holl (2012) as a method for forest restoration, mimics succession in
which pioneer plants colonize an area patchily and create clumps of vegetation that provide
propagules and facilitate expansion. Yarranton and Morrison (1974) referred to the colonizers as
“nuclei” and the expansion as “nucleation” (Corbin & Holl 2012). In a tropical forest, applied
nucleation was shown to be as effective and less costly, and it is hypothesized to result in a more
heterogeneous system (Zahawi et al. 2013). Grygiel et al. (2009) found that seeding grassland
species in clumps totaling 25% of an area produced similar total richness, native grass frequency,
and native forb density as areas that were seeded entirely. Applied nucleation might not be as
effective in coastal prairie restoration due to the aggressive nature of the exotic species and the
dispersal limitation of the native species (Tilman 1997, Seabloom et al. 2003a,b). If applied
nucleation is successful, the advantages include a more heterogeneous system, reduced labor,
and reduced cost.

After native plants have been reintroduced to the restoration site, methods for continued
management of exotic species include mowing, burning, and grazing. The use of these tools
depends on the landscape context, and mowing is more feasible than burning or grazing for small
prairie patches near buildings. When timed appropriately, mowing can reduce standing biomass,
prevent seed production, and deplete carbohydrate reserves of exotic annuals (DiTomaso 2000).
The effects of mowing on native species have been shown to be variable, site- and species-
specific. Hayes and Holl (2011) found that Danthonia californica, a native perennial bunchgrass,
increased at one site in response to mowing, while Bromus carinatus, D. californica, and
Hordeum brachyantherum (also native perennial bunchgrasses) showed inconsistent responses to
mowing at another site. Lulow (2008) reported that mowing reduced exotic annual grasses and
increased the cover of both exotic and native clovers. Maron and Jeffries (2001) found that
mowing changed the species assemblage from exotic annual grasses to a mixed forb community
of mostly perennials. In some cases, mowing was effective in controlling exotic annual grasses
and in promoting low-stature native forbs, both native and exotic. The response of native
perennial grasses seems to be more variable.

The effects of different restoration methods involve many tradeoffs and differ across sites
and species, so experimentation and monitoring are necessary to evaluate the efficacy of these



Tang 3

methods. This study aimed to inform the ongoing coastal prairie restoration at Younger Lagoon
Reserve in Santa Cruz, California. I tested three restoration methods: 1) adding surface mulch
(compared to no mulch) as a method for site preparation; 2) applied nucleation (compared to full
planting) as a method of revegetation; and 3) mowing (compared to not mowing) as a method of
continued management. I planted and monitored native graminoids and forbs, and I evaluated the
effects of the methods on native plant survival, native plant individual cover, native forb
recruitment, and percent cover of four plant guilds (native grasses, native forbs, exotic grasses,
and exotic forbs). I predicted that 1) mulch would increase native survival, individual cover, and
percent cover and decrease exotic grass percent cover, 2) fully-planted plots would have higher
native cover than applied nucleation (aka island) plots, and 3) mowing would increase native
forb survival and cover, increase exotic forb cover, decrease exotic grass cover, and have
variable effects on native grass survival and cover.

METHODS
Study Site

I conducted this experiment, with the help of other students and reserve staff, at Younger
Lagoon Reserve (YLR) (lat 36°57°03”N, lon 122°03°57”°W) in Santa Cruz, California. Santa
Cruz is located on the central coast of California and experiences a Mediterranean climate with
moderate temperatures and winter rainfall. There is strong seasonality within a year, but the
quantity of rainfall is unpredictable from year to year (Reever-Morgan et al. 2007). YLR is
located on the first marine terrace adjacent to the ocean. YLR is managed by the University of
California at Santa Cruz (UCSC) and is undergoing restoration of coastal prairie, coastal scrub,
and freshwater wetlands as mitigation for the expansion of the university’s marine campus
bordering the reserve (UCSC 2008). Prior to the transfer of the property to UCSC, the site was
used for agriculture for several decades and then left fallow (Hunt 2009). The intensive land use
and subsequent invasion of exotic species have degraded YLR’s vegetation communities, leaving
little native cover. At the start of the study, the site was dominated by exotic annual grasses such
as Festuca perenne (formerly Lolium multiflorum) and Bromus diandrus, and exotic forbs such
as Raphanus sativus and Helminthotheca echioides (formerly Picris echoides). This experiment
was implemented during a period of low rainfall, and rainfall was especially low in the second
year of the study (Figure 1).

Experimental design

In October 2011, prior to the start of the experiment, the entire study area was mowed
and sprayed with a glyphosate herbicide to reduce the cover of exotic background vegetation.
The area was also fenced to exclude rabbits and humans. We marked plot boundaries and
randomly assigned the plot treatments. We added wood mulch (comprised mostly of coast
redwood, tanbark oak, bay laurel, and Monterey cypress) to the plots that were assigned a mulch
treatment. In January 2012, a few days before planting, we applied a second round of glyphosate
herbicide.

The study was set up as a split-plot design with four main treatments crossed with a
mowing treatment. We set up 20 10x10-m plots with 1-m buffers between the plots; each plot
was randomly assigned one of four main treatments for five replicates of each treatment: 1)
fully-planted with mulch (F-M), 2) fully-planted with no mulch (F-NM), 3) island planting with
mulch (I-M), and 4) island planting with no mulch (I-NM).

We planted three native perennial grass species: Stipa pulchra (formerly Nassella
pulchra), Hordeum brachyantherum, and Bromus carinatus. We planted five forb species:
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Achillea millefolium, Clarkia davyi, Grindelia stricta, Trifolium willdenovii, and
Symphyotrichum chilense (formerly Aster chilensis). We also planted one species of rush, Juncus
patens (Table 1). We collected native plant seeds during June-September 2011 from local sites
with characteristics similar to that of YLR. The seeds were processed and then propagated as
seedling plugs at the UCSC Greenhouses and at a local native plant nursery (Central Coast
Wilds). All seedlings (except Symphyotrichum chilense) were approximately three months old at
the time of planting in late January 2012 and had individual covers of <0.25 dm®.
Symphyotrichum chilense seedlings had delayed germination and were planted in May 2012.

The entire 10x10-m area of each fully-planted plot was planted in 22 rows of 22 plants
for a total of 484 plants per plot (Fig. 2A). The plugs were planted at a distance of 45.45 cm from
each other and plot boundaries. Each row was planted with a single species, and there were 11
rows of forbs/rushes and 11 rows of grasses. In each plot, there were two rows of A. millefolium,
C. davyi, G. stricta, T. wildenovii, J. patens; one row of Symphyotrichum chilense; four rows of
H. brachyantherum and B. carinatus; and three rows of Stipa pulchra planted in an alternating
pattern. The forbs/rushes were planted on one side of each plot, and the grasses were planted on
the other side. This layout was designed to allow the use of broadleaf and grass-specific
herbicides for future control of exotic species.

One third of the 10x10-m area of each island plot was planted with plugs. The seedlings
were planted in four 2.25x%2.25-m islands with 2.5 m between each island and 1.5 m between the
islands and plot boundaries (Fig. 2B). Each island had 6 rows of 6 plants, for a total of 144 plants
per plot. As in the fully-planted plots, the plugs were planted 45.45 cm apart, and each row had
one species. There were two forb/rush islands and two grass islands, with forbs/rushes on one
side of the plot and grasses on the other side. Each forb/rush island had one row of each species,
and each grass island had two rows of each species planted in an alternating pattern.

In late May 2012, four months into the experiment and after the first round of vegetation
monitoring by Adams (2012) and Heaston (2012), we mowed half of every plot. Plots were
mowed perpendicular to planted rows, so half of the forbs/rushes and half of the grasses were
mowed. We encountered difficulties with obtaining a permit to use a grass-specific herbicide at
the study site, so we mowed as an alternative management technique to control exotic regrowth
which was primarily grasses.

Data collection
Survival and individual cover

In April and May 2013, during the second year of the experiment, we measured the
survival (dead or alive) and cover (to the nearest dm?) of individual native plants. C. davyi and T.
willdenovii are annuals so were not included in survival and individual data collected in 2013. In
fully-planted plots, we measured the survival and individual cover of 11 or 12 plants per species
per plot. In island plots, we measured the survival and individual cover of all plants.

Total percent cover of plant guilds

In April and May 2013, we also measured the total percent cover of four plant guilds:
native grasses, native forbs, exotic grasses, and exotic forbs. To measure percent cover, we
divided each plot into two 10x5-m subplots, mowed and not mowed (Fig. 3). Each subplot had
six 4-m transects spaced 1 m apart and 1 m from plot boundaries. The transects were laid out east
to west, parallel to planted rows. We placed a 1x0.25-m quadrat on a random point on each
transect, with the quadrat placed north to south, perpendicular to the transect and planted rows.
There were 6 quadrats per subplot. In each quadrat, we estimated the percent cover of each of the
four plant guilds. Cover was visually estimated in intervals of five percent and then averaged.
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For example, the first cover interval was 0-5%, which would be represented by the average of
2.5%. Overlapping species cover resulted in total cover that could exceed 100% per quadrat.
Recruitment

In February 2013, early in the second growing season, we measured seedling recruitment
of four native forb species, 4. millefolium, C. davyi, G. stricta, and Symphyotrichum chilense. It
was not possible to reliably identify grass or rush seedlings, and no 7. willdenovii survived in
2012 to set seed. We ran five transects parallel to the planted rows and used a log scale to
estimate number of seedlings of each forb species in each plot. In April and May 2013, we more
carefully measured the recruitment of the four forb species in the forb/rush side of each plot. We
divided fully-planted plots into two subplots, mowed and not mowed, with 11 forb rows per
subplot (Fig. 4A). We centered a 1x0.25-m quadrat on each forb row in each subplot (n = 22
quadrats per fully-planted plot). We counted the number of seedlings and ramets of each species
in each quadrat. In each island plot, there was one mowed island and one non-mowed island,
with six forb rows per island (Fig. 4B). We centered a quadrat on each forb row. We also placed
one quadrat approximately 45 cm outside the row nearest the edge of the plot and three
additional quadrats outside the row nearest the interior of the plot (n = 20 quadrats per island
plot).
Statistical Analysis

I used three-way analysis of variance (ANOVA) to determine the effects of mulch,
planting design, and mowing on the survival and individual cover of each species. I used the
same statistical test to determine the effects of each treatment on the percent cover of four plant
guilds (native forbs, native grasses, exotic forbs, and exotic grasses). My initial models included
the three main effects and all two-way interactions. The interaction terms were not statistically
significant, so I reran the models with only the main effects to increase power. All data were
analyzed using JMP statistical software (v.10, SAS Institute) and p<0.05 is considered
significant. I did not statistically analyze recruitment data because overall recruitment was very
low across all treatments.

RESULTS

Across all treatments, Symphyotrichum chilense had the lowest mean survival (13%) and
H. brachyantherum had the highest mean survival (64%) in the second growing season.
Symphyotrichum chilense had the lowest individual cover (0.3 dm?) and G. stricta had the
highest (4.1 dm?, Table 2). Survival of all species was much lower the second growing season
compared to the previous year (Adams 2012), likely due to low rainfall, while change in
individual cover was more variable (Table 2). Total native and exotic cover increased from 2012
to 2013 (Heaston 2012), but total native cover was very low compared to exotic cover in both
years. Native forb recruitment was also very low across treatments (Table 5). We found
seedlings of the annual native forb C. davyi in many more plots in February than in April/May
2013 (18 plots and 5 plots, respectively), suggesting high seedling mortality, which was likely
related to drought stress.
Mulch

The three native forb species (4. millefolium, G. stricta, and Symphyotrichum chilense)
and the native grass B. carinatus had higher survival in mulched than non-mulched plots (Fig.
5A, Table 3), whereas survival was similar in mulched and non-mulched treatments for the
remaining species (Table 3). Individual cover of Symphyotrichum chilense was significantly
higher in mulched than non-mulched plots (Fig. 5B, Table 3). The forbs A. millefolium and G.
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stricta and the rush J. patens showed a similar trend although it was only marginally significant
(Fig. 5B, Table 3). Total cover of exotic grasses was significantly lower in mulched plots than
non-mulched plots (Fig. 6A), but mulch did not affect total cover of native grasses, native forbs,
or exotic forbs (Table 4). In addition, over 97% of all new recruits were in mulched plots (Table
5).
Planting design

The native forbs G. stricta and A. millefolium had higher survival and larger individual
cover in island plots than fully-planted plots, although differences were only marginally
significant for 4 millefolium (Fig. 7A,B). Planting design did not have a significant effect on
other individual species or on the total cover of the different plant guilds (Table 4).
Mowing

All three of the native grass species (B. carinatus, H. brachyantherum, and Stipa pulchra)
had lower survival in mowed than non-mowed subplots (Fig. 8), but mowing did not affect the
individual cover of the native grass or forb species. Also, mowing did not affect the survival or
individual cover of the native forb species (Table 3). Total exotic grass cover was lower in
mowed subplots than non-mowed subplots (Fig. 6B), whereas mowing did not affect the other
plant guilds (Table 4).

DISCUSSION
Mulch

Adding mulch as a method for site preparation clearly had a beneficial effect on native
plant restoration. Mulch increased the survival and/or individual cover of five species which is
consistent with previous studies of mulching at YLR (Adams 2012, Mann 2012) and in other
systems (Kraus 1998, Gruda 2008). Mulch also decreased the percent cover of exotic grasses,
suggesting that mulch slows reestablishment of exotic species from the seed bank (Jodaugien¢ et
al. 2006, van Donk et al. 2011). The native species likely had higher survival, growth, and
recruitment in mulched plots due to lower competition with exotic grasses, which is a major
factor limiting native establishment in California grasslands (Stromberg & Kephart 1996,
Hamilton et al. 1999, Stromberg et al. 2007). Increased soil moisture could have also played a
role. Water availability is a key determinant of California grassland dynamics (Reever-Morghan
et al. 2007), and water has been shown to be the primary limiting resource for Stipa pulchra
(Hamilton et al. 1999). Several past studies show that mulch increases soil moisture (Chambers
2000, Chafe 2011, van Donk et al. 2011), and increased water availability could have been
particularly important for the species in our experiment considering the low rainfall throughout
the study. In addition, more than 97% of native forb recruits were in mulched plots, which is
consistent with Chambers’s (2000) suggestion that mulch increases seedling emergence in arid
systems.
Planting design

Applied nucleation as a method of revegetation appeared to be a viable, cost-effective
alternative to full plantings. Although the island plots had 70% fewer plants, the percent cover of
various plant guilds were not significantly different between the two planting treatments. This
result is consistent with Grygiel et al. (2009) who found that sites which were completely seeded
had similar native forb density and native grass frequency than sites that were 25% seeded.
These findings suggest that applied nucleation is a suitable alternative to fully planting an area,
since applied nucleation requires fewer plants while resulting in similar native cover compared to
fully-planted areas. However, native plant mortality was high across all treatments probably due
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to drought stress, so when planted in wet years or irrigated systems, fully-planted areas might
initially yield higher native cover than islands. Moreover, this study is only in its second year,
and monitoring in subsequent years is necessary to evaluate how total native cover of each
planting treatment will change as the experimental plants increase in size and recruit. Since the
success of applied nucleation is contingent on the expansion of the planted islands (Corbin &
Holl 2012), I was initially concerned that this planting design would not be effective in a
California grassland with recruitment-limited native species (Tilman 1997, Seabloom et al.
2003a,b). In this case, applied nucleation and full planting both resulted in similarly low native
cover, and continued research can investigate if recruitment limitation will be a barrier to
increasing native cover in both planting treatments or if the treatments will differentially affect
native cover over time.

Applied nucleation also had the unanticipated benefit of increasing survival and
individual cover of some native species. We saw this result from the beginning of the study
(Adams 2012), although this trend is not immediately clear and is not consistent with another
study that found less growth in islands (Holl et al. 2011). One possible explanation for higher
survival and individual cover in island plots is less resource competition between planted
individuals, especially for plants at the edge of the islands. Certain species, such as A.
millefolium and G. stricta, had high individual covers and tend to spread out more than other
species, so they might require more space between plants to avoid competition and reduced
growth (Huddleston & Young 2004).

Mowing

Mowing as a method of continued management negatively affected both exotic and
native grasses. The exotic grasses at this site were primarily annuals, and mowing controls tall
annual grasses by reducing standing biomass, seed production, and recruitment from seeds in the
next growing season (DiTomaso 2000). The decrease of exotic grass cover in mowing treatments
is consistent with other studies (Maron & Jeffries 2001, Lulow 2008, Holl & Hayes 2011,
Marushia & Allen 2011), showing that mowing is effective for controlling tall-statured exotic
annual grasses. However, | found that mowing also decreased survival of three native perennial
bunchgrasses (B. carinatus, H. brachyantherum, and Stipa pulchra). This result is consistent
with some studies that have shown negative responses of bunchgrasses to defoliation treatments
such as mowing and grazing (Elymus glaucus: Rusmore 1995, Bromus carinatus: Hufford et al.
2008), but others have found more variable responses (Stromberg & Griffin 1996, Hatch et al.
1999, Hayes & Holl 2011).

