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Management Approaches

CHAPTER 1: MANAGEMENT PRINCIPLES AND APPROACHES
Despite protection from development afforded by the designation of habitat Preserves, the
covered species and sensitive communities will face many threats to persistence within the
LOHCP Preserve System. By confronting the current stresses and new threats that emerge,
management will play an important role in attaining the conservation goals of the Los Osos
Habitat Conservation Pan (LOHCP).
This chapter outlines the overall approaches that will guide protection and enhancement of
the sensitive species and communities of the Los Osos Habitat Conservation Plan (LOHCP)
Preserve System. These general principles were used to develop the management goals and
objectives (Chapter 2), management strategies designed to attain the goals (Chapter 3), and the
adaptive management and monitoring program through which management will be implemented
(Chapter 4) in the LOHCP Preserves. In addition, these principles and approaches were used to
guide development of the Management Plan for the Bayview Preserve (Chapter 5), which is an
example of the Preserve Management Plans that will be prepared for all LOHCP Preserves.
Management in the LOHCP Preserve System will:
1.
2.
3.
4.
5.
6.

Be proactive
Facilitate conservation of native biodiversity at all levels
Reduce the stresses to the system to enhance native biodiversity
Follow detailed management plans
Identify stresses to the system through early research and monitoring
Use research and adaptive management to address the uncertainty in the effectiveness of
management techniques and their impacts
7. Minimize potential negative impacts of projects on sensitive species
8. Be prioritized to maximize benefit of the habitat mitigation funds
9. Follow a tiered approach to achieve conservation goals with minimal intervention
10. Utilize adaptive management procedures to facilitate success while increasing knowledge
1.1 Management will be proactive
While habitat preservation is essential, it will not be sufficient to preserve or facilitate
recovery of the sensitive species nor maintain natural community structure within the Preserve
System. Three factors indicated that a proactive management approach will be needed to attain
the biological goals and objectives (Chapter 2):
1. The communities of the Baywood fine sands are dynamic
2. The communities of the Baywood fine sands have been degraded
3. Extirpations and population declines are occurring within the region
Baywood Fine Sands Communities are Dynamic
Ecologically speaking, the communities of the Baywood fine sands represent a dynamic
system in which natural, recurring disturbances (i.e. fires) enhance diversity through both space
and time by creating a mosaic of habitat conditions. Anthropogenic disruption of the natural
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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disturbance regimes (fire exclusion) will create late successional conditions over a large area,
resulting in a more homogeneous habitat that is unsuitable for many species adapted to postdisturbance conditions, including sensitive species such as the Morro Bay kangaroo rat and the
Indian Knob mountainbalm. Because human habitation in and around the Preserve System
renders it infeasible to allow natural disturbance processes to occur (i.e. wildfires), proactive
management will be used to simulate disturbance and maintain conditions required for species
and community persistence.
Baywood Fine Sands Communities Have Been Degraded
Undeveloped habitat to be included in the LOHCP Preserve System has been degraded
by anthropogenic uses including agriculture and recreation. These and other uses have denuded
soil, caused erosion, and facilitated the invasion and spread of exotic plant species. Active
management will be needed to repair and reduce future impacts of such stresses to native
biodiversity in the Preserve Areas.
Extirpations and Population Declines are Occurring
Populations of at least two sensitive species are known to be in decline, and potentially
heading toward extirpation, pointing to the need for management to actively address the habitat
degradation occurring in protected, yet unmanaged, habitat. Populations of the Morro Bay
kangaroo rat and the Indian Knob mountainbalm are both dangerously low. Their declines can
be linked to reduced habitat quality, and suggest that other unstudied species with similar habitat
requirements are also being extirpated. Active management will be used to halt, reverse, and
repair the habitat degradation before these species are lost.
1.2 Management will facilitate conservation of native biodiversity at all levels
Management of the LOHCP Preserve System will focus on conserving native biodiversity
that occurs on the Baywood fine sands at three hierarchical levels.
1. Community: the diversity and mosaic of different plant and animal assemblages
2. Species: the diversity of different species (including infraspecific taxa)
3. Genetic: the diversity of alleles (gene values) and locally adapted genetic complexes
The persistence of species in perpetuity will require a diverse mosaic of habitats required by
the many sensitive species, and maximum genetic diversity to confront variable and potential
changing conditions. The biological goals and objectives will address the importance of
maintaining biodiversity at all three levels to facilitate persistence of the sensitive species and
communities.
1.3 Management will reduce the stresses to the system to enhance native biodiversity
Management within the LOHCP Preserve System will aim to reduce and remove, where
possible, stresses—anthropogenic factors which alter the natural structure, composition, and
function of the natural system (Table 1-1). The initial phase of LOHCP implementation will
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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include research to evaluate the effectiveness of recommended techniques to reduce the current
and future impacts of known stresses and identify additional stresses.
Table 1-1: Known and hypothesized stresses to conservation targets of the LOHCP
(Brodo 1986, JSA 1997, USFWS 1998, 1999, Tyler et al. 2000)