The negative response of mowing on some native bunchgrasses could be related to the
timing of mowing and the low rainfall during this study. Because native bunchgrasses are tall-
statured and slow-growing (Menke 1992, Stromberg & Kephart 1996), mowing in the first year
could have reduced too much of the seedlings’ photosynthetic tissues, causing stress and
mortality. Drought likely exacerbated these effects. We mowed at the beginning of the dry
season of a dry year, and the bunchgrasses likely could not recover from the loss of biomass in
drought conditions. Allowing native bunchgrasses a year or two to establish before initiating
mowing as a management strategy may be necessary. In addition, timing is important for the
success of mowing (DiTomaso 2000), and an alternative is to mow at different times of the year.
For example, mowing earlier in the growing season when bunchgrasses have little annual growth
and when exotic annual species have undeveloped seeds could reduce annual grass competition
while not reducing the living biomass of native bunchgrasses (Stromberg et al. 2007). Since the
effects of defoliation are species-specific rather than consistently favoring natives over exotics
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(Stromberg and Griffin 1996, Hufford et al. 2008, Hayes and Holl 2011), it is important to
consider the responses of target and non-target species when implementing mowing as a
management strategy (Huddleston and Truman 2005). Future research should compare the
vegetation composition in mowed and non-mowed plots to evaluate the effect of mowing on
different species.
Species recommendations

My results suggest that three native bunchgrass species (Bromus carinatus, Hordeum
brachyantherum, and Stipa pulchra) show promise for restoration at YLR. B. carinatus and H.
brachyantherum had relatively high survival and cover in the second growing season, but Stipa
pulchra had low survival and cover in the second year likely due to drought stress. Stipa pulchra
grows more slowly than the other bunchgrasses (Stromberg & Kephart 1996), so in low rainfall
years I recommend irrigating Stipa pulchra seedlings or outplanting older individuals to increase
survival. Once established, bunchgrasses are good competitors (Seabloom et al. 2003b) and can
be long-lived (Hamilton et al. 1999). I would also recommend utilizing the rhizomatous forb
Achillea millefolium because it had high survival and cover in both years. It also recruited in the
form of seedlings and new ramets and dispersed the farthest of the forb species (Fay 2013). I do
not recommend the forb Symphyotrichum chilense for restoration because it had very low
survival and cover.
Conclusion

Results of this study provide insight into the most effective strategies for coastal prairie
restoration at YLR. First, | recommend mulching because it controls exotic vegetation and
improves the survival, individual cover, and recruitment of native species. Second, I recommend
utilizing applied nucleation because it yields similar total native cover to full planting and is
more cost effective. Third, mowing reduces exotic grass cover but should not be started until at
least the second year to allow native bunchgrasses to become established enough to recover from
mowing. In addition, this research should be continued to evaluate how the effects of these
management strategies will change over time.
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TABLES

Table 1 List of native species planted in this experiment.

Species Form | Lifespan | Rhizomatous
Achillea millefolium forb perennial | yes
Clarkia davyi forb annual no
Grindelia stricta forb perennial | no
Symphyotricum chilense forb perennial | yes
Trifolium willdenovii forb annual no
Bromus carinatus grass perennial | no
Hordeum brachyantherum | grass perennial | no
Stipa pulchra grass perennial | no
Iuncuc natenc rmch nerennial ves

Tang 11

Table 2 Survival and individual cover for each species across all treatments. 2012 data are from

Adams (2012).
Species Survival - Survival - Cover (dm”) | Cover (dm”)
Apr. 2012 Apr. 2013 —Apr. 2012 | — Apr. 2013
A. millefolium 66% 57% 1.3 2.5
G. stricta 48% 30% 0.9 4.1
S. chilense - 13% - 0.3
B. carinatus 95% 56% 1.4 0.9
H. brachyantherum 97% 64% 1.6 1.1
S. pulchra 91% 43% 0.3 0.4
I natens R0% 3R% 013 04




Tang 12

Table 3 ANOVA testing the effect of planting method, mulch, and mowing on the survival and
area of native species in 2013. Df=1,36 for each effect test. Interaction terms were not
statistically significant and were excluded from the final analysis.

Survival Area
Species Main Effect F P F P
Forbs
Achillea millefolium Planting 3.79 0.0595 3.73 0.0614
Mulch 5.45 0.0252 4.08 0.0509
Mow 0.04 0.8468 0.05 0.8314
Grindelia stricta Planting 4.59 0.0390 5.33 0.0268
Mulch 4.59 0.0390 3.99 0.0535
Mow 0.01 0.9322 0.35 0.5570
Symphyotrichum chilense Planting 1.83 0.1844 2.27 0.1406
Mulch 12.69 0.0011 5.53 0.0243
Mow 0.09 0.7630 0.29 0.5921
Graminoids
Bromus carinatus Planting 0.84 0.3649 1.02 0.3189
Mulch 5.47 0.0250 3.94 0.0549
Mow 7.65 0.0089 0.07 0.7896
Hordeum brachyantherum Planting 0.04 0.8377 1.07 0.3069
Mulch 0.10 0.7550 4.86 0.0340
Mow 7.36 0.0102 0.93 0.3411
Stipa pulchra Planting 0.47 0.4987 0.44 0.5092
Mulch 1.39 0.2455 7.45 0.0098
Mow 4.20 0.0476 1.05 0.3134
Juncus patens Planting 2.06 0.1595 1.16 0.2894
Mulch 0.17 0.6840 3.88 0.0566
Mow 0.67 0.4172 | <0.01 0.9904




Tang 13

Table 4 ANOVA testing the effect of planting method, mulch, and mowing on the percent cover
of four plant guilds in 2013. Df=1, 36 for each effect test. Interaction terms were not statistically
significant and were excluded from the final analysis.

Total Cover

Guild Main Effect F P
Native grasses Planting 0.31 0.5817
Mulch 1.71 0.1991
Mow 0.57 0.4568
Native forbs Planting 1.20 0.2808
Mulch 1.20 0.2808
Mow 2.65 0.1122
Exotic grasses Planting <0.01 0.9498
Mulch 42.45 <0.0001
Mow 10.12 0.0030
Exotic forbs Planting 0.01 0.9071
Mulch 0.77 0.3876
Mow 2.10 0.1560

Table S Native forb recruitment in the form of seedlings and new ramets and percentage of
recruits occurring in mulched plots compared to non-mulched plots.

Species Total seedlings | Total ramets :ﬁii;ignﬁzg :{;}urlirl?eezispi]l:) s
Achillea millefolium 80 98 97.5 97.7
Clarkia davyi 68 - 98.5 -
Grindelia stricta 26 - 100 -
Symphyotrichum chilense 0 62 - 100
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Figure 1 Total annual rainfall from 2005 to 2013. The values represent total rainfall from
October to April. The shaded area indicates the duration of this study. Data were collected at a
weather station at the Long Marine Lab at University of California, Santa Cruz.
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Figure 2 Plot layout of the fully-planted plots (A) and island plots (B).
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Figure 3 Layout of data collection for percent cover of four plant guilds (native grasses, native
forbs, exotic grasses, and exotic forbs) in each plot. There were two subplots, mowed and not
mowed, with six 1x0.25-m quadrats (grey rectangles) per subplot for a total of 12 quadrats per

plot.
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Figure 4 Layout of data collection for recruitment of native forbs in full (A) and island (B) plot.
For the full plots, there were 11 1x0.25-m quadrats (grey rectangles) per mowed and not mowed
subplot, for a total of 22 quadrats per plot. For the island plots, there were 10 1x0.25-m quadrats
per island for a total of 20 quadrats per plot.
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Figure 5 The effect of mulch on the survival (A) and individual cover (B) of three native forb
species (AM=Achillea millefolium, GS= Grindelia stricta, SC= Symphotrichum chilense). Error
bars represent one SE (n=10 per treatment).
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Figure 6 The effect of mulch (A) and mowing (B) on the percent cover of exotic grasses.
Error bars represent one SE (n=10 per treatment).
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B FULL
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Figure 7 The effect of planting method on the survival (top) and individual area (bottom) of two
native forb species (AM=Achillea millefolium, GS= Grindelia stricta). Error bars represent one
SE (n=10 per treatment).



Tang 21

Figure 8 The effect of mowing on the survival of three native bunchgrass species (BC=Bromus
carinatus, HB=Hordeum brachyantherum, SP=Stipa pulchra). Error bars represent one SE (n=10
per treatment).
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APPENDIX

Appendix 1 Layout of plots and treatments at the study site. [=Island, F=Full, M=Mulch,
NM=Mulch, and Seed=Drill-seeded. Drill-seeded plots were not included in the results presented
in this paper.
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Habitat Types of Younger Lagoon Reserve

The term Ecology is etymologically taken from the greek ‘Oikos’ which translates
to home. Ecologists examine patterns, and set classifications in order to better understand
the “dwelling place of an organism or community that provides the requisite conditions
for its life processes” (SER International Primer 2004). The word “habitat” encompasses
the physical features of a landscape, vegetation, organisms and their interactions. Habitat
types are often challenging to identify because they are subject to change and fluctuate
based on climate, time, and spatial scale. Many vegetation classification systems have
been developed that use varying hierarchy’s characteristics or geographically scales. The
California Native Plant Society established basic rules of dominance for larger units of
floristic composition called series, habitats, and unique stands (Sawyer & Wolf 1995).
For wetlands physical features of the environment are sometimes used as the first
indication of habitat followed by features such as water regime, soil composition, and
then biological dominance (Cowardin et al. 1979). Developing vegetation classifications
can assist conservation efforts, land use planning and restoration, as well as develop a
framework for understanding vegetation dynamics.

The coast of California has a high diversity of habitats, a number of which are
represented at Younger Lagoon Reserve (YLR). In total, 11 distinct habitat types are
described in the Resource Management Plan (CLRDP 2008). These include both lowland
and upland classifications. Lowland habitat types include: coastal strand, coastal salt

marsh (pickleweed), three types of freshwater marsh (cattail, bur-reed, and Pacific



oenanthe), central coast arroyo willow riparian forest (extending onto upland slopes in
some areas), and barren area. Upland habitat types include: coastal scrub, coastal scrub-
grassland, central coast arroyo willow riparian forest, and ruderal vegetation. On the
terrace portion seven different habitats have been defined including: non-native
grassland, coyote brush scrub-grassland, coastal bluff community (with two phases:
mixed and ice plant), seasonal pond, freshwater marsh - coastal terrace, herb community
dominated by willow-herb and Baccharis douglasii, and moist meadow (CLRDP 2008).

The climate at YLR is characterized as Mediterranean. Summers are dry and
warm with fog typically 30%-40% of the days and winds coming in from the northwest.
Winters are wet and cool. The proximity to the coast exposes the site to relatively high
wind, coastal fog, and salt spray (CLRDP 2008). The elevation ranges from 37 feet (11.3
meters) above sea level on the bluff top southern boundary to 51 feet (15.5 meters) above
sea level at the northern region.

The terrace wetlands soils are predominantly Watsonville Loam on the southern
and northern parts of the site and Elkhorn Sandy Loam on the central portion (CLRDP,
2008). Watsonville Loam soils exhibit poor drainage and very slow permeability of water
(USDA 2013). Elkhorn Sandy Loam soils formed from old stabilized sandy dunes,
exhibit good drainage, and are moderately slow permeability (USDA 2013).

For the purposes of this essay I will address the three primary habitats undergoing
restoration on the YLR coastal terrace lands: coastal prairie, northern coastal scrub, and
seasonal freshwater wetlands. For each of these categories I will provide a historical

overview, classification characteristics, and common flora/fauna communities.



Coastal Prairie

Coastal prairies on the west coast of North America range from Oregon to
southern California occur typically within 100km of the coast (Immel-Jeffery et al. 2012).
“North Coastal Prairie” habitat is characterized by tall perennial grasses and forbs, and a
subhumid climate (Barbour et al. 2007). YLR coastal prairie occurs within a coastal
terrace setting. Uplifted marine terraces such as those that occur at YLR have deep, well-
drained grassland soils (Immel-Jeffery et al. 2012). Virtually all of historical coastal
prairie habitats have been impacted by invasions by non-native annual grasses, perennial
grasses and perennial dicots (CNPS 2013). Four factors that have contributed to the
drastic reductions in undisturbed coastal prairie are: invasions of exotic grass species,
grazing pressures, elimination of fire disturbance regimes, and land use conversion for
housing and agriculture (Heady et al. 1988).

Coastal prairie soils are characterized by high carbon content and primary
productivity (Jackson et al. 2007). Both above and below-ground plant litter and the by-
products of decomposition lead to the accumulation of high levels of soil carbon in
grasslands (Jackson et al. 2007). Consequently native vegetation is adapted to lower soil
nitrogen levels. Inputs of nitrogen can facilitate the invasion of weedy annuals in
California coastal prairie systems (Maron & Jeffries 1999). At YLR years of
conventional agriculture, including tillage and Brussel’s sprout production, have
effectively eliminated the native seed bank and soil microbial communities. In addition,
there is evidence of extensive burrowing activities by rodents, which may by the cause of

soil loosening and aeration (CLRDP 2008).



Coastal prairie is delineated by the presence of perennial bunchgrasses (Ford &
Hayes 2007). The coastal prairie plant community can be defined as originally bunch
grasses with a diversity of annual and perennial fords, which now heavily influenced by
annual introduced exotic grasses (Munz & Keck 1973). Coastal terrace prairie is
described as a dense, tall grassland (to 1m tall) that is often patchy with varying
composition based on local differences in soil texture (Holland 1986). Based on reference
sites perennial grass species such as Danthonia californica (oatgrass), Stipa pulchra
(purple needlegrass), Elymus glaucus (blue wild rye), and Hordeum brachyantherum
(meadow barley) have been identified as characteristic species for coastal prairie
restoration at YLR (Holl & Reed 2010). Interspersed among the grass species are
perennial (e.g. Achillea millefolium (yarrow)), and annual (e.g. Clarkia davyi, Lupinus
spp. (lupine)) (Holl & Reed 2010). For more complete descriptions of YLR vegetation
communities see the chapter “Plant Identification” by Rebecca Evans.

Prairie habitats are adapted to several types of disturbances including fire and
grazing. Native Americans used to manage the scope and intensity of these fires to
support human activities and maximize resources from this valuable ecosystem
(Anderson 2007). Germination of many prairie species seeds is triggered by smoke and
there is evidence that burning influenced the land distribution, diversity, and succession
of California prairies (Anderson 2007). Managed fire regimes can be used to kill
introduced annual grasses, reduce competition for native species, reduce thatch, and in
the long term promote historical components of grassland communities. Although it is
clear that historically fires have been a part of grassland ecology the use of prescribed

fires in restoration is highly site, season, and species specific (Reiner 2007).



Grazing by ungulates has affected by the ecology of grasslands traced back to the
Pleistocene era. Megafauna species dominated North America until around the time
Europeans arrived and began establishing themselves on the land (Stromberg et al. 2007).
European settlers brought in cattle and other livestock and used grasslands as grazing
pastures. Grazing can stimulate new growth, seed dispersal and germination of grasses
(Immel-Jeffery et al. 2012). Grazing has been shown to have negative, neutral, or positive
effects on native grassland restoration depending on how it managed as well as the
grassland plant and animal species at a site. It is often recommended to create a mix of
disturbance regimes as appropriate for a projects unique features and goals (Hayes &
Holl 2003).

Several faunal communities utilize coastal prairie habitat including some sensitive
wildlife. A variety of small mammals populate grasslands and contribute to herbivory.
Voles, ground squirrels, kangaroo rats, and other burrowing rodents can cause soil
disturbance in a coastal prairie (Schiffman 2007). Other mammals observed in grasslands
can be characterized as predators of the smaller mammals including: coyotes, bobcats,
large cats, and predatory birds. YLR is a well-known place to bird watch as more than 60
migratory birds visit the site and 25 species breed there (UC Natural Reserves 2009). The
federally endangered Ohlone tiger beetle (Cicindela ohlone) depends on coastal prairies,
although it has not been found at YLR (Ford & Hayes 2007).

Coastal prairie restoration management is very site specific and therefore depends
highly on the goals of the project. Mowing and focused weed removals have been shown
to help stimulate restoration in prairie near Santa Cruz (Ford & Hayes 2007). Other

management studies have looked at the effects of grazing and fire disturbance as tools for



recovery. The extent of coastal prairie habitat can be difficult to delineate due to high
levels of disturbance and its natural patchiness. There is often an intergradation between
coastal prairie and northern coastal scrub with an overlap of similar plant species.
Ironically these shrub species crowd out the also rare coastal prairie grasses, another side
effect of the absence of disturbance regimes (Ford & Hayes 2007). As both of these
habitat types become more rare they are increasingly regulated and distinguished from
each other.