Stress
Conservation Targets
natural mosaic of communities
native plant diversity
native animal diversity
Morro shoulderband snail
Morro manzanita
Splitting yarn lichen
Indian Knob mountainbalm
Morro Bay kangaroo rat

Fire
Exclusion
●
●
●

Wildfire
●
●
●
●
●
●
●
●

●
●
●

Exotic
Plants
●
●
●

Recreation
●
●
●
●

●
●
●

1.4 Management will follow detailed, comprehensive, and adaptive management plans
Detailed management plans will be developed to guide the design, implementation, and
evaluation of management in the LOHCP Preserve System. These plans will:
1. Synthesize available ecological information about the system and its components
2. Establish a series of goals and objectives for each of the conservation targets
3. Outline a scientifically rigorous and adaptive approach to management
Management planning will occur at two levels: 1) preserve system, and 2) individual
preserves.
Preserve System Management Plan
The Preserve System Management Plan will be developed and updated to provide a unified
strategy for sustaining biodiversity in the LOHCP Preserve System, which is defined as all of the
LOHCP Preserves. The Preserves System Management Plan will prescribe specific management
projects and prioritize management to maximize the regional conservation benefit. Though
many stresses are widespread, their intensity or degree of impact is not uniform within individual
Preserves, nor is the distribution of community types and sensitive species. By evaluating the
spatial distribution of communities, populations, and stresses throughout the preserve system, the
plan will identify management strategies to meet overall goals for the maintenance of native
biodiversity in protected habitat.
The Preserve System Management Plan will be developed following a detailed inventory of
the preserves to identify the opportunities and constraints for management. The inventory will
consist of a series of systematic surveys to determine the location, distribution, and abundance of
sensitive species, communities, and other resources. The information will be spatially explicit
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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and incorporated into the Preserve System GIS where it will be used to identify treatment areas,
plan monitoring, and track changes in conditions through time.
Based on the results of the Preserve System inventories, the Preserve System Management
Plan can be developed, using this document as its basis. Additional information about the
sensitive species and communities will be used to prescribe specific management projects and
prioritize the, as described below. The Preserve System Management Plan will be updated
regularly to incorporate new information to guide management, shifts in priorities or approaches,
and new preserve areas added to the LOHCP Preserve System.
Preserve Management Plans
Individual management plans will be developed for each LOHCP Preserve. For purposes of
management plan preparation, a ‘Preserve’ is a contiguous area of habitat owned by a single land
owner, irrespective of parcel boundaries. In consultation with the landowner, a Preserve Plan
will be developed by the LOHCP Preserve Manager and/or another qualified biologist following
the guidelines set forth in the Preserve System Management Plan. Opportunities and constraints
for management will be based on the results of the initial inventory of the sites conducted as part
of the Preserve System baseline inventory.
The Preserve management plan will be drafted to include the following contents.
Goals and Objectives: Each preserve will have a series of management goals and objectives
designed to facilitate attainment of that of the LOHCP Preserve System.
Strategies, Targets, and Techniques: Specific strategies, targets, and techniques will be
developed to facilitate the goals and objectives of the LOHCP.
• Strategies are the general approaches to reducing stresses to the system.
• Targets are the aspects of the system that management is designed to influence.
• Techniques are the specific treatments which are applied.
For example, eradicating jubata grass is a management strategy that will likely facilitate
several goals of the LOHCP. One target in this strategy would be to remove all jubata grass
adults from the Bayview unit of the Morro Dunes Ecological Reserve. The techniques used
to accomplish this include cutting and spraying adults with glyphosate and hand removing
seedlings.
Priorities: Management will be funded by the stream of mitigation fees. To maximize
effective use of these funds, management priorities will be developed in consideration of the
relative benefits of projects to alleviate current impacts and the cost savings associated with
avoiding or minimizing future threats (e.g. exotic plant prevention, wildfire prevention).
Adaptability: The plan will include adaptive management mechanisms for evaluating and
altering management based on the outcomes. In addition, it will allow for priorities to be
shifted or new priorities introduced in the event that new threats or opportunities emerge.
Adaptive Management and Monitoring Plan for the LOHCP Preserve System

1-4

J.M. McGraw

Management Approaches

Preserve plans will be developed as new Preserves are added to the LCHCP Preserve System.
They will be submitted for comment to the agencies and organizations identified in the
LOHCP Implementing Agreement. As with the Preserve System Management Plan, they
will be updated regularly to incorporate changed conditions, new information about ecology
and management techniques, and other relevant information.
1.5 Management will identify stresses to the system though early research and monitoring
Management within the LOHCP Preserve System is designed to maintain the native species
and communities in perpetuity. Despite invaluable research conducted during the past 10 years,
critical gaps remain in the ecological knowledge required to effectively management the system.
Given the extraordinary rarity of the communities, the diversity of sensitive species they support
and the potential for negative impacts of management projects in the complex system, the
conservative approach to management will be: ‘First, do no harm.’

total
proactive
management

Management Funds
Expended

In the early years of implementation, a
greater portion of management funding will go
toward filling data gaps through inventories and
targeted scientific studies designed to identify
additional stresses and understand the ecology
of the sensitive species and communities
(Appendix A: Scientific Approaches to
Management). During the initial years, funds
will be applied only to management projects of
known conservation benefit and minimal
likelihood of negative impact. As illustrated in
Figure 1-1, funds will be shifted from research
to proactive management as knowledge to
inform management projects becomes available.

research
time
Figure 1-1: Illustration of the general allocation of
management funds to research and management related
activities in the LOHCP Preserve System through time.

1.6 Management will use experimental research and adaptive management to address
uncertainty in the effectiveness of management techniques and their impacts
Management strategies and techniques will be developed and implemented using an
integrated approach in which science is used to inform management, which in turn will
incorporate scientific methods to increase knowledge of the system and enhance success.
Appendix A provides greater detail about the scientific approach that will be used to facilitate
conservation goals of the LOHCP Preserve System. Figure 1-2 summarizes the approach.
Research in the Baywood fine sands communities will be used to generate hypotheses for
management treatments. Small-scale manipulative experiments will be used to test treatment
effects, compare alternative treatments, and evaluate the potential for negative impacts.
Experimental management will be used to apply management treatments shown to have
beneficial effects at larger spatial scales. Using a scientific study design in such adaptive
management allows determination of whether management treatments “scale up” when applied
over broader areas.
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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No

Have hypotheses for management
treatments been developed based on prior
knowledge of the ecology of the system?

Yes
Has the effectiveness of the
management treatment been established
through experimental trials?

Yes

No

Is small-scale experimentation feasible?

No
Yes
Conduct an observational
study to develop hypotheses
for potential management
treatments

Conduct a small scale
manipulative experiment to
test hypothesized treatment
effects

Implement adaptive
management to evaluate
effectiveness

Figure 1-2: Decision tree that will be used to design and implement management in the LOHCP.
More detail is provided in Appendix A.