Northern Coastal Scrub

Northern coastal scrub habitat occurs in marine-influenced climates ranging from
northern Santa Barbara County not to southern Oregon (Ford & Hayes 2007). The
community at YLR is referred to as northern coastal scrub on coastal terraces intermixed
with northern coastal bluff scrub. The northern coastal scrub at YLR is dominated by the
canopy species Baccharis pilularis (coyote brush) (Reed 2011). At YLR coastal scrub
habitat is primarily located in the southern cliff areas nearer the ocean and in two main
patches near wetland four on the terrace. Management goals for this area are to plant
more diverse native shrub and forb species to create a more accurate representation of
northern coastal scrub.

Plant communities of northern coastal scrub range from herbs to woody shrubs
(Reed 2011). The most common species present in northern coastal scrub habitats are
Baccharis pilularis, Toxicodendron diversilobum (poison oak), Artemisia californica
(California sagebrush), and Lupinus arboreus (yellow bush lupine) (Reed 2011).
Indicator species for determining northern coastal scrub include: Baccharis pilularis,

Eriophyllum staechedifolium, Artemisia californica, Erigeron glaucus, Eriogonum



latifolium, and Dudleya farinosa (for common names see “Plant Identification” by
Rebecca Evans) (Pollock & Dolman 1991). Disturbance-adapted pioneer species are
typically: B. piluaris, Toxicodendron diversilobum, Achillea millefolium, and Rubus
ursinus (Pollock & Dolman 1991). Vegetation is generally shorter in height (0.5-2m tall)
due to prevailing winds and high rates of exposure (Holland 1986). Differences in soil
type, anthropogenic disturbance, and extent of fog, rain and wind all affect species
composition and plant morphology (Pollock & Dolman 1991). These have been seen to
effect species composition and plant morphology (Pollock & Dolman 1991).

Control of coastal scrub communities through the reestablishment of disturbance
regimes is often required to maintain open grassland areas (Ford & Hayes 2007). Coastal
scrub communities are often the next successional stage in grasslands, invaded firstly by
coyote brush (Ford & Hayes 2007). Studies show that succession can happen after only a
couple years of exclusion of disturbances. Both fires and grazing have in the past acted as
mechanisms for limiting the extent of scrub community growth. Without management,
coyote brush can become a fire hazard due to high quantities of woody material and dry
weather. Today northern coastal scrub is a major vegetation type in California’s’ Coast
Range remaining open spaces, parks, and other rural wildlands (Ford & Hayes 2007).

Freshwater Wetlands

Wetland, stream, and riparian habitat make up a total of 18.7 acres (75676 square
meters) of land at YLR according to the 2008 Coastal Long Range Development Plan.
Wetland habitat, as defined by the U.S. Fish and Wildlife Service, are “lands transitional
between terrestrial and aquatic systems where the water table is usually at or near the

surface or the land is covered by shallow water” (Cowardin 1979). Wetland habitats are



highly productive and have many beneficial ecosystem services such as anaerobic
conditions that aid decomposition, soil composition that aids water filtration, and erosion
control (Faulkner & Richardson 1989). The wetlands at YLR are important for drainage
of surface water and as a storm water buffer to the ocean. Wetlands are historically the
most heavily impacted ecosystem in California with approximately 90-95% recorded loss
(Grewell et al. 2007). As a result of the California Water Act (CWA) and a subsequent
Memorandum of Understanding in 1990, the U.S. has a no-net loss of wetland habitats
policy (see Background to YLR Chapter). The existence of jurisdictional wetlands at
YLR and their associated protections is one of the primary legislative incentives for
habitat restoration in the area.

Several definitions and classification systems of wetlands are administered by
various federal and state regulatory agencies. The main diagnostic environmental factors
one must consider when classifying different types of wetlands include hydrology,
geomorphology or soil composition, and species composition (van der Valk 2012). The
Army Corps of Engineers (ACOE) and the U.S. Fish and Wildlife Service (USFWS) are
federal agencies that both have definitions, which vary in inclusiveness while following
the same guidelines of hydrophytic vegetation, hydric soils, and hydrology (CCC 1994).
USFWS uses a hierarchical system to classify wetlands beginning with system type, then
sub-system type or class, and then dominance type. System types are determined by
looking primarily at the sites hydrology and substrate materials. Dominance type is
assigned based on the dominant plant and animal communities (Cowardin 1979). By
using hierarchical systems of classification agencies can determine wetland types using

key environmental factors.



The terrace lands of YLR are classified in the Coastal Long Range Development
Plan as coastal seasonal freshwater wetlands, a particularly unique habitat. Their ecology
and natural history are not well defined, which makes delineating them challenging to
study. These wetlands vary in soil moisture levels by season and are often dry during
summer months. The high rates of land use conversion for agriculture and common use
of tilling make it hard to predict the historical distribution of this habitat type (Reed
2011).

The hydrology of wetlands drives many of its other features. Hydrology is the
movement and storage of water (van der Valk 2012). The ‘water budget’—inputs and
outputs over some time period-- of a wetland often determines its habitat classification. In
areas with shallow groundwater microtopography can impact surface runoff and nearby
vegetation (Van der Ploeg et al. 2012). YLR terrace has a gentle slope with elevations
changing by 14 feet (4.2 meters) above sea level from the northern end to the southern
end. The average rainfall per year is approximately 30 inches (76.2 centimeters) (CLRDP
2008). YLR wetlands are seasonal, meaning that they are only periodically inundated
with water depending on rainfall and soil characteristics.

Soil composition is another key factor in the identification of a wetland habitat.
Features that set wetland ecosystems apart from others include low oxygen levels in soil
composition and dense plant canopies made up of macrophytes (van der Valk, 2012).
Freshwater wetlands typically are finely textured, with poor drainage and high rates of
decomposition (Mitsch & Gosselink 2000). Low oxygen levels facilitate decomposition,

and nutrient filtration. The terrace wetlands soils have predominately poor drainage



characteristics with a water table between two to ten feet below the surface (CLRDP
2008).

Wetland vegetation is adapted to a wide gradient of physical and chemical
stresses, including low oxygen levels and periodic flooding. Wetland vegetation has been
shown to be sensitive to slight changes in elevation and slope (Grewell et al. 2007).
Consultants identified five wetland vegetation types on the terrace based on existing
vegetation communities inhabiting the wetland (CLRDP 2008). Today most of the
wetlands on the terrace are dominated by non-native vegetation such as Lolium
multiflorum, Rubus ursinus, and native pioneer species Baccharis douglasii. Based on
student reports vegetation in Wetland four is dominantly non-native grasses and the
California native Epilobium ciliatum. Wetland five has several plant species with high
wetland indicator status based on the U.S. Department of Agriculture classifications.
These include Juncus bufonius (native), Rumex crispus (non-native), Eleocharis
macrostachya (native), Polypogon monspeliensis (non-native), Scirpus maritimus
(native), and Epilobium ciliatum (native) (Shearer 2011).

The seasonal wetlands at YLR provide excellent habitat for a variety of animal
species. Over 200 species of birds have been observed at YLR, many of which have
nested in the region (CLRDP, 2008). Mammals such Urocyon cinereoargenteus (gray
fox), Felis rufus (bobcats), Sylvalagus bachmanii (brush rabbit), and Microtus
californicus (California vole) among many others are known to use these areas to forage
(UC Natural Reserve 2009). The federally threatened Rana draytonii (California red-
legged frog) as well as the more common Pseudacris regilla (pacific tree frog) has been

observed in the wetlands at YLR.



When identifying habitat types it is important to consider both physical and
biological factors of a particular site. Delineating habitats in cases such as YLR
illuminates the interconnectedness of these complex systems. Northern coastal scrub,
coastal prairie, and freshwater wetlands form a mosaic across the terrace site. While
classifying habitats is beneficial for understanding their dynamics, resource management

needs to be adaptive to the sites unique environmental and physical features.
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Evaluating the cover and survivorship of grasses, herbs, and shrubs facilitated by the nurse
plant, Baccharis pilularis at Younger Lagoon Reserve

Introduction

Coastal California scrub habitat is an ecosystem that is becoming rare and endangered
due to land use change, agriculture, and invasive species competition (Rubinoff, 2008). Fire
suppression has altered the natural fire regime and prior agricultural development has resulted in
land degradation, which has led to a decline in native species cover and an increase in exotic
grasses (Reed et al., 2011). It is important to develop restoration techniques that can establish
native plants efficiently and cost effectively. The research being conducted at Younger Lagoon
Reserve (YLR) aims to do just that. YLR is located along the northern California coast in the city
of Santa Cruz and is host to multiple restoration experiments trying to increase native plant cover
(Reed et al., 2011). Baccharis pilularis (coyote brush) is a native shrub that is often the first to
colonize disturbed areas and is still found in many coastal scrub habitats such as YLR (McBride
and Healy, 2006; Ford and Hayes, 2007). Research being conducted in YLR is testing the
facilitation properties of B. pilularis as a way to establish and increase native plant cover.

Nurse plants have been shown to facilitate the establishment of other species through a
number of mechanisms (Callaway, 1992; Holl, 2002; Gomez et al., 2007). Holl (2002) found that
shrubs in the tropics of Costa Rica attract more birds and consequently have a higher rate of seed
rain. Shrubs also shade out grasses, and this reduces competition and allows seedlings to
establish (Holl, 2002). A larger study conducted in the Mediterranean over a broad geographic
area found that shrubs facilitated tree seedling development, especially in low altitudes with drier
and hotter conditions (Gomez et al., 2004). Seedling survival rates under shrubs were higher than
in open grassland, and shrubs provided protection from excess irradiation in the summer and
enough moisture to endure the droughts (Gomez et al., 2004). Another study in California found
that Quercus douglasii seedlings had higher rates of survival under shrubs than open grassland,
because shrubs provide shade that favors Q. douglasii (Callaway, 1992).

While nurse plants can facilitate native species establishment, they may also facilitate the
establishment of undesirable species. For example, B. pilularis has been shown to protect exotics
from herbivory and facilitate the conversion of grasslands to forest (Ford and Hayes, 2007;
Cushman et al., 2011). In Northern California, a study by Cushman et al. (2011) showed that an
exotic South African grass, Ehrharta calycina escaped herbivory from the Lepus californicus
(Black-tailed jackrabbit) by taking refuge in B. pilularis. Ehrharta calycina grew taller, was less
grazed upon, and produced more spikelets than non-associated individual (Cushman et al., 2011).
Baccharis pilularis also has an association with Quercus agrifolia (coast live oak) in which B.
pilularis facilitates the grass-brush-woodland succession by protecting seedling from cattle and
wildlife (Ford and Hayes, 2007). Baccharis pilularis has also been shown to facilitate the growth
of a legume in the coastal California dunes. Rudgers and Maron (2003) found that B. pilularis
facilitated seedling growth of Lupinus arboreus a nitrogen fixing legume. This finding is
interesting in that nitrogen fixers are usually the benefactors and not the beneficiaries of
mutualisms (Callaway, 2007). Given the facilitation properties of B. pilularis and its abundance
at YLR and other coastal scrub habitats, it is important to conduct research on its facilitation
effects on native plant establishment.
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Two prior research projects examining the facilitation effects of B. pilularis have shown
the potential benefits of using B. pilularis as a nurse plant for restoration. Whitaker (2010)
planted seedlings of three shrubs: Lupinus arboreus, Artemisia californica, and Eriophyllum
staechadifolium in three different microclimates along B. pilularis: edge, under canopy and open
grassland. Whitaker found that survival was greater on the edge of B. pilularis when seedlings
were protected from herbivory (2010). Following the findings from Whitaker’s research and
Reed’s YLR Restoration Monitoring Report (2011) that proposed increasing herbaceous cover
within the matrix of B. pilularis, Gordon’s (2012) study sought to further test multiple guilds
comprised of grasses, herbs, and shrubs in three different microclimates of open grassland,
interior, and edge of B. pilularis. Gordon found a trend with increased survival of Chlorogalum
pomeridianum and Clinopodium douglasii in the interior of B. pilularis. Clinopodium douglasii
had significantly higher cover in interior than the edge, while Eriophyllum staechadifolium and
Artemisia californica showed significantly higher cover on the edge than in the grassland. After
the first month, Gordon found that C. pomeridianum was mostly absent from the plots, likely due
to herbivory. Gordon measured survival and cover only three months after planting (2012).
Further monitoring of cover and survivorship would be beneficial to better assess the facilitation
effects of B. pilularis and inform restoration efforts.

My research focused on the cover and survival of Gordon plots in the three microclimates
one year after planting. Based on Whitaker’s and Gordon’s past research, I hypothesized that:

1. Cover and survivorship of grass and shrubs would be greater in the edge of B. pilularis

compared to that in the surrounding grassland habitat.

2. Cover and survivorship of herbs would be greater in the interior of B. pilularis

compared to the edge of the canopy.

Methods

Research was conducted at Younger Lagoon Reserve (YLR), which is located in Santa
Cruz County, CA. YLR was historically cultivated for Brussels sprouts and cattle ranching until
1983. It is comprised of wetlands, coastal scrub, grasslands and coastal bluffs that provides
habitat for a mixture of native and exotic plants. It is now part of the University of California
Natural Reserve system and host to multiple research sites (Reed et al., 2011). Based on Tim
Brown’s map of Gordon’s (2012) plot sites are located on the southeastern rim of YLR in the
coastal scrub habitat adjacent to the mobile home park approximately 150 meters from the ocean.

There are a total of 18 plots that were planted with grasses, herbs, and shrubs: six in each
of three habitat types (described below). The grasses include Stipa pulchra (purple needle grass),
Bromus carinatus (California brome) and Elymus glaucus (blue wildrye). The shrubs are
Eriophyllum staechadifolium (lizard tail), Artemisia californica (sage brush) and Mimulus
auranticus (sticky monkey flower). Lastly, the herbaceous species planted were Clinopodium
douglasii (yerba buena), Achillea millefolium (yarrow) and Chlorogalum pomeridianum (soap
plant) (Gordon, 2012). The three microclimates characterized by Gordon’s (2012) research were
interior of B pilularis where the vegetation had died back, at the edge of the canopy of B.
pilularis and lastly, in the open grassland three meters from the edge of B. pilularis.

Gordon collected seeds locally from similar ecosystems from June through September
2011 and propagated both at the UC Santa Cruz greenhouses and a local native plant nursery. All
species were germinated in the month of September 2011 and planted in February 2012. All
species hardened in close proximity to the research site at YLR for approximately three weeks
prior to planting (see Gordon 2012).
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Gordon planted shrubs and grasses in edge and outside plots in order to compare data of
seedlings. Gordon built six 1 x 1 m exclosures within the gaps of the B. pilularis canopy at each
plot location that consisted of herbaceous species only. Gordon built six 1 x 3 m exclosures
adjacent to the edge of the B. pilularis that contain species from all three guilds (herbs, grasses
and shrubs). Lastly Gordon constructed six 1 x 2 m exclosures in the microclimates outside of
the B. pilularis canopy that consisted of grass and shrub plant species only (see Gordon 2012).

Gordon denoted each species planted with a flag. Light blue flag without writing marks
Eriophyllum staechadifolium, yellow flag with writing marks Mimulus auranticus, white flag
with out a pink ribbon marks Stipa pulchra, yellow flag marks Artemisia californica, pink flag
marks Elymus glaucus, orange flag marks Bromus carinatus, red flag marks Clinopodium
douglasii, white with pink ribbon marks Achillea millefolium, green flag marks Chlorogalum
pomeridianum.

Gordon applied Glyphosate herbicide in order to reduce competition with exotic annual
grasses and forbs, a concentration of 2% was applied to all plots in early January 2012 and again
one week later. After treating plots with herbicide a layer of mulch was applied prior to planting.
Gordon along with interns transplanted the 324 seedlings into all of the exclosures in early
February 2012 (see Gordon 2012).

Approximately three months after out planting seedlings, Gordon weeded each exclosure
primarily of Carduus pycnocephalus (Italian thistle) and Silybum marianum (milk thistle) to
reduce competition. Gordon collected survival and cover data in April and September 2012,
although he only analyzed the April data for his thesis (Gordon 2012). Gordon used pre-cut
squares of known size to reference ranging from 0.25 to 4.0 dm” to estimate areal coverage of
each plant. I monitored Gordon’s cover and survivorship of his plots the same way to reduce any
variability and bias. I collected data on survival and vegetation cover of the species listed above
within the plots on April 24" 2013. T used pre-cut squares of known size ranging from 0.25 to 4.0
dm? to estimate the areal coverage of each plant I also used a quadrant of 50 dm” to measure
larger shrubs. I compared survivorship of each of the two treatments (either edge and interior or
edge and outside) for data taken in September 2012 and my own data in April 2013 using a
paired t-test. I also analyzed the percent mean cover of data taken in September 2012 and April
2013, but I focus on the results from April 2013 since the trends across habitat type were the
same.

Results
Edge vs. interior

In both September 2012 and April 2013 most species had similar survival in both habitat
types. Clinopodium douglasii had higher survival in the interior than the edge during both
sampling periods (September 2012, t=5.9, P=0.0019; April 2013, t=5.5, P=0.0028; Table 1).
Interestingly, in September no living C. pomeridianum were recorded, but they re-sprouted and I
found a number of individuals alive in April 2013. In April survival for A. millefolium and C.
douglasii was the highest with a mean of 2.5 plants out of 3, while C. pomeridianum had the
lowest with a mean of 1.2 plants (Table 1).