1.7 Management will minimize potential negative impacts of projects on sensitive species
All management projects will be designed to avoid negatively impacting sensitive species.
Upon implementation of the LOHCP (and as new preserve areas are added), baseline surveys
will be conducted to document the distribution and density of sensitive species populations.
Whenever possible, management projects will be conducted in areas lacking sensitive species
that might otherwise be negatively affected by the project. Pre-project surveys conducted
immediately prior to implementation will be used to confirm absence of sensitive species.
In some cases, it might not be possible to avoid areas with sensitive species. Indeed, it may
be beneficial to conduct projects in areas supporting sensitive species. Ecological knowledge of
the system might indicate, for example, that the short-term negative impacts of management to
one or more populations will likely be outweighed by long-term positive increases due to
management, resulting in a net benefit to the sensitive species. In these cases, management will
integrate measures to minimize direct negative impacts to current populations while maximally
facilitating the long-term beneficial effects anticipated for the species.
Separate management units will be established to deal with potential conflicts between
management objectives for two or more sensitive species. For example, prescription burning
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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designed to enhance regeneration of Morro manzanita and Indian Knob mountainbalm and create
potential habitat for Morro kangaroo rat, may directly reduce populations of Morro shoulderband
snail and splitting yarn lichen, which are likely indirectly facilitated by the post-fire environment
in the long-term. To address these potential conflicts, distinct management units will be
designated to create conditions required for the different targets (i.e. species, communities).
Within each management unit, specific management goals and objectives will be used to
facilitate the designated management target. Management units will vary in size from less than
one acre, to a large portion of a Preserve, depending on goal and ecology of the area and targets.
The patch mosaic of communities in various successional stages that will result from
maintaining management units with different conditions will facilitate the preserve system goal
of maintaining native biodiversity while conserving sensitive species and other unique targets
(Borsmann and Likens 1979, Forman and Gordon 1986). In communities adapted to disturbance
such as fire, different disturbance types occurring at varying spatial scales create patches of
habitat in different successional stages (Sousa 1984a, Baker 1993). Due to their different abiotic
and biotic conditions, patches of different successional age support different species. As a result,
a patch mosaic approach to management has strong potential to enhance overall diversity
(Petraitis et al. 1989, Huston 1994).
1.8 Management will follow established priorities to maximize the benefit of the habitat
mitigation funds
Management priorities will be developed and maintained using an objective system that will
facilitate maximum conservation benefit, while avoiding the potential for inadvertent bias to
neglect certain targets and goals through inappropriate emphasis on others (i.e. ‘pet projects’).
Management projects will be ranked based on the following criteria:
1. The need of the conservation target(s) management is designed to benefit
2. The per dollar benefit of the project
3. The opportunity cost associated with delaying or omitting the project
Prioritization will occur at the level of the Preserve System, as projects implemented at different
sites will vary greatly in their relative benefit and thus contribution to the overall conservation
goals. Priorities will be updated as new information becomes available.
1.9 Management will proceed using a tiered or stepped up approach to achieve
conservation goals with minimal intervention
To reduce the potential for unintended negative impacts and to minimize costs, management
in the LOHCP Preserve System will focus on achieving conservation goals through the least
intrusive methods possible. Following a tiered approach, management will first remove or
reduce the stress (Figure 1-3). If substantial progress toward the goal does not result, then a
series of increasingly active steps will be used to push the system toward the desired condition.
If, however, stress removal/reduction is effective alone, this approach will avoid more costly
management which has greater potential to have unintended negative consequences.
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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For example, efforts to increase available habitat for sensitive species will target recovering
the many de facto trails presently found in many Preserves. First, trails will be closed to remove
or at least reduce the chronic disturbance. If natural recolonization does not result, additional
work might be required to restore the target conditions. For example, erosion control might
facilitate plant establishment on decommissioned trails. If recolonization remains insufficient
even after erosion control is implemented, active revegetation might be an appropriate Tier 2
technique to create target conditions.
Remove or Reduce Stress
Conservation Goal Attained?
Maintain Stress
Removal/Reduction
measures as needed;
continue to monitor
No

Yes

No

Implement Tier 1
Intervention
Conservation Goal Attained?
No

Yes
Is continued
intervention required?