For both September 2012 and April 2013, C. douglasii had higher cover in the interior
than the edge (September 2012, t=3.3, P=0.0462) (April 2012, t=2.7, P=0.0577; Figure 1).
Achillea millefolium did show a higher cover in September (t=-3.0, P=0.0297), although, there
was no significance found in April 2013. There was no difference with C. pomeridianum.
Achillea millefolium showed the highest cover out of the three herb species (Figure 1).
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Edge vs. outside

For both September 2012 (t=2.7, P=0.0409; Table 2) and April 2013 (t=-2.9, P=0.0335;
Table 2). I found survival for E. staechadifolium was 100 percent in the edge, which is
significantly higher than in the outside treatments. There was no significant difference for the
other species. Grass survival had declined in both microhabitats from a mean of 2.2 (out of 3
plants) in September 2012 to 0.85 in April 2013 while shrubs survival remained high with means
of 2.7 in September and slightly decreasing to 2.6 in April (Table 2).

In both September and April, percent cover did not differ significantly in plots for any of
the species (Figure 2). However, I found a trend with B. carinatus with greater percent cover in
the outside treatment although with only one sample in the outside I could not run an analysis on
it (Figure 2). Two shrubs E. staechadifolium and A. californica showed high mean percent cover
compared to M. auranticus (Figure 2). Mean percent cover of grasses did not differ between
species except for B. carinatus that had one individual displaying high percent cover (Figure 2). I
did find B. carinatus had higher cover in the outside; however, no statistics could be used
because high mortality resulted in a small sample size that could not be analyzed.

Table 1. Means and standard error of survival (out of three individuals in each plot) of each herb
species in interior and edge habitat of Baccharis pilularis. Data from Sept. 2012 and April 2013.

Species Growth Form Interior Edge 9/11/12 | Interior Edge 4/24/13
9/11/12 4/24/13

Achillea Herb 22+03 23+03 22+04 2504

millefolium

Chlorogalum Herb 0 0 1.2+0.7 0.5+0.7

pomeridianum

Clinopodium Herb 25+03 0.7+£0.3 25+04 0.5+04

douglasii

Table 2. Means and standard error of survival (out of three individuals in each plot) of each
grass and shrub species in outside and edge habitat of Baccharis pilularis. Data from Sept. 2012
and April 2013.

Species Growth Form Outside Edge 9/11/12 Outside Edge 4/24/13
9/11/12 4/24/13

Stipa Grass 20+04 24+04 0.6+0.5 1.2+0.5

pulchra

Elymus Grass 22+0.5 22+0.5 1.0+0.3 0.8+0.3

glaucus

Bromus carinatus | Grass 2.0+0.6 22+0.6 0.3+0.5 1.2+0.5

Eriophyllum Shrub 20+04 3004 1.8+0.4 3004

staechadifolium

Mimulus Shrub 2.8+0.2 3004 25+0.2 2.8+0.2

auranticus

Artemisia Shrub 27+0.3 27+0.3 27+0.3 25+0.3

californica
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Figure 1. Individual plant cover of herbaceous species in edge and interior of Baccharis
pilularis. Species are referred to by the first two letters of the genus and species. Data taken at
Younger Lagoon Reserve, California in April 2013.
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Figure 2: Individual plant cover of grass and shrub species in edge and outside of Baccharis
pilularis. Species are referred to by the first two letters of the genus and species. Data taken at
Younger Lagoon Reserve, California in April 2013.

Discussion
Edge vs. interior

Although, management has been shown to benefit native plant species in some cases, the
growing environment can be a larger determinant of native plant survival (Kimball and
Schiffman, 2003). Microhabitats created by nurse plants have been shown to benefit some native
plants species, including L. arboreus and Q. agrifolia (Rudgers and Maron, 2003; Ford and
Hayes, 2007). The canopy of B. pilularis provides shade and its low-lying branches and leaves
trap moisture from fog and condensation (Callaway, 2007). Nurse plants are especially found in
arid and semi-arid climates (Callaway, 2007), similar to that of YLR where rain is scarce and fog
is common in the summer. B. pilularis may ameliorate low rainfall and buffer against high heat
to reduce C. douglasii mortality in the summer.
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Gordon (2012) reported lower survival for C. pomeridianum because of herbivory from
slugs and insects, and no C. pomeridianum individuals were recorded as alive in the interior or
edge of B. pilularis in September 2012. In April 2013 I found that C. pomeridianum made a
reemergence in both the interior and edge although survival was higher in the interior possibly
because of favorable microhabitats, protection from herbivores, and reduced competition by
grasses (Callaway, 1992; Holl, 2002; Cushman et al., 2011). A study testing the contractile roots
of C. pomeridianum found that after 29 weeks the bulbs entered dormancy and foliage were in
senescent (Jermstedt, 1984). A life history report finds that C. pomeridianum sprouts at the
beginning of the rainy season (December-January) and die off at the beginning of the dry season
(June or July) (Rimbach, 1902). This could explain why in September 2012, 8 months after
planting, C. pomeridianum was not recorded in the plots. The bulbs likely were in a state of
dormancy and reemerged in April 2013 for the growing season.

In September 2012 Achillea millefolium and Clinopodium douglasii had significantly
higher cover in the interior of B. pilularis than the edge, which is consistent with Gordon’s
(2012) report. A study comparing herbaceous species growing outside and under two shrubs,
Atriplex vesicaria (bladder saltbush) and Maireana sedifolia (pearly bluebush), found that
herbaceous biomass was greater under the shrubs than in the open due to protection from
herbivory (Callaway, 2007). In my study, only C. douglasii had significantly higher cover in the
interior than the edge.

Gordon (2012) observed that C. douglasii was often found in shadier and cooler habitats
and would do better within interior rather than the edge. Two studies found that C. douglasii
does not respond well to moisture stress (Gershenzon et al., 1978) and does better with decreased
temperatures (Langenheim and Lincoln, 1978). Moisture stress lead to reduced leaf weight and
monoterpenoid yield per leaf and decreased daytime temperatures leads to increased leaf weight
(Langenheim and Lincoln, 1978; Gershenzon et al., 1978).

Edge vs. outside

Grasses require water and nutrients to survive. High competition from exotic grasses can
deplete these necessities and cause grass mortality (Stylinski and Allen, 1999). Shrubs have been
shown to shade out grasses (Holl, 2002) and provide favorable microhabitats (Gomez et al.,
2004). Eriophyllum staechadifolium had greater survival in the edge of B. pilularis might have
been because of reduced grass competition and higher soil moister (Callaway, 2007) than the
outside where grasses compete for water and soil nutrients (Stylinski and Allen, 1999).

Gordon (2012) found that grasses and shrubs had high survival rate three months after
transplanting in edge and outside. This is consistent with similar coastal scrub habitats that are
composed mainly of grasses and shrubs (Pollock and Dolan, 1991), and could have been a result
of reduced competition of invasive grasses due to the application of herbicide, building
exclosures, and mulching. Weeding three months after the initial planting to reduce invasive
grass competition could explain the slightly lower (but still high) rate of survival in September
2012. Shrubs might have also benefited from decreased competition after weeding. A year later,
shrub survival remained high but grass survival decreased, possibly because of increased
competition of exotic grasses due to the lack of weeding as well as transplanted shrubs that could
have shaded out native grasses.

Conclusion
These findings show vital information that restoration managers at YLR can use to make
cost effective restoration decisions. It identifies which guilds are more likely to survive and grow
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in the given microhabitat and which species do best in B. pilularis. Based on both high survival
and cover, | recommend that C. douglasii should be planted in the interior. 4, millefolium
displayed high survival and cover in both interior and edge and could be planted in either
microhabitat. All the shrub species had high survival in both outside and edge habitats E.
staechadifolium had 100 percent survival in the edge but did well in the outside also.
Eriophyllum staechadifolium and A. californica had high cover in both microhabitats and I
recommend these species be planted in the future as well. Grasses had low survival in both
outside and edge microhabitats and all generally had the same cover, I would recommend further
management to decrease the impact of exotic grasses. This can optimize future restoration
attempts by increasing the number of species that did the best in a given microhabitat and
exclude the ones that did not do well, which can successfully lead to increase native cover and
create a more heterogeneity landscape.

Similar studies in the future could be improved by having a larger sample size to reduce
error, increase certainty, and buffer against high mortality, as well as the addition of a control
plot to test competing grass cover and compare if the application of herbicide and mulch had a
significant difference in seedling survival. If only one treatment was applied to a plot, managers
could better evaluate its success with particular species. Also, since I observed the planted shrubs
out shaded the planted grasses I would recommend planted the grasses at a greater distance from
the shrubs. Lastly I recommend considering the life history of the species because there was a
reemergence of C. pomeridianum and A. millefolium.
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Background to Younger Lagoon Reserve: A Socio-political Perspective

Introduction

Younger Lagoon Reserve (YLR) is a 72 acre (29 hectare) protected natural
area surrounded by a diverse mix of agricultural and urban land uses. YLR is part of
the University of California Natural Reserve System (UCNRS). Founded in 1965, the
UC NRS is a network of protected lands that are used for research, education and
public service. Today there are 39 reserves spanning approximately 750,000 acres
of rare or endangered ecosystems in California (UC Natural Reserve 2012). UC Santa
Cruz manages four reserves: Afio Nuevo Island Reserve, Fort Ord Natural Reserve,
Landels-Hill Big Creek Reserve in Big Sur, and Younger Lagoon Reserve.

Located only half a mile north from one of the most popular beaches in Santa
Cruz, Natural Bridges State Park, and near Highway 1, YLR land is highly visible to
the public. YLR’s habitat types include such as seasonal freshwater wetlands, coastal
prairie, and coastal scrub. Throughout its history, this land and its ecology have
been continuously transformed by the social, economic, and political issues of the
time. Today, adjacent to the reserve are highly visited tourist attractions and official
government agencies, as well as world-class marine laboratories. The history of land
use conversion and public policy at YLR influences the managerial restoration

decisions made to protect it. Developing an understanding of the political systems
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that impact Younger Lagoon provides insight into the restoration that interns and
volunteers take part in.

The goal of this document is to present background information regarding
YLR that is helpful in understanding the requirements of restoration at the reserve.
First, I give a brief overview of the complex and extensive history of YLR ranging
from pre-colonization to current urbanization. Next I describe the current
stakeholders for YLR and their involvement in the Coastal Long Range Development
Plan. To do this | summarize relevant environmental policy at the federal, state and
local levels. Last, I discuss future restoration goals and timelines for YLR.

Historical Analysis

Hunt (2009) wrote a thorough overview of the history of YLR, which is
summarized here. Prior to the arrival of Spaniards in the 16t century over 10,000
Indians lived in Central California between Big Sur and the San Francisco Bay Area
(Cartier, 1991). In 1542 Juan Rodriguez Cabrillo is recorded to have landed in the
Monterey Bay and claimed the area for Spain (Hunt 2009). Several other Spanish
expeditions brought explorers, sketch artists, and eventually missionaries to the
area. In 1791 the Santa Cruz Mission was established and was known for its
bountiful agricultural production due to good climate and fertile soil (Hunt 2009).
From an early age the notion of private property and ownership affected how the
land in California was used and developed.

After Mexico achieved independence from Spain in 1821 land in California
was divided up into “Ranchos”, which generally were small-scale farms belonging to

settlers or people with Spanish-speaking parentage. During the early 1840s the land
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that is today Santa Cruz was granted to the Castro/Bolcoff family, a large family with
many land holdings throughout California. Santa Cruz property stayed in this
ownership throughout California becoming a state and through the beginning of the
California Gold Rush, which brought huge numbers of new settlers to the area. This
was a period of both environmental changes such as a switch to primarily wheat and
barley production, as well as to increased parcelization of Santa Cruz. Evidence
suggests that in the early 1850’s the land that is known as Younger Lagoon was sold
to Eli Moore and became a private land holding. During this time Santa Cruz
resources were primarily utilized for agriculture and were settled by Chinese and
Western immigrants.

During the Moore ownership of the YLR terrace the land was used to farm
Brussels sprouts and tilled for agricultural use (Hunt 2009). The terrace lands were
sold to the Walti-Shilling Company in 1922 which established a cattle
slaughterhouse on the north end of the property. A pipe was constructed that
carried waste products from the slaughterhouse to the ocean. As early as 1928
aerial photos of the terrace show wetland areas, which farmers recalled “dredging”
as part of their treatment of the land. In 1970 the Santa Cruz Youth Commission
requested that the Santa Cruz Water Commission evaluate the wastewater coming
out of the slaughterhouse. Meanwhile the 29 acres that make up the lagoon and
original Long Marine Lab facilities had been passed onto Donald and Marion
Younger who donated the land to the University of California, Santa Cruz in 1972.
The lagoon was incorporated into the UCNRS in 1986. The Water Commission

ordered the slaughterhouse to cease discharging its waste into the ocean in 1971. In
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1978 the Walti-Shilling Company sold the terrace lands to a holding company
owned by Wells Fargo. Wells Fargo left the land unmanaged and stopped “dredging”
the wetlands. When Wells Fargo attempted to develop the land into housing they
were met with resistance from the citizens of Santa Cruz, who wanted to protect
that land as open space, the California Coastal Commission, and the University of
California that had since established the Long Marine Laboratory. In 1999 the
University of California bought the 59 acres of terrace lands from Wells Fargo with
the intent of expanding the education and academic activities established by the
Seymour Center and Long Marine Laboratories (Hunt 2009).

After purchasing the property, the University of California began the process
of creating a Coastal Long Range Development Plan (CLRDP) for the property. A
CLRDP is a comprehensive physical development and land use plan that governs
development, land use, and resource protection; similar to a Local Coastal Plan
(LCP). The CLRDP for UCSC’s Marine Science Campus is the foundational document
to facilitate reviews of future projects as they are proposed for the site and is similar
to the Long Range Development Plans that guide growth goals and objectives at all
UC campuses.

After years of study and negotiation the California Coastal Commission
approved the CLRDP for the Marine Science Campus in 2008. The CLRDP includes
plans to develop 10 acres of the terrace lands with teaching, research, and public
access facilities. In order to shield Environmentally Sensitive Habitat Areas (ESHAs),
including the sensitive wetland habitats that exist on the property, the CLRDP

requires the protection and restoration of all of the habitat outside of the 10 acres of
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developable lands on the Marine Science Campus. As part of the CLRDP agreement,
these 47 acres of undevelopable lands are to be protected in perpetuity.

The adoption of the CLRDP by the University of California, and subsequent
certification by the California Coastal Commission, resulted in the delegation to the
University of California the authority to authorize most on-Campus development
consistent with the plan without a coastal development permit, subject to
Commission oversight.

The CLRDP does not directly govern the National Oceanic and Atmospheric
Administration (NOAA) Fisheries facility, a federal establishment on 2.5 acres of
federal land near the center of the Marine Science Campus. The Plan also does not
directly govern areas where the Coastal Commission retains direct coastal permit
and other development review authority, such as on public tidelands.

Prior to the certification of the CLRDP, faculty and staff from UCSC worked
with UC Office of the President (UCOP) staff and the UC Natural Reserves (NRS)
Faculty Advisory Committee to examine the feasibility of incorporating the 47 acres
of undevelopable terrace lands into the NRS rather than having a third party
conservation easement holder manage the lands. In 2008, with the understanding
that the site would be used for research, education, outreach, and restoration and
funded at a level sufficient to meet management obligations, the UCNRS and UCSC
agreed to incorporate these additional lands into the NRS as part of YLR - a
requirement of the CLRDP. In order to accomplish CLRDP restoration and
management obligations, UCSC committed to permanent funding for staffing the

reserve and to funding a 20-year restoration program.
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Cost estimates to complete the restoration work required under the CLRDP
were initially obtained from outside contractors. These costs estimates were
potentially prohibitive (i.e. very expensive) and UCSC staff and faculty discussed the
concept of funding YLR staff and faculty to implement and oversee the restoration
efforts. As a result of that process, Physical Planning & Construction (PPC) led an
effort to create a cost model that used in-house expertise, students, and faculty
rather than outside contractors. The estimated costs were significantly lower.
Additionally, this model specifically incorporated research and education into the
restoration and management work; thus, meeting the core mission of UC. As a
result, it was concluded that YLR staff, faculty, and students should spearhead the
restoration and maintenance effort guided by a Scientific Advisory Committee (SAC)
made up of restoration experts from Central California (also a requirement of the
CLRDP). The specifics of this agreement are detailed in the 2008 Agreement
Relating to the Marine Science Campus Natural Areas and Younger Lagoon.

The Agreement outlines restoration obligations and funding needs, and
provides an estimate of costs for the entire 20-year restoration period. The campus
agreed to provide adequate funding for the restoration management and
compliance with the Resource Management Plan. YLR agreed to oversee and

implement the long-term management of the undeveloped lands and YLR itself.
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Policy Considerations for CLRDP and the Marine Science Campus

During the late 1960’s and early 1970’s very public displays of devastating
environmental quality issues led to a string of political acts that sought to address
these issues preemptively (Adler et al., 1993). During the creation of the CLRDP the
University of California had to comply with several environmental laws, including
the California Environmental Quality Act (CEQA), the Coastal Act, the Clean Water
Act (CWA), and the Endangered Species Act (ESA), to ensure the protection of
resources before, during, and after development of the Marine Science Campus.
These policies together are intended to ensure that the sensitivity of the land and its
resources are being taken into account by developers. In order for the CLRDP to be
approved it was required to consider the sensitive habitats, endangered species, and
coastal proximity that make this site distinct.

UCSC'’s Marine Science Campus, including YLR, is within the jurisdictional
area of the California Coastal Commission (CCC) which administers the federal
Coastal Zone Management Act of 1972. Due to its location within the California
Coastal Zone, all development activities on the campus must comply with the
requirements of the Coastal Act. The California Coastal Commission (CCC) was
formed when the California Coastal Act was approved through state voter initiative
in 1972 and made permanent in 1976 by the state legislature (Klyza et. al, 2011).
The main goal of the Coastal Act is to protect and manage the coastlines natural
resources with sustainable guidelines. The CCC has regulatory control over all
development and growth that is within the coastal zone. The coastal zone varies in

width of the coastline from a couple of feet to a few miles (CCC, 2012).
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The CCC issues all building permits for construction at YLR and is the major
regulatory body that influences the management of YLR, including the setting of
restoration goals and success criteria and beach monitoring. YLR staff must submit
an annual report outlining progress on restoration goals, reserve-use and required
monitoring activities to the CCC each year.

Included in the CLRDP is a detailed Resource Management Plan (RMP). The
overall goals of the RMP are to maintain and protect open spaces, sensitive biotic
elements, and control public access. Within these goals are specific plans for each
type of habitat on the terrace lands. For each goal there are multiple features that
have set performance standards, and time periods for monitoring. For each
monitoring period there is a next step action that is based on the findings of the
performance study. This ensures that all targets are being met or adequately
addressed in the timeframe allotted for this project. An appointed Scientific
Advisory Committee (SAC) guides the restoration at Younger Lagoon Reserve. The
SAC is composed of qualified restoration professionals and academicians who meet
frequently to advise and consult with reserve staff. At the time of the writing of this
document Environmental Studies department chair Karen Holl was also the chair of
the SAC. Other SAC members Lisa Stratton, Director of Ecosystem Management,
Cheadle Center for Biodiversity and Ecological Restoration, UC Santa Barbara, Tim
Hyland, Resource Ecologist, California State Parks, and Bryan Largay Conservation
Director, Land Trust of Santa Cruz County.

CEQA was established in 1970 (Fulton, 2005) and is intended as a means of

ensuring that developers are assessing all environmental impacts of a project
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adequately. CEQA encourages environmental protection by “requiring state and
local agencies to prepare multidisciplinary environmental impact analyses and to
make decisions based on those studies’ findings regarding the environmental effects
of the proposed action” (Bass et al,, 1999). The term “environment” is generally
defined as the physical conditions that exist including, but not limited to, land, air,
water, fauna, flora, noise, and historical or aesthetic significance. If a proposed
project has potentially significant impacts to any of these factors an Environmental
Impact Report (EIR) must be prepared and circulated to interested parties for
feedback and revision.

One of the first steps in the development of the CLRDP was the creation of an
Environmental Impact Report (EIR), a document which analyzes potential
significant effects on the environment related to a project (Bass et. al, 1999). The
Final 2004 CLRDP Environmental Impact Report (FEIR) was completed in 2004,
with addendums added as recently as 2010. The FEIR assesses the potential
environmental effects, on and off campus, related to the implementation of the Final
2008 CLRDP. It also responds to significant environmental issues raised in the
review and consultation process.

Another major piece of legislation that influences restoration of YLR is the
Clean Water Act (CWA) of 1972 that created more stringent regulation regarding
water quality in the United States (Andreen, 2004). The CWA, administered by the
U.S. Army Corps of Engineers, enforces limitations on point-source pollution that
could affect rivers, lakes, and streams. As a result of the CWA and a subsequent

Memorandum of Understanding in 1990, the U.S. has a no-net loss of wetland
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habitats policy. YLR has 13 jurisdictional wetlands on the terrace lands and Younger
Lagoon itself. All but one are considered “environmentally sensitive habitat areas”
(CLRDP). The additional protections enforced through the CWA had to be included
during the environmental assessment process and the CLRDP to ensure that
development did not impact the quality of the water in this area. For example,
Section 404 of the CWA prohibits the discharge of dredging material into wetlands,
the kind that can potentially arise from construction work (Andreen, 2004). Buffer
zones were established around the wetlands to hopefully offset any negative
impacts from construction and account for seasonal and annual changes in wetland
boundaries (e.g. expansion of wetlands in wet years or seasons and shrinking of
wetlands in dry years or seasons). The Resource Management Plan outlines specific
management actions for the buffer zones along with the wetlands themselves. The
CWA has been influential in the protection of wetlands areas at YLR through an in-
depth system of permitting.

The other main federal and state habitat protection comes from the
Endangered Species Act (ESA). Younger Lagoon Reserve is habitat for the federally
endangered Tidewater Goby and the federally threatened California red-legged frog
which has been found in wetland areas on the Marine Science Campus. The U.S.
Endangered Species Act is administered by the U.S. Department of Fish and Wildlife
and is meant to protect the wellbeing of endangered species. There are several
additional California ESA listed bird species of concern including: the white-tailed
kite, northern harrier hawk, burrowing owl, merlin, and peregrine falcon, and many

other species of non-raptor birds (CLRDP, 2007). Threatened and endangered
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species make YLR protected under both federal and state laws and subject to further
development restrictions.

Following the approval and certification of the CLRDP in 2008 restoration on
the terrace lands at YLR began. Funding received from the University of California
has allowed for the growth of the internship program that meets the goals of the
Natural Reserve System and addresses the Restoration Management Plan for the
site.

CLRDP Implementation and Restoration Management

At the time of writing of this document, the UCSC Natural Reserves (UCSC
NRS) is a unit within UCSC’s Division of Physical and Biological Sciences (PBSci). The
main UCSC NRS offices are on the central campus in the Environmental Studies
Department. YLR staff also have the use of office space on the Marine Science
Campus. In 2012, a Memorandum of Understanding (MOU) between the Institute
for Marine Science (IMS), Ecology and Evolutionary Biology Department (EEB) and
the UCSC NRS formalized this use of space. Gage Dayton is the administrative
director for all of the UCSC Natural Reserves. Dayton works closely with Don Croll
who is faculty director for the UCSC Natural Reserves (Howard, interview). Together
they are the main channel of communication between the University of California
Office of the President (UCOP) NRS offices and the other four UCNRS reserves
operated by UCSC. YLR has two full time staff members, Reserve Manager Elizabeth
Howard and Restoration Steward, Tim Brown. Other campus resources involved
with the restoration at YLR include the Greenhouses, operated by Jim Velzy, which is

the main staging area for plant propagation, the Arboretum, and the Site
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Stewardship program. Working closely with on-campus resources allows for the
ease of resource sharing and internship recruitment.

YLR provides an outstanding outdoor classroom and living laboratory that
supports a diverse array of experiential learning opportunities for UCSC undergrads.
These experiences have profound impacts on students’ lives, both professionally
and personally. As a direct result of having sufficient funding and full time staff on
site, the level of academic and public engagement at YLR has climbed significantly.
Since the approval of the CLRDP, undergraduate internships and class use of the
reserve have grown every year, with an average of 50 undergraduate internships
per year, including senior internships, and 10 undergraduate classes visiting the
reserve each year. The internship program and restoration work has been
highlighted in a number of campus and community outreach efforts.

Bordering YLR are a number of neighbors who have a varying degree of
involvement. To the west is a private landowner who operates a Brussels sprout
farm, and to the east is the De Anza Mobile Home Park. To the north the landholders
range from the Union Pacific Railroad Company, private property which houses the
non-profit Homeless Garden Project, university land, and the Santa Cruz Land Trust
(CLRDP, 2007). Other significant relationships include the Monterey Bay Unified Air
Pollution Control District, the City of Santa Cruz, the California Native Plant Society,
and the Santa Cruz County Regional Transportation Commission. All of the agencies
submitted comments during the circulation period of the Draft Environmental
Impact Report that were incorporated into the final CLRDP (FEIR). Legally, UCSC

must keep all of these agencies notified about upcoming construction and other
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important permitting information. Despite the certification of the CLRDP YLR must
continue to promote healthy neighborhood relations through transparent actions
and informative education materials.

There are many challenges—both environmental and political — to
restoration of YLR. One physical challenge remains the starting conditions at YLR
that included virtually no native seed back or existing native grass or forb cover.
This makes it difficult to reach success criteria as originally outlined in the Resource
Management Plan (Howard, interview). The RMP recommended the creation of even
more detailed Specific Resource Plan (SRP) by the SAC meant to address new
research or vegetation experience on the site and provide some flexibility in
restoration (CLRDP, 2008). The SRP was completed in 2010 and took into account
baseline and reference site surveys. Climate change also creates some uncertainty
regarding the success of the reestablished native plants. Plants that may have not
needed much care after the first year or two may need more hands on care for
longer or may fail entirely if temperature and rainfall patterns are significantly
altered. The possibility of further budget cuts remains an issue although to date
there has been an adequate level of support for the restoration from the UCSC
campus.

The Resource Management Plan spans a 20-year period divided into two
seven-year phases and one six-year phase. YLR is currently in the first seven-year
phase of restoration. The RMP establishes monitoring timelines for each ranges of
measures (habitat types, erosion hazards, special-status wildlife species) to ensure

that they are being accounted for (CLRDP 2008). Recently, YLR completed the first
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round of compliance monitoring for the site that involved monitoring of restoration
sites planted in the first year of restoration to see if goals were being met. They
successfully met all the standards outlined in the RMP. According to Elizabeth
Howard, Reserve Manager, the reserve staff is on target to have fifteen acres
restored or already in native habitat by the end of Phase One. Howard'’s aim is to
restore two and a half acres every year, so the entire restoration will be completed
in the allotted 20 years. The continued success of restoration at YLR can be made
possible through continued student involvement and community support.

YLR is in a unique place, with a diverse history of landowners and users. The
political decision-making process and management plan are parts to a larger
strategy that make up the overall restoration project of YLR. As equally important as
developing an understanding of these human interactions is learning the ecology of
restoration at YLR. Having accurate and current knowledge of the habitat quality at
YLR is essential for ensuring that proper management strategies are used. In
following chapters aspects of ecological restoration relevant to YLR management

will be discussed.
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Further Readings and Resources

Andreen, William. (2004). "Water Quality Today- Has the Clean Water Act Been a
Success?" Alabama Law Review. 537-93. Vol. 55. Print.

[ found this source helpful when examining the Clean Water Act and its
progress since it was passed. The review covers the basics of what the CWA has
been successful in and then critiques how it could be improved. The review also
gives opinions about what environmental law needs to focus on now in order to
further protect natural resources.

Bass, R., Herson, A., Bogdan, K. (1999). CEQA Deskbook. Solano Press Books:
California.

This source covers CEQA law and practices. It provides step-by-step
procedures regarding the environmental review process and the requirements of
each stage. I found the chapters on the background and implementation of CEQA as
well as the preparation and review chapter valuable to this research topic. This
source is used frequently as a teaching aide and lays out the procedures in a
straightforward manner. Overall I found this source very useful in helping me
understand the interworking of the EIR process.

Cartier, Robert. (1991). An Overview of Ohlone Culture.

This short article is focused on the lives of Ohlone Indians prior to Spanish
occupation. It gives readers information about cultural practices as well as some
basic human ecological interactions. I found this article helpful while learning about
what human stewardship of the YLR was like before modern development.

Commission, California Coastal. (2012) "California Coastal Commission:Why It
Exists and What It Does." San Francisco. Print.

This is a promotional pamphlet, also available online, that gives the reader a
basic overview of the California Coastal Commission and the work they do. Further
reading on the would be needed if one wanted to find a review of how the formation
of the CCC has affected coastal environmental health. I found this resource helpful
for this project because it effectively lays out information in an easily accessible
fashion.

Hunt, L. (2009). Narrative History of Younger Lagoon Reserve.

Laurel Hunt is a graduate of UCSC and worked as an intern and field assistant
at YLR while she was a student. She researched and wrote this article as part of a
senior internship in collaboration with Professor Karen Holl. This essay provides an
extension overview of the history of YLR from a historical ecology perspective. Hunt
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consults county records and land deeds to track the land ownership and property
entitlements to YLR back to the 1500’s.

This source provides a complete and well-researched history of YLR land and
adequate analysis regarding its various uses. The information in this essay allowed
me to more thoroughly understand background YLR land policy actions.

Fulton, W., Shigley, P. (2005). Guide to California Planning Third Edition. Solano
Press Books: California.

This books content covers provide a foundational understanding of California
Land Use policy and the planning process. Part Six specifically covers natural
resources protection and CEQA regulatory framework. Guides are a good source for
developing an overall understanding of California policies and the methodologies
behind them.

McGrory Klyza, Christopher, and Paula Ford-Martin. (2011). "Coastal Zone
Management Act (1972)." 4 ed. Detroit: Gale, 336-39. Vol. 1. Print.

This resource gives a short overview of the Coastal Zone Management Act
and the subsequent policy additions. It is important to know the basic history of
Acts like these in order to develop an understanding of how those changes affected
environmental assessment as a whole. From this source | was able to identify that
YLR is protected by the CZMA because of its wetland habitats.

UCSC Environmental Assessment Group. (January 2004). UCSC Marine Science
Campus CLRDP DEIR. http://ppc.ucsc.edu/cp/projects/11407 /planning/clrdp-

deir.pdf.

This is the Draft EIR approved for the Marine Science Campus. This source
provides the project description, environmental analysis, and proposed mitigation
measures for this development project. This DEIR adequately covers existing
conditions at the time of its drafting as well as descriptions of potential impacts
from development. I found the Project Summary, Environmental Setting Impacts
and Mitigation Measures, and Agencies and Persons Contacted Chapters the most
useful for this project. This DEIR is thorough although slightly outdated due to
economic and political developments since its approval in 2004.

UC Santa Cruz. (December 2008). Marine Science Campus Coastal Long Range
Development Plan.
http://ppc.ucsc.edu/cp/projects/11407 /cp/projects/11407 /planning/clrdp08

This is the complete Coastal Long Range Development Plan for the Marine
Science Campus (CLRDP) located at YLR. Included in this document is the Resource
Management Plan that outlines management goals and monitoring for habitat types
at The Marine Science Campus.
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University of California Natural Reserve System. Younger Lagoon Reserve.
November 2012. Web.