Implement Tier 2
Intervention
Conservation Goal Attained?
No
Yes

Yes

Is continued
Continue to
intervention required?
monitor
Yes
No
Evaluate whether alternative techniques
might provide a more permanent and
cost-effective solution
Continue to
monitor
Figure 1-3: Decision tree for the tiered approach management implementation, in which stress
removal is followed by additional intervention only if substantial progress toward the conservation
goals is not attained.

1.10 Adaptive management will be used to facilitate success
Adaptive management is the process by which management activities are implemented and
monitored using a scientific research design, which allows analysis of changes due to
management and therefore evaluation of management effectiveness (Lee 1999). Following a
cycle of activities (Figure 1-4), adaptive management includes six main steps: 1) develop a
model of the system and/or species, 2) develop objectives that describe the desired conditions, 3)
design and implement management to meet the objectives, 4) monitor the system, 5) analyze data
to determine whether the objectives were reached, and 6) change management based on new
insights gained if objectives are not met. Greater details about adaptive management, including
step by step guidance for the development of adaptive management plans are provided in the
literature (Walters and Holling 1990, Nyberg 1998, Lee 1999, Elzinga et al. 2001).
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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Design & implement
management

Figure 1-4: Adaptive management
cycle as described in text (from
(Elzinga et al. 2001).

Develop
objectives
Objective
Achieved?
Develop
model

Monitor and
analyze data

Yes
No

Design & implement
alternative management

The LOHCP will use adaptive management techniques to confront the uncertainty inherent in
management, adapt to changed conditions within the Preserve System, and to increase
understanding of the ecology of the system.
Even management treatments developed and tested using a rigorous scientific approach and
implemented with the greatest care and attention to detail may fail to attain their prescribed
conservation goals due to the complexity of ecological systems. In the LOHCP Preserve System,
implementation of management will be treated as an experiment for purposes of determining,
with a high degree of certainty, the effects of the management of the sensitive species and
communities. Should management projects succeed, monitoring will be used to document their
long-term success. Should they fail, the results will be used to refine the model for the system
that will increase the likelihood of future management success.
Adaptive management will also be needed to confront the changes in conditions during the
course of management of the LOHCP Preserve System in perpetuity. Changes in community
composition (e.g. the invasion of an exotic plant) and species populations (e.g. a decline in
Morro shouldberband snail populations due to disease outbreak), among others, will require
changes in management strategies and priorities. In addition, management techniques that might
have been effective in one place or time may not be effective in another, requiring continued
vigilance to achieve the conservation goals of the LOHCP.
Adaptive management will therefore by utilized at several levels during management of the
LOHCP Preserve System. The adaptive management framework will be applied to management
at the preserve system and individual preserves, and adaptive management loops will be used
throughout implementation of individual management projects, such as with the tiered approach
described in Section 1.9. These processes will facilitate attainment of the conservation goals and
objectives described in the next chapter, which will remain consistent barring dramatic changes
in the system that are unforeseen and beyond control of the implementing entity.
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CHAPTER 2: BIOLOGICAL GOALS AND OBJECTIVES
This chapter outlines the biological goals of the Los Osos Habitat Conservation Plan
Preserve System. The goals specify the desired conditions for the preserve system and the
objectives provide steps for attaining the goals. A brief rationale is provided for why each
objective is an important component of the conservation strategy.
The goals developed address three main strategies for preserving native biodiversity within
the Los Osos HCP Preserve System:
1. Facilitate persistence of populations of the five covered species
2. Enhance natural community structure and composition
3. Allow continuance of natural ecological processes, where feasible
Covered Species
The goals and objectives developed for each of the five covered species are similar, as are the
rationales for their importance as part of the conservation strategy. They are as follows.
Goal: Preserve and enhance the covered species populations within the LOHCP Preserve
System.
Objective 1: Maintain populations of the covered species within each Preserve at which it
occurs upon implementation of the LOHCP.
Maintaining populations of sensitive species within each of the individual Preserves will
facilitate species persistence by reducing the probability of extinction due to chance events
including wildfire or disease which can cause extirpations (local extinctions).
Objective 2: Maintain or increase the distribution of the covered species within each Preserve.
Just as the likelihood of persistence is increased when a species occupies a larger geographic
area, the probability that a population will remain extant within a single preserve is greater if it
occupies a larger area. Upon inclusion in the Preserve System, a study will be conducted to
determine the baseline area occupied by each of the covered species. Monitoring will be
designed to increase understanding of the ecological factors which limit their distributions within
the Preserves while detecting population fluctuations and change. Management will focus on
removing potential anthropogenic barriers to the species distributions and increasing the area of
occupied habitat within each Preserve Area.
Objective 3: Maintain or increase the abundance of the covered species within each Preserve.
Within the Preserves, higher density populations have a greater probability of persisting and
maintaining genetic diversity necessary to adapt to a changing environment than smaller
populations. Monitoring will be used to increase understanding of the ecological factors which
limit the abundance of the covered species, and management will focus on removing
anthropogenic limitations to population size.
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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Objective 4: Increase understanding of the ecological factors that influence the distribution,
abundance, and population persistence of the covered species.
Many gaps remain in knowledge of the covered species ecology, making it difficult to devise
management strategies to enhance the density and distribution of populations, and prevent
extirpations within the Preserves. Studies will be conducted to fill these data gaps, which differ
among the five covered species. This information will be used to inform management to
enhance habitats and thus facilitate Objectives 1-3.