The UCNRS webpage offers basic information about each reserve as well as
current updates. The UCNRS catalogs the division of management of the reserves by
campus.
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Acronym List

CEQA- California Environmental Quality Act

CCC- California Coastal Commission

CLRDP- Coastal Long Range Development Plan

CWA- Clean Water Act

EEB- Ecology and Evolutionary Biology

EIR- Environmental Impact Report

ESA- Endangered Species Act

ESHA- Environmentally Sensitive Habitat Area

FEIR- Final Environmental Impact Report

IMS- Institute for Marine Science

LCP- Local Coastal Plan

MOU- Memorandum of Understanding

NOAA- National Oceanic Atmospheric Administration
NOP- Notice of Preparation

NRS- Natural Reserve System

PBSci- Physical and Biological Science Division

PPC- Physical Planning and Construction

RMP- Resource Management Plan

SAC- Scientific Advisory Committee

SRP- Specific Resource Plan

UCNRS- University of California Natural Reserve System
UCOP- University of California Office of the President
UCSC- University of California Santa Cruz

UCSC NRS- University of California Santa Cruz Natural Reserve System
YLR- Younger Lagoon Reserve
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YLR Terrace Photopoint #1. June 7, 2013. Photographer: Tim Brown. Bearing: 200°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #1. June 7, 2013. Photographer: Tim Brown. Bearing: 240°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #1. June 7, 2013. Photographer: Tim Brown. Bearing: 290°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #1. June 7, 2013. Photographer: Tim Brown. Bearing: 320°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #1. June 7, 2013. Photographer: Tim Brown. Bearing: 340°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #2. June 7, 2013. Photographer: Tim Brown. Bearing: 190°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #2. June 7, 2013. Photographer: Tim Brown. Bearing: 225°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #2. June 7, 2013. Photographer: Tim Brown. Bearing: 270°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #2. June 7, 2013. Photographer: Tim Brown. Bearing: 320°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #3. June 7, 2013. Photographer: Tim Brown. Bearing: 220°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #3. June 7, 2013. Photographer: Tim Brown. Bearing: 260°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #3. June 7, 2013. Photographer: Tim Brown. Bearing: 300°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #3. June 7, 2013. Photographer: Tim Brown. Bearing: 310°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #3. June 7, 2013. Photographer: Tim Brown. Bearing: 350°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #3. June 7, 2013. Photographer: Tim Brown. Bearing: 30°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #3. June 7, 2013. Photographer: Tim Brown. Bearing: 60°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #3. June 7, 2013. Photographer: Tim Brown. Bearing: 80°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #4. June 7, 2013. Photographer: Tim Brown. Bearing: 340°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #4. June 7, 2013. Photographer: Tim Brown. Bearing: 40°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #4. June 7, 2013. Photographer: Tim Brown. Bearing: 60°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #4. June 7, 2013. Photographer: Tim Brown. Bearing: 110°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #4. June 7, 2013. Photographer: Tim Brown. Bearing: 170°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #4. June 7, 2013. Photographer: Tim Brown. Bearing: 200°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #5. June 7, 2013. Photographer: Tim Brown. Bearing: 100°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #5. June 7, 2013. Photographer: Tim Brown. Bearing: 130°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #5. June 7, 2013. Photographer: Tim Brown. Bearing: 170°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #5. June 7, 2013. Photographer: Tim Brown. Bearing: 200°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #5. June 7, 2013. Photographer: Tim Brown. Bearing: 240°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #5. June 7, 2013. Photographer: Tim Brown. Bearing: 260°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #6. June 7, 2013. Photographer: Tim Brown. Bearing: 300°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #6. June 7, 2013. Photographer: Tim Brown. Bearing: 340°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #6. June 7, 2013. Photographer: Tim Brown. Bearing: 60°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #6. June 7, 2013. Photographer: Tim Brown. Bearing: 110°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #6. June 7, 2013. Photographer: Tim Brown. Bearing: 140° . Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #6. June 7, 2013. Photographer: Tim Brown. Bearing: 170°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #6. June 7, 2013. Photographer: Tim Brown. Bearing: 220°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #7. June 7, 2013. Photographer: Tim Brown. Bearing: 210°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #7. June 7, 2013. Photographer: Tim Brown. Bearing: 240°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #7. June 7, 2013. Photographer: Tim Brown. Bearing: 270°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #7. June 7, 2013. Photographer: Tim Brown. Bearing: 290°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #7. June 7, 2013. Photographer: Tim Brown. Bearing: 340°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #8. June 7, 2013. Photographer: Tim Brown. Bearing: 350°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #8. June 7, 2013. Photographer: Tim Brown. Bearing: 20°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #8. June 7, 2013. Photographer: Tim Brown. Bearing: 80°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #8. June 7, 2013 Photographer: Tim Brown. Bearing: 160°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #8. June 7, 2013. Photographer: Tim Brown. Bearing: 210°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #9. June 7, 2013. Photographer: Tim Brown. Bearing: 200°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #9. June 7, 2013. Photographer: Tim Brown. Bearing: 120°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #9. June 7, 2013. Photographer: Tim Brown. Bearing: 70°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #9. June 7, 2013. Photographer: Tim Brown. Bearing: 20°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #9. June 7, 2013. Photographer: Tim Brown. Bearing: 330°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #10. June 7, 2013. Photographer: Tim Brown. Bearing: 270°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Terrace Photopoint #10. June 7, 2013. Photographer: Tim Brown. Bearing: 300°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Terrace Photopoint #10. June 7, 2013. Photographer: Tim Brown. Bearing: 340°. Camera: Sony
Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #1. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 300°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #1. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 330°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #1. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 350°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #2. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 170°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #2. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 240°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #2. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 310°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #2. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 350°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 170°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 225°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 270°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 305°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 345°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #3. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 15°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #4. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 335°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #4. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 25°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.

YLR Beach Photopoint #4. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 45°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.



YLR Beach Photopoint #4. June 7, 2013. Photographer: Elizabeth Howard. Bearing: 110°. Camera:
Sony Cyber-shot Carl Zeiss Vario-Tessar 13.6 Megapixels, lens fully extended wide.
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1. Project Report

la. NOID 5 (12-2) Coastal Access Overlooks Project Description

Project Summary

The proposed Public Coastal Access Overlook and Overlook Improvements Project (“Overlooks Project”)
consists of construction of three new public coastal access overlooks, and improvements to two existing
overlooks at the University of California Santa Cruz (UCSC) Marine Science Campus. The campus is
located on the shore of Monterey Bay, at the southwestern corner of the city of Santa Cruz. On the western
edge of the campus is Younger Lagoon, part of a natural reserve in the University of California Natural
Reserve System. The project would provide publicly-accessible overlooks from which to view the ocean
coast, Younger Lagoon, a seasonal wetland, and campus marine mammal pools for which public access is
otherwise limited due to safety hazards or for the protection of marine wildlife and habitats. The facilities
would include interpretive signs and public amenities such as bicycle parking and benches to enhance
public access to and enjoyment of these restricted and/or sensitive areas.

Project Location

The location of the proposed Overlooks Project is UCSC’s Marine Science Campus, which includes
Younger Lagoon Reserve. All areas of the Marine Science Campus that lie outside of the CLRDP-
designated development zones were added to the Younger Lagoon Reserve as a condition of Coastal
Commission approval of the CLRDP. Several of the overlooks, which are sited at the margins of
development zones, therefore are within what is now the Younger Lagoon Reserve: Overlooks C and A are
within development zones at the margin of the YLR, while the sites of overlooks D, E and F are within
areas incorporated into the YLR as a condition of approval of the CLRDP. The overlooks would be
constructed and/or improved at four discrete sites that overlook the Pacific Coast and Younger Lagoon, and
one site that overlooks a wetland on the campus, as shown on Figure 1. Figure 1 illustrates the locations of
existing and proposed overlooks on an aerial photo of the site, and shows the potential extent of ground
disturbance associated with construction and improvements at sites A, D, E and F. Note that Overlook C
improvements would not involve any new ground disturbance. Figure 1 shows Overlook B, and existing
overlook for which improvements were already completed under a separate approval.
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Overlook E|

Overlook D

Overlook A

Overlook F
Overlook C

Overlook B

Figure 1. Marine Science Campus with Overlook Locations
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Detailed Project Description

The elements of the Overlooks Project are described and illustrated in detail below and general locations
are shown on Figure 1 above. Details on overlook design, construction procedures and equipment, and
proposed materials, are provided below. The proposed Overlooks Project consists of construction of three
new public access overlooks, designated in UCSC’s Coastal Long Range Development Plan (CLRDP) as
Overlooks A, E and F, and improvements to two existing overlooks, designated as Overlooks C and D. Site
C is within a developed area of the Marine Science Campus and site A is within the margin of a
development zone. The other sites are within the boundaries of the Younger Lagoon Reserve, as modified
as a condition of Coastal Commission approval of the CLRDP. The CLRDP also describes improvements
to existing Overlook B, which were carried out in 2009 as part of another project and are not part of the
current project.

All overlooks would include signage and interpretive panels to identify the major natural features that can
be observed. Amenities such as benches, trash cans or bicycle parking would be located near overlooks A,
D and F. All new overlooks and overlook improvements have been sited and designed to integrate into the
natural site aesthetic. Areas disturbed during construction would be replanted in native plants from locally-
collected seeds and stock, as required by the CLRDP. The Overlook C path was upgraded for full ADA
accessibility under a separate project in 2001. Overlook A, D, and E pads would be fully handicapped-
accessible, in accordance with ADA regulations. Overlook F will also be accessible, although the main
bluff top path that leads to this site is not currently accessible. Improvements to this path are included in
another larger project currently under analysis, with construction anticipated in 2012-13. All new access
routes and overlook platforms will be surfaced with materials (such as FIBAR!, gravel pavers?, grass
pavers®, or stabilized decomposed granite) that are both fully ADA accessible and are either fully-
permeable and/or will store storm water for infiltration, such that there is no increase in surface runoff.

The CLRDP, Chapter 7 and Chapter 9, includes schematic plans and describe siting and design parameters
for the overlooks. Proposed refinements to the design and construction of the new overlooks and completed
planning for improvements to the existing overlooks, which are consistent with the preliminary descriptions
and aesthetic and design criteria presented in the CLRDP, are described and analyzed in the Initial Study.

Overlook A Design and Siting

Overlook A (Figure 2, below) would be developed adjacent to the Seymour Marine Discovery Center to
provide viewing of seasonal wetland, W5, to the northeast. This overlook would be sited in an area
presently equipped with picnic tables for public use, just north of the parking lot of the Seymour Marine
Discovery Center at the edge of the Wetland W5 buffer. The Seymour Discovery parking lot is surrounded
by a low earthen berm, which screens the lot from the adjacent natural areas. The proposed overlook site is
on the opposite side of the berm from the parking lot. The berm is vegetated in a mix of non-native
grasses and herbs and native shrubs, and several Monterey cypress trees stand between the overlook
site and the parking lot*. The overlook would be accessed from the southeast end of the Seymour Discovery
Center parking lot, from a point near the existing ADA parking spaces, via an accessible path angled along
the berm. It also would be accessible from a future public access trail, currently an informal dirt path, that
would circle the north and east sides of the parking lot. The overlook would serve as an observation point
for pedestrians using the public pathway, and for school groups and other campus visitors.

! For example, see: http://www.getplaygrounds.com/Manufacturers/fibar.htm

% For example, see: http://www.terrafirmenterprises.com/?gclid=CKfU2Z26jK MCFQ4MbAod83tfZg

® For example, see: http://www.invisiblestructures.com/gravelpave2.html

* The cypresses were planted on the site in the past, but are highly invasive, and are designated as a priority one weed
under the recently-approved Specific Resource Plan (SRP), Phase 1, which implements the previously-approved CLRDP
Resource Management Plan. When these trees are removed in the future as part of SRP implementation, a new screen of
native vegetation will be planted.
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Overlook design includes two 8-ft X 4-ft earthen pads, elevated approximately 14 inches above existing
grade and surrounded by a low railing on three sides. Picnic tables would be provided adjacent to the
overlook. A 6-ft high vegetation screen of local native shrubs and grasses would be planted along the north/
northwest sides of the overlook to define the overlook area, discourage foot traffic off of the pad area into
the wetland buffer, and provide wind screening and visual screening of human activity at the overlook. The
access route from the Discovery Center lot to the overlook would have a grade of less than 5%, for ADA
accessibility, and would have a permeable but ADA-accessible surface. An interpretive panel at each of the
two pads would provide information about the natural aspects of the seasonal pond to the north and
northeast along with other visible features of the landscape, including coastal terrace and ocean views to the
southeast. Figure 2, below (based on CLRDP Figure 7.9) presents a schematic diagram of the proposed
overlook.

T S ST W L -
==l I
o < A N

Figure 2. Schematic Design of Overlook “A”

Overlook C Design and Siting

Overlook C is an existing overlook located atop an existing earthen berm immediately west of the MSC
Long Marine Lab’s (LML’s) marine mammal pools (CLRDP Figure 5.6). The California Conservation
Corps originally built this overlook as a cooperative project between LML and the adjacent Younger
Lagoon Reserve (YLR). Overlook C provides views of the LML marine mammal research pools, the
Monterey Bay and YLR. Overlook C affords unique opportunities for docent interpretation, including
marine mammal research, the Monterey Bay, the Younger Lagoon beach, dunes, coastal stack and western
sea cliff, and Younger Lagoon itself. The existing overlook includes interpretive panels on LML dolphin
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research and coastal geology. Improvements to this overlook would be limited to adding new interpretive
panels on the west side of the overlook, to provide information on the YLR and Monterey Bay National
Marine Sanctuary, and would not entail any new footprint of disturbance. Access to this overlook is by
docent-guided tour only, via the center of the LML facilities. Public access to Overlook C has been and will
continue to be controlled, consistent with CLRDP policy, to protect marine mammals, marine mammal
research efforts, and YLR wildlife. Overlook C is fully ADA accessible.

Overlook D Design and Siting

Overlook D, an existing rudimentary overlook located north of the Center for Ocean Health building in a
natural area on the Younger Lagoon side of the MSC’s earthen berm, provides views of the middle section
of Younger Lagoon, adjacent back-dune and upland habitats, agricultural lands, and marine terraces. The
overlook is at the margin of the development zone behind the fence line that protects YLR. Overlook D is
accessible only through approved application or guided tour. The overlook currently is accessed from
McAllister Way through a locked gate at a gap in the berm via a casual, lightly maintained, mulched
pedestrian trail. The overlook itself is a mulched, nearly level, unimproved area about 250 sq. ft. in area,
equipped with a bench and surrounded by low-growing natural vegetation.

Proposed improvements to the overlook include construction of an ADA-accessible path from the Center
for Ocean Health parking lot via a fenced alcove at the current entry location that would provide a
gathering area. In order to create a trail with accessible grade, the length of the trail would be increased
with a switchback down the slope to the overlook. The trail would be surfaced with a pervious, but ADA-
accessible material (as described above). The overlook pad itself would be cut slightly into the slope to
minimize its visibility. To facilitate observation of the lagoon wildlife from the overlook, the project would
include construction of a partially-enclosed observation blind at the overlook pad. The observation blind
would be of galvanized steel or wood frame construction with shed roof in non-reflective, earth-tone colors,
and would be set back against the slope, to minimize the blind’s visibility. The blind would be about 20 ft
long by 16 ft wide by 9 ft tall. The area immediately north of the structure would provide views of the
marine terraces, about which interpretive materials would be provided. Interpretive signage would be
installed inside the blind or on the overlook pad. The path and blind would be screened by native vegetation
plantings propagated from seeds collected within the reserve. The screen would extend to about the height
of a 36-inch to 42-inch-high railing around the blind, to minimize the visibility of human activity from
within the reserve, and also to discourage unauthorized human entry into YLR. The area disturbed during
construction also would be planted with native vegetation at the completion of construction, with plants
propagated from locally collected seeds and cuttings. Neither the trail nor the overlook would include any
night lighting, and both would be available for day-time use only, consistent with the habitat protection
requirements of the CLRDP.

Construction of the trail and overlook pad would require mechanical cut and fill to meet ADA slope
standards and runoff/erosion control, and would include two short sections of low retaining wall where the
path passes through the gap in the earthen berm and another at the back of the overlook pad, against the
slope. The pad site and trail route would be graded with a bobcat (small grader) and the retaining walls and
blind structure would be constructed and installed by hand without the use of heavy equipment. Concrete
for the overlook retaining wall and posts would be pumped by hose from the access path entry gate. Cut
and fill would be balanced, with a goal of avoiding fill import or export.
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Figure 3. Overlook “D” Refined Plan

CLRDP Figure 7.11 shows preliminary design of Overlook D improvements as conceived in the CLRDP.
The design of Overlook D and its access route have been refined through subsequent planning and
engineering study. Figure 3, above, shows the design as refined to provide ADA accessibility and improved
topographic screening of the observation shelter.

Trail surfacing material for the Overlook D access trail will be required to be both ADA-accessible and to
provide storm water infiltration, as described above. The proposed observation blind at Overlook D does
have the potential to concentrate runoff in a small area, since the approximately 320-sf area roof of the
blind will be impervious. The roof will be slanted toward the down slope edge of the blind, such that storm
water will run off its long northwest-facing edge. The project would include construction of a vegetated
infiltration trench parallel with the northwest (down slope) edge of the blind, along the drip line of the roof,
and cobbles will be placed on the slope above the infiltration trench for reinforcement. Rather than
capturing rain water in gutters and down spouts, which would concentrate the flow in small areas, rain
would be allowed to flow evenly off the slope of the roof and drain into the infiltration trench, where it will
be infiltrated on site.

Overlook E Design and Siting

Overlook E would be a new overlook to be located adjacent to the west side of McAllister Way, opposite
the NOAA Fisheries building, above the middle section of Younger Lagoon, on a vegetated area, at the
YLR fence line. This overlook would be directly accessible as part of the envisioned future public access
trail system (CLRDP Figure 9.1) and would provide pedestrians along this public access route with a view
into the lagoon and invite closer observation. An interpretive panel would introduce visitors to the
significance of protected areas, such as Younger Lagoon, and to coastal ecology. A minor alteration to the
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existing fence would provide a viewing opening from which views of the lagoon are possible to the south
toward the beach, west toward the main section of the lagoon and agricultural fields beyond, and to the
northwest up the lagoon's upper arms (see Figure 5, below).

The existing fence along McAllister Way would be integrated into Overlook E, and no new fencing would
be constructed with Overlook E. Its design will accommodate a new fence in the future that would tie into
Overlook E and be constructed in a manner as to maintain the existing screen between Younger Lagoon
and human activity and development along the road. A barrier fence and a native plant screen would be
installed in tiers in the YLR side of the overlook as part of the Overlooks Project. This would consist of
fencing, screened by plantings of native shrubs along the west side of the fence to minimize human
presence from the perspective of the reserve, with a break in the screening at the overlook, to allow views
into the lagoon area. A screen of native shrubs between the overlook opening and the west side of
McAllister Way would also provide screening of human activity along McAllister Way from inside the
reserve. Vegetation would be trimmed as needed, to provide views while still minimizing visibility of
human observers and passers by from the wildlife/lagoon perspective. Dense native plantings of native
species would be placed below and around the overlook, both to diminish human visibility at the overlook
from inside the reserve, and also further to discourage unauthorized entry into the reserve from this
location. All plants used for restoration and landscaping would be propagated from locally-collected native
seeds.

Overlook construction would consist of minor grading to a level raised pad, fence viewing area, and
interpretive signage. The access route and overlook pad would be surfaced with permeable, ADA-
accessible material, as described above. The project would include plantings around the viewing area to
maximize screening of the road from the reserve. However, cypress trees would not be used, as previously
proposed in the CLRDP, as these are highly invasive and are considered Priority 1 species for removal
under the recently-approved CLRDP Specific Resource Plan, Phase 1.

—X

Figure 4. Overlook “E” Revised Plan
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Overlook F Design and Siting

Overlook F would be a new bluff top overlook to be established near the coastal bluff edge at the
southeastern corner of the Campus, at a slight promontory in the bluff roughly 100 feet west of the De
Anza Mobile Home Park (see CLRDP Figure 91). This overlook would be sited to be easily accessed from
the existing public bluff top trail, improvements to which are required under the CLRDP and are being
considered as part of a larger development program, in a separate environmental document currently in
preparation. Bicycle racks and trash/recycling cans would be provided along the eastern edge of the
property adjacent to the existing cement wall, and a low-profile bench or benches would be placed at the
overlook. The overlook would be oriented so as to best provide panoramic ocean views with as little
obstruction as possible. To minimize visual obstructions in the views while also ensuring public safety, low
vegetative barriers rather than fencing would be used along the bluff edge, if feasible. Interpretive signs
also would be of low profile and placed so as not to adversely impact ocean views. The area around the
overlook has recently been restored through removal of non-native ice plant and replanting in native
species. The overlook access path and site, an area of approximately 200 square feet, would be surfaced
with permeable, ADA-accessible material. Construction would require little or no grading. Subsequent to
construction, additional native plantings of coastal bluff top species would be placed in any exposed areas.

Figure 5. Overlook “F” Revised Plan

Overlook Construction Activities

All staging activity for overlook construction will be carried out in existing paved or graveled parking lots
and work areas. Because the project would require relatively small amounts of materials and little
mechanical equipment, only a small area would be needed for staging, and this can be accommodated in
existing paved areas of the campus. Two or more improvement projects could be underway simultaneously,
with total work crew of up to 8 persons. Work would be accomplished over a 4 month period, beginning in
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summer, 2012. Most work would be carried out by hand or with hand-held power tools; however, decking,
railing and paving materials would be transported to each overlook site by truck, forklift or backhoe.

No grading would be required for Overlook C. Very minor leveling and surface compaction would be
required for Overlook F. A small amount of earth moving, likely using a small backhoe, would be needed
for construction of overlooks A and E, and a larger amount of earth moving would be needed to create the
viewing area and ADA-access route for Overlook D. For that overlook, about 20 cubic yards of soil would
be cut from the viewing platform area and placed as fill on the small ridge behind the viewing platform, to
allow the viewing platform to be “tucked” into the slope. Minor cut and fill also would be needed along the
Overlook D access trail route, and some segments of the route could require construction of simple, low
retaining or support walls, which likely would consist of wooden planks held upright with concrete stakes
or a very low retaining structure of dry-stacked 6-inch- to 12-inch-diameter stones. It is anticipated that cut
and fill would be balanced, such that only a minimum of fill import or off-haul would be needed. Any
grading plan will be accompanied by a storm water control plan, which will be implemented if any grading
is to be conducted during the rainy season or if rain threatens. It is not anticipated that the project would
require any permanent storm water diversion features, as viewing platforms and path surfaces would be
constructed of pervious or semi-pervious materials that would ensure that ground water is infiltrated on
site.

Overlooks A, D and E would require some vegetation removal. The most extensive area of vegetation
clearing would be for Overlook D, where the access route runs through coastal scrub that would have to be
cleared. Both sides of the path and the areas graded to create the viewing platform would be replanted in
native vegetation at the conclusion of construction. Minor clearing could be required at overlooks A and E
to make way for the viewing platforms; these areas also would be replanted in native vegetation at the
conclusion of construction. Ice plant at the Overlook F site was recently removed as part of the campus’
program to extirpate invasive non-natives, and the area around the overlook site has been replanted in low-
growing native plants. New plantings would be installed in graded areas as soon as possible after
construction and would be mulched to control erosion while vegetation is re-established. Signs would be
installed notifying visitors of the Overlook locations.

Figure 6. Overlook Location Signs
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Project Schedule

As detailed in CLRDP Chapter 9 (Table 9.3), work at overlooks A, C, D and E was to be completed within
one year of CLRDP certification; work at overlooks B and F were to be completed within two years of
CLRDP certification. Overlook B improvements have been completed. For the other overlooks, because
development under the CLRDP has proceeded at a slower pace than anticipated, the campus has requested
that the California Coastal Commission extend these timelines. The campus has committed to complete all
overlook construction and improvements by December 2012.
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1b. CLRDP Consistency Determination

As stated in Policy 1.1 (Development Consistency), “Development shall be deemed consistent with
the CLRDRP if it is consistent with the provisions of Chapters 5, 6, 7, 8, 9, and Appendices A and B.”

The following is a list of all the Policies, Implementation Measures and Figures found in Chapter 5.
Those that apply directly to this NOID are highlighted in black and followed with a comment
regarding the project’s consistency. In addition, sections of Chapters 6, 7, 8, 9, and Appendices A
and B that also apply to this NOID are referenced with comments.

CHAPTER 5 Long Range Land Use Development Plan

5.1 Application of the Long Range Land Use Development Plan

Policy 1.1 Development Consistency

The University finds the project contemplated under NOID 5 (12-1) to be consistent with the CLRDP.

IM 1.1.1 Figures of Chapter 5.

As described below, the project is consistent with Figures 5.1 — 5.4, which show the “kinds, locations, maximum
size and intensity” of allowed development. The project is also consistent with Chapters 5, 6, 7, 8, 9, and
Appendices A and B and the type and locational restrictions of Section 5.2.

Policy 1.2 University Commitments
The project would complete the University’'s commitments with respect to construction of new overlooks and
improvement of existing overlooks as specified in Section 9.1.2.

5.2. Land Use

Figure 5.3 Locational Restrictions for Building Program
Figure 5.3 indicates that there are no locational restrictions for public access and recreational facilities, which
includes the overlooks.
Stable Urban / Rural Boundary
Policy 2.1 Maintaining a Stable Urban / Rural Boundary
\4 2-1.; Qvel S.Z.I g 9 Ut. ity E.I es |9 llblted.

Policy 2.2 Strengthening the Urban / Rural Boundary through the Protection of Adjacent Agricultural
Resources

IM 2.2.1 Setback of Development and Uses from Adjacent Agricultural Use.

The public access and recreation facilities shown in Figure 5.6, including Overlooks A, C, D, E and F, are
allowed without restriction with respect to agricultural setback.

Policy 2.3 Designing for the Urban Edge

IM 2.3.4 Buildout Planning.
The overlooks will be outside of development subareas, and will not interfere with the University’ ability to meet

Policy 2.4 Short-term and Caretaker Accommodations

Campus Land Uses Limited to Marine / Coastal Research and Education, Resource Protection, and
Public Access

Policy 2.5 Ensuring Appropriate Land Uses on the Marine Science Campus

The proposed project will support public access uses, which is consistent with this policy.

5.3 Natural Resource Protection
Policy 3.1 Protection of the Marine Environment

IM 3.1.2 Discharge of Drainage/Storm water.
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All new access trails and overlook platforms will be surfaced with materials that are either fully permeable or will
store storm water for infiltration. Runoff from the roof of the Overlook D blind will drain to an infiltration trench for
infiltration on site.

Policy 3.2 Protection and Restoration of Habitat Areas

IM 3.2.3 Protection and Enhancement of Wildlife Movement.

Overlook A includes vegetation to provide visual screening of human activity and discourage foot traffic into the
wetland buffer. Overlook D blind would be screened by native vegetation plantings, would minimize visibility of
human activity and discourage unauthorized human entry into the YLR. At Overlook E, fencing and native
vegetation plantings would minimize human visibility from within the reserve and discourage unauthorized entry
into the reserve.

IM 3.2.5 Protect Habitat Areas From Human Intrusion.
The project would provide public access while protecting adjacent habitat from human intrusion.

IM 3.2.7 Management of Water Quality and Drainage Features.
The project would not add new impervious surface with the exception of the roof of the Overlook D blind, which
will drain to an infiltration trench for infiltration on site.

IM 3.2.11 CRLF Protection.

An special status wildlife species survey of all of the campus wetlands and of a buffer area of 200 m (about 300
feet) radius around each wetland was conducted in May 2010. Based on the results of this study, the Initial
Study for the project identified Overlooks Project-Specific Mitigation Measure BIO-2, which requires pre-
construction surveys and other measures to ensure that the project does not result in take of CRLF.

IM 3.2.12 USFWS Consultation Required

Letter from USFWS concurring that the project will not result in take of California red-legged frog is included.

IM 3.2.14 Non-Invasive Native Plant Species Required.

All plants used for restoration and landscaping would be propagated from locally-collected native
seeds.Policy 3.3 Use and Protection of Coastal Waters and Wetlands

IM 3.3.1 Pre-development Evaluation of Wetland Conditions.

A wetland biologist inspected the campus wetlands for evidence of changed conditions, during the summer of
2010, and noted slight changes in the boundaries of wetlands W3 and W5. The Overlook A location is within the
boundaries of the revised W5 buffer. The CLRDP allows overlook development within wetland buffers.

Policy 3.4 Protection of Environmentally Sensitive Areas (ESHAS)

IM 3.4.2 Noise Intrusion into Terrace ESHA.

The overlooks would be used for passive, generally quiet recreation, and would not result in undue noise
intrusion into terrace area Resource Projection areas.

IM 3.4.3 Noise Intrusion into YLR.

CLRDP EIR Project Specific Mitigation Measure 4.11-4 and Overlooks Project-Specific Mitigation NOIS-1
require preparation and implementation of a construction noise mitigation program, and the use of the least
noisy construction equipment capable of carrying out the required work will be used for brush clearing, grading
and excavation. Project construction noise would almost certainly still exceed 60 dBA at some locations within
the reserve. However, as required by CLRDP EIR Mitigation Measure 4.4-2, project construction would be
preceded by a nesting bird survey, and if any nesting birds are present construction at that location would be
postponed until birds have fledged.

IM 3.4.4 Pre-development Evaluation of ESHA Conditions.

A wetland biologist inspected the campus wetlands for evidence of changed conditions, during the summer of
2010, and noted slight changes in the boundaries of wetlands W3 and W5. The Overlook A location is within the
boundaries of the revised W5 buffer. The CLRDP allows overlook development within wetland buffers.
Younger Lagoon Reserve

Policy 3.5 Special Protection for Younger Lagoon Reserve

IM 3.5.1 Protection and Enhancement of YLR Habitats.

The Overlook D blind would be designed to minimize the visibility of human activity from within the reserve and
to discourage unauthorized human entry into YLR. The path would also be screened by plantings of native
vegetation. Access to YLR would continue to be available only through guided tours or by special arrangement.
The existing fence along YLR would be integrated into Overlook E and enhanced with a native plant screen.

IM 3.5.3 Protection of YLR Resources.
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All new access trails and overlook platforms will be surfaced with materials that are either fully permeable or will
store storm water for infiltration. Runoff from the roof of the Overlook D blind will drain to an infiltration trench for
infiltration on site.

IM 3.5.6 YLR Manager Consuitation.

The Administrative Director of the UCSC Natural Reserves and the Field Manager of the Younger Lagoon

N have reviewed the scope of the Overlooks Project (NOID 5 (12-2) and measures have been
in the it of the consultation.

O-14-1"L

Ad , UCSC Natural Reserves Date

IM 3.5.7 Not Visible YLR. (known post-CLRDP approval as YLNR)

The Overlook D structure is designed to minimize the visibility of human activity from within the YLNR; the
structure and access trail would be screened by native vegetation plantings At Overlook E, a fence and a
screen of dense native plantings would minimize the visibility of human activity from the YLNR while allowing
views into the lagoon area.

Policy 3.6 Public Access to and within YLR

IM 3.6.2 Visual Access to YLR.

Overlook E will provide visual access to YLR for the general public without escort. Overlook D will provide
controlled visual access to YLR.

Coastal Bluffs and Blufftops

Policy 3.7 Protection of Coastal Bluff and Bluff top Areas

_37-3—Prolociing Existing Development fom Coastal Erosion
Agricultural Resources
Policy 3.8 Protection of Adjacent Agricultural Resources

Cultural Resources

Policy 3.9 Conservation of Cultural Resources

IM 3.9.1 Construction Monitoring.

This IM is included in the project Mitigation Monitoring and Reporting Program and will be implemented during
project construction.

Hazardous Materials Management

Policy 3.10 Hazardous Materials Management

Air duaiity and Energy Consumption
Policy 3.11 Energy Efficiency in New Construction

Policy 3.13 Natural Resource Protection Analysis Required
Policy 3.14 Permanent Protection

5.4. Scenic and Visual Qualities

Figure-5-4-Development Subareas
Policy 4.1 Protection of Scenic Views

Policy 4.2 Protection of Scenic Quality
IM 4.2.1 Design Standards and lllustrative Campus Build out Site Plan.
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The design of the proposed overlooks is consistent with Section 7.2.4 (Overlooks). Overlook D access trail
design is consistent with Section 6.4 (Trail Design). Fencing and vegetation screen at Overlook E is consistent
with Section 6.8 (Fencing/Barrier Design).

IM 4.2.2 Alteration of Natural Landforms.

Construction at Overlooks A, C and E will entail minimal grading. Construction of an ADA-accessible access trail
and overlook pad at Overlook D will involve cut and fill, but the alteration of landforms will be minimized to the
extent feasible.

The Overlook D observation structure would be of galvanized steel or wood frame construction with shed roof in
non-reflective, earth-tone colors.

3 i ahting.
IM 4.3.5 Street and Trail Lighting.
Lighting will not be provided for the Overlook D access trail.

5.5. Circulation and Parking

Auto Circulation
Policy 5.1 Vehicular Access

Travél .Mode Split

Policy 5.2 Travel Mode Split

Parking

Policy 5.3 Parking for Campus Use and Public Coastal Access

Parking Supply
Policy 5.4 Parking Supply

. it of Parki

Parking Management
Policy 5.5 Parking Management
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Pedestrian and Bicycle Facilities

Policy 5.6 Promotion of Bicycle Use and Walking
Transit

Policy 5.7 Promotion of Transit Use

= o ; icinal

Transportation Demand Management (TDM) Coordination
Policy 5.8 TDM Coordination

Traffic Impacts on City Streets

Circulation and Parking Plan

10 inc Pl .

5.6. Public Access and Recreation

Figure 5.6 Coastal Access and Recreation Diagram

The locations of the proposed overlooks and the Overlook D trail are consistent with Figure 5.6.
Policy 6.1 Public Access to the Marine Science Campus

IM 6.1.3 Public Access Trails.

The location of the proposed Overlook D access trail is substantially similar to that shown in Figure 5.6.

IM 6.1.4 Public Access Overlooks.

The locations of the proposed overlooks are substantially similar to those shown in Figure 5.6 and the designs
of the overlooks and overlook improvements are consistent with the illustrations in Section 7.2.4.

IM 6.1.5 Docent-Led Tours and Education Programs for the Public.

The project would enhance the existing educational programs of the coastal terrace and bluff and the docent-led
tours of Younger Lagoon Natural Reserve.

IM 6.1.7 Interpretive Information.
The project includes new interpretive displays at all of the overlooks.
Policy 6.2 Management of Public Areas

IM 6.2.2 Public Trail Continuity.

The proposed alignment of the Overlook D access trail follows the alignment shown in Figure 5.6, with minor
adjustments for compliance with ADA access requirements and to minimize disturbance of habitat.

IM 6.2.4 Access to Resource Protection Buffer Areas.

Fencing and/or vegetative screens are included in the design of Overlooks A, D, E, and F as necessary to
discourage foot traffic into Resource Protection Buffer areas, to prevent unauthorized entry into YLNR, and for
public safety.

IM 6.2.5 Access to Coastal Bluffs.

Overlook F will provide access to the coastal blufftop edge.

IM 6.2.6 Access to Laboratories and Research Areas.

Public access to Overlook C, which is adjacent to the marine mammal pools, will continue to be available
through supervised tours only.

IM 6.2.10 Public Access Signage.

NOID 5 12-2 16

June 19, 2012



The project will install public access directional/informational signs consistent with the campus design theme.
) _ - | ; | ired

5.7. Hydrology and Water Quality

Policy 7.1 Productivity and Quality of Coastal Waters

IM 7.1.1 Management of Storm water and Other Runoff.

The project will not increase the volume of runoff to wetlands, the ocean, or Younger Lagoon. All new access
trails and overlook platforms will be surfaced with materials that are either fully-permeable and/or will store
storm water for infiltration, such that there is no increase in surface runoff. Runoff from the roof of the Overlook
D blind will drain to an infiltration trench.

IM 7.1.2 Water Quality Standards.

The permeable trail and overlook surfaces and the infiltration trench at Overlook D will provide filtration of runoff.
IM 7.1.3 Pre- and Post-Development Flows.

The project will not increase runoff flow rates.

IM 7.1.6 Groundwater Recharge.
The project will not increase surface runoff.

IM 7.1.13 Permeable Hardscape.
The project includes permeable hardscape for all trails and overlook platforms.

Policy 7.2 Long-Term Maintenance and Monitoring

Policy 7.3 Drainage Discharge Points

I \ 4 ;-3.2 Disel a ge S.ti lg a ld Des.gl v
Policy 7.4 Drainage Plan Required

5.8 Utilities
Policy 8.1 Provision of Public Works Facilities

Policy 8.2 Protection of Biological Productivity and Quality of Coastal Waters When Providing Public
Works Facilities

. : S ated

Policy 8.3 Water Conservation Required
oHey 8. H _pl_aets to-City-Watera d-Sewer Systems-Ofiset

CHAPTER 6  Design Guidelines

62— Campus-Street Desigh——

6. Trail Design

The design of the Overlook D trail is consistent with the general design guidelines for trails in Section 6.4.2, and
the specific trail design guidelines for minor trails, in Section 6.4.3.

6.5 Landscape Design
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All project landscaping will utilize only native plants grown from locally collected seeds.

6.7 Signage Design

Public access signs and interpretive panels consistent with the design theme and sign type on the campus, will
be installed as part of the project

6.8 Fence / Barrier Design

The existing YLNR fence is integrated into the design of Overlook E, and will be modified to provide views from
the overlook into the lagoon. Low railings will be constructed around the pads at Overlook A to discourage
human intrusion into the adjacent Resource Projection Buffer.

CHAPTER 7 lllustrative Campus Buildout Site Plan and Preliminary Designs
Refinements have been made to the preliminary overlook designs presented in Section 7.2.4, such as
adjustments to the alignment of the Overlook D access trail, revisions to the structural and architectural design
of the blind at that overlook, and the use of permeable paving materials rather than wood for the viewing
platforms at Overlook A. The project would integrate the existing YLR fence into the new Overlook E; the
Campus will replace the and native plant screen, as described in Section 7.2.4, in the future as part of a larger
development project. However, project design is consistent with the preliminary overlook designs presented in
Chapter 7.

CHAPTER 8 Development Procedures

This NOID and the public notification process is submitted in conformance with the requirements of the CLRDP.

CHAPTER 9  Capital Improvement Program
The project would complete the “Overlooks” component of the Capital Improvement Program, as described in
Section 9.1.2, according to a revised schedule.

ARRPENDRCA—Resowrce-ManagementPlan

APPENDIX B Drainage Concept Plan

The project design utilizes Low Impact Development BMP strategies, including permeable paving and an
infiltration trench to capture runoff from the roof of the blind at Overlook D. The project would not result in an
increase in storm water runoff to Younger Lagoon, the ocean, or wetlands. Reserve staff will maintain the
infiltration trench. The requirements for monitoring and maintenance of treatment BMPs described in Section
B.6.2 do not apply to this project.

NOID 5 12-2
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1c. Environmental Compliance Documentation

See Section 3

1d. Technical Reports

See Section 5
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le. Consultation Documentation with other Agencies

Uriled States Department of the Interior

F15H AT WTLOLIFF SERYVICE
Yentura Lish and Wildldfis OGce
2403 Porola Rord. Suim: B
Wenlure, Celilomia 93003

"M A=F Y REFER T,
DA B

Heptarber 23, 2010

Sally Moroum

Hemior Eovincaesls] Plauer
Uiniversity oF Califomia Samia Cruz
TEH Hiph Stieel

Banta Crox, Califmia 9306

sulhjest: Cuhe ormence Roegueat for Warine Seiznoc Campus Mallic Corstal Apcoas Oworlonks and
Creeglooks Lnprovements Projeel, Sunda Crws County, Califomia

Dear Mz, Marga:

We are respemding 1o vour cimail request vaceived in our olice wn Septeaiber 21, 2019, tor our

colcH N wilh your dotormination thar the proposed Marine Science Campos Public Coastal Accose
Crverlanks &nd Cverlooks hnprovements Froject [project) will not osolt in take of the fodeal by
threaened Califoomia red-lepped (e (Rana draoeeif). The Tniversity ol Culifomiz Saola o (TCSC)
[rrouases die construcetion of thiee ngwr public cogstal access cvericoks and improveinents totwo existing
weorlaoks at the UCSC Marine Scicnee Campus {Campns] Incaded snuthwest of the eity of Sanfa Cruz.

Lhe U5 Fish and Wild|ife Sevice’s {Servive) nesponsibilities include administavite ihs Endangered
Spresics Al of 1973 ws wenended {Ace) ingluding scetions 7, %, and 2, Scetion ¥ of the Act prohibity che
luke eMdisted sposies withalt peciol exempiiom. Take s defined sy 10 harass, harm, poaraue, hond, shoi,
wiound. kill, wan, capiure ot cndlect, of o anerhpl Lo ensaee inoony sucl soduct. [Tarassneat s defined
by fhe Service as wo inlentional or negligzng agtion flyn ereares the Lkallhood af injary o ligied specics by
amowrying it to such an extent a: W similcantly distupt nommwl behaviorul petiers which melede, bol ure
ant linited L, breeding, feoding, or sheltariag. [l is lurther delined by few Servics b includa
sipmificant hlrtat inadilicadion or degredation that results in death ar injury to listed specics by
sigzlicuntly impaiving cascntial bebaviural puliems, inclmling Breading. Feeding, or sheliertge (50 OFR
173} Cxonplions to-the prohilitions apaiosl lake may e oblained Daough sosndioation with the Scrvice
nten ways: oozl inleragenuy consudialions fir projeces with Federal invelvemen) mursuant L se o
Tal the &t orthrough the isseance of an incidenta] whke permil ander secton 0001000 of the AcL.

Califarnia red-lepred Teugs sre knowm to oo within dispersal distance of the peajoct arcy at wetland
Ineatipns approximately 1,200 Fect neeth and 2,7 1 fegt narth of the profoet arme. & road-killed Califimia
red-leprecd frog was also obsarved indwpust, 206 within the develuped portivo of the Ceompus 2nd
eprprescimatcty 2400 teer from the closest overlook cunstouction sile. The ariein of dee read-killed
California ed-beprzed fiog has not boen determined as itz locaticn doss not provide enongh fnformacon
regard g, its oaigin v destinadion. Mer aguatic rosoures sme beeaeeed v the imesdiue vicinity of e cwad-
killed California rad-legaed [rop und the Tecadion 35 nied among agquadie cespurces in which the species masy
have heen dispereing hotwosa, The species 15 nol anticipated do re-accur jn the developed portion of the
Campus. Youngor [Lagoon is lneated 8pprogintataly 15 teer from the nearcet ovorlaok comsinelion sy

TAKE PRIDE &
INAMERIICA% FECh SEP =6 =X0
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and provides suitable non-Breadirge aquatic bubital or the spevies; however, tee lagoon does il pravide
suiluble Broedinge habitat dus to high lewals of salinigy,

The pronoacd peajocr eonsists o iioor improvesments e one sxsling overluol (03, major smpecyvemonts
lo ome existing overlook (03 and eonstruction ol thlee new svenlooks {4, B, FY el associated access
pathis. Ohverlool C s an existing overlok and censmuction getivitios woukl be limitet 1o adding new
inwerpretye panels nd minor eround distucbance with mr anlicipeted vegelalion removal, Proposed
improvements o Creerlook D inclede construceion of & patt aeed Lhiee appredaimaiely 20 foot sactions of
Tevaiming veal] wy combrol crasion. & Bitd blind along with an adjacent vepetared indilteation frensh wonld
dlzo e canstrueled Ly vapisme and facilitate antizipated Bird blind voof® ronoft which waunld be lncated on
the slope above Younger Logeon. Overlook A would De located wdjacent b the Sepmaour Maeine
Thsisuweery Clontor and constretion vould endadl miner prd ing Tor pad wnd path construciion as well as
vepelalion rerwrvrl. Constcrion of Ovedeak E. wdtich wonld avertoob Y ouwoeer Lagacn, snrails ménar
gracling, midilicalioen of e saisling beandary fence wnd vogegabon rrimming to provide meresssd
visihility. Cnvarlock Fis ot a desighated averhak: hunwever, this arew is cumenlly wed as sech.
Covitnuelivn for Chaorlaok ¥ woield requive mioor arading and venetation renaval. Adl nes paths and
overlook pads wonil be surfaced with & poreions material and none of the oyericoks ar aths woold
incfude night lighting. Al aces ol disducbanes wewld be rovegeluled with nabive plal spevies. The
projevt wonld not resak m o any significant baniars g ncvernsdl 10 Calilvetia sed-legeed frogs, The
prapased dverclook construction aitoa cach enntain auitahic California red-legged trog disporaal habimt
however, the specics i3 oot anticipaied o oouor al amy oF the sites due to their distance fmom aogoatic
résuurees und the avnidence And minimizacion neasuess proposed be CCEC,

L'CEC proposes wo implement the following avoidance and maioindzaion mensee: W wvoid @ie of die
California ced-lewred lrons:

Pricr ko the commencement of project activities, a quelified biclogis will conduct o dnzitisg,
sazsion lor all cunstcuction pemsonncl. Snch training will inciyde: 3 deseription of the Califomia
red-legged frog and its Tabitul. the sperific measons implomented i aveid toke ol Colilsie med-
logyzed freg dering project congicuctian, amt Qe boundicies. within which project comsiraction will
b ageomplished. Cach individoal that will be working ar e projest site noust undergo this
Trdinilg i b beeanming weord ad dhe projoat site,

L Cirmncé-cdhstorbing activities will be limitad to the paricd firoo Apeil 15 throvah October L5, 1Y
wurk MU=l comtinine afber {k=tnbar 15, the applicant manr peguest, in writing, an extansion trom the
Service w condus: lunber preund-disturbing sctivitica.

3 Jimediniely prioe to vopematdion remeval 3t gach of ths constrietion sites 8 qualificd biolngist will
perform @ preconstruchon survey for Califomin red-leeged froes. Wepetation will he hanl
cloared, with 1he uze ol a chizin-sew as peeded. 02 beishl of 3 (o 6 ncles, and e Diologis] will
sepeul The pre-conslrucdon sirvey [etiong any geonnd disknbance at cach of g sites. 17 during
Pre-cousttmcuon survess or durine the conrse of constrmetivm o Califvmig red-legred fnne s
abacrved fha anyoned inan aren that would be impacted, work will cease and e Service will ba
neti Fied within 1 wocking dav, Meither the biologist nor any other incdividual will handlc
Culifurmiy red-logecd fiogs.

£, 1f no Califomia red-legped Ivops ane ientified wilhin e work areas durng preconsiruction

aurveys dhosc arcas will be surounded with 3-foet high exclusion feneing o eoclude the species
[reans Lhie comslmecibom siles.

NOID 5 12-2
June 19, 2012



Hally Pdorgan K

. Prior o veurle activites cach maoming the qualificd bindcgist will inapece the Intepily o e
cxelusiog Eace and survey wnder and sround comstoruction eyuipmneny, rmaterial stockpilcs, and
work argas fior Calitfaonia red-legged eets. a Califimia red-legasd frog (or an animal Lelieved
Loy he mCalilvmin rod-loxged trog) is obsornsd by anyonc at anarca tha weolel be impacled wook
il ceass and Lhe gualifed bivds=t will be immediaiels noliled.

G, Al drwshe wiill be remoned froun the 2t daily b0 awaid attrackingg paotential predaicrs o Lhe site.

We cuoneur with your detenmination that che progact. 3z propased, will not resuab in ke of the Califemis
red legged Uop becuuss: (21 LHCEC oy commaded o implomant the aftmementioned avoidocice and
minimization measuecs and {2y Caliborman red-leagpel [fogs are nol eapecied W inlabit @ic project arcas
durnyg constrackion.

U deronuination is valid anly for the subject el ws cumently proposed. 10 wour project description
changes, we recormmend that pow contact our olfice immedialely o we can derermine TF arkditional
amolysis ds mecessany. Ay a remiander, dhis letrer does not sonstinte authorizazion trom dee Sovice o ke
todarally Hsted specves 1o any manner. In the event that fedorally [ited spocees are subsegqeently
enceutered at this gite, we pacomunend vou suspemd all work velivities and cootack B Servica
itnmcediztely s disenss prential offcets 1o listed speeics aod Lhe possible need for coordinatinm.

e APpreciane the apporiutity B wark wilh pou o avedad trnpacts e the Califmate ned-leeped Doe oo s
hubrilul, 37w heave any qucstions vasarding this maler, please concact Chad kitcharm of myr staft at
CHOS) Bfd - TEG, exlensinm 35S,

IS L]

IJcJuglaé’s Caoper
Deputy Assislanl Foaeld Sopecvizon

1f. Implementing Mechanisms
N/A

1g. Correspondence Received
N/A

1h. Project Manager

Dean Fitch

UC Santa Cruz Physical Planning & Construction
1156 High St., Barn G

831.459.2170
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University Approval Documentation
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3. Environmental Compliance Documentation

SEE SECTION 2 - University Approval Documentation

e —r e

Motice of Determinaiion

Ta .
K Oifiee of Plnnniag end Wogearcl
Froar Lo N

PO Beror 3014 1408 Tend: S

Seoruraens, CA D3R 13-3044  Saecemenio, TA 93812

O Comnty ¢2lerk
Countyr ofi _
Al

e A dar ey

Appahdie O
From:

bl Agency: |kbesty of Galllsmla Santa Cn.x

Acudress: TUES High Sirazt bhaistap EAT

Serta Cng, A 9506
Fnebict: Salt Margan
Tlwcia: {8311 4551254

Lead Ageitay iFdilTeient o alwneey;
==ma

Addvcsa: . -

onuer:
ez _

SUBJECT: Fiting of Notlee of Determinaton [n compifance with Sectlion 21908 oF 21152 of ke Public Resovrees

Carfo,

Stste Clzerinahoudae Mumber (if subritted fn Siefe Clearnghoues): 201 DEUE‘-'}
Frojert Tiie: PUblic Coastal Access Cverlooks and Qveroek Improverents

Fraject Locatlon (hawde sounne: 100 Shafter Rd., Sant Il:ruz Santa Gz Co., CA BSL‘JB:P

Frojecl Dossfmtion:  — ~

Improvemenis e aonstrugtion of ce coastal and wetand pvadooks oh LICEC's Mame Sokense Campls, ircluding
creafruetion of ADA-accesshle il intepralive signags, a wildlife-wiswing skeder, and sesociaied vistor smanitias =2uch £5

banchas and Bicyele parking at sevaral boations.

s i b adeide tha twe _Universiy of Sa¥fomia Sanka Ge

Tl gl e U'R.l:hu reodl Aveiwy
uacl his mandz the Ltleeing dedeeriowings rezerding ke ebovy Jescribed peadzern

i

s

g aponed Lha atnve deccibad pmjes:l mm

1 The potest [[]will Bl vot] bave a siondfieanl effs:l oo tbe shvireame=nt.

L

T A neimcnenlal Lenae Bepert vas popand foo Uils prodeel posien? o Ui prosedsions o T CFDA.

B egaiivo 12zelarat ca was poopared For dus profact puanant to the prowislons of CEQA.
2 Midggdan mesarce [ were [wocre nec] mnds 5 condition of the apprave. of the project
4, A Mitlgntion repormig nrmemikicmg piar LE s D was oty adopesd for this poojoc.
3, & graternenr of Creerricling Comyidertclioag [ was [ was nou] zdnpsed i thiz pojeer
b =Indings [Elm‘c ch'e k] e sursaumt Ly the et dimes ol CLITRA.

This i3 to o35 chet the fingd EIR wif cammends anc sesponze mel recprd ol projesi spnnval, of tha nogative [hecleratim, 15 -
avaitghla 1 the Censrd Poblie 22 UESC Brive eal Plannrg and Cararuslien, 1184 High SE, Santa Caiz; abboppe.less eduicpanning

Atz (Tuklic Aoy

Ticl=  Denlor Erviroarkantsl Plskner

e Febrygry 97, 2011 \

Aherly virsd: Sedicns 21903, FubUc KeEo0rees ot
e =nom Segtzan TIANMCA117d, Moblic Rosaura:s Coce

NOID 5 12-2
June 19, 2012

f? il _Eul frgpn-._
1 L/J

Diore Becoperd tar (i17g st (PR

r‘? _Tfl. 5 ".

T,
1 rl:' T I|
i
I1 =pp & i
I'| ) 3 HU"]___Il Rorriacd 2005
e LhE
|E|t = "‘_ e

33



NOID 5 12-2
June 19, 2012

4. Plans, Specifications, etc.
(this section used if project documentation is large format or extensive)
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