Goal 1: Preserve and enhance populations of the Morro Shoulderband Snail (MSS) in the
LOHCP Preserve System.
Objective 1.1: Maintain populations of MSS in each Preserve at which it occurs at the time
of the baseline survey.
Objective 1.2: Maintain or increase the distribution of Morro Shoulderband Snail within
each Preserve.
Objective 1.3: Maintain or increase the population density of Morro shoulderband snail
within each Preserve.
Objective 1.4: Increase understanding of the ecological factors influencing the distribution,
abundance, and population persistence of MSS.
Little is presently known about the ecology of the MSS, making it difficult to devise
management strategies to enhance the density and distribution of populations, and prevent
extirpations. Studies will be conducted to determine its microhabitat affinity, diet, and other
abiotic and biotic factors which might limit its populations.
Goal 2: Preserve and enhance populations of Morro Manzanita (MM) in the LOHCP
Preserve System.
Objective 2.1: Maintain populations of MM in each Preserve at which it occurs at the time
of the baseline survey.
Objective 2.2: Maintain or increase the distribution of MM within each Preserve.
Vegetation clearing associated with historic agricultural use of several of the preserve
areas may have eliminated MM from areas, such that its current distribution within Preserves
is unnaturally narrow.
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Objective 2.3: Maintain or increase the population density of MM within each Preserve.
Small populations of plants can experience disproportionately low seed production due to
low pollinator visitation and/or lower opportunities for outcrossing (fertilization between
plants) (the Allee effect; Tyler and Odion 2000). Vegetation clearing has likely reduced
populations of MM in many Preserves.
Objective 2.4: Increase understanding of the ecological factors influencing the distribution,
abundance, and population persistence of MM populations within the LOHCP Preserve
System, with emphasis on the factors influencing stand regeneration.
The stand age (or range of ages) for which the density of viable seed of Morro manzanita
is highest will be determined. Research has indicated that low density and viability of seed
in the seedbank may reduce the ability of the populations to regenerate following disturbance
(e.g. fire) which remove adults (Odion and Tyler 2002). Though Tyler et al. (1998) found
that an old stand of MM had the lowest seed bank density, the general relationship the
density of viable seed changes with stand age is unknown. A seed bank study and
monitoring (if necessary) will be used to fill this data gap and determine when and where it is
appropriate to initiate management to enhance regeneration using stand replacing
disturbance. Experiments and experimental management will also be used to examine the
success of prescription burns and fire surrogates (e.g. manual shrub removal) in facilitating
regeneration of MM.
Goal 3: Preserve and enhance populations of splitting yarn lichen (SYL) in the LOHCP
Preserve System.
Objective 3.1: Maintain populations of SYL in each Preserve at which it occurs at the time
the baseline monitoring.
Objective 3.2: Maintain or increase the distribution of splitting yarn lichen within each
Preserve.
Objective 3.3: Maintain or increase the population density of splitting yarn lichen within
each Preserve.
Objective 3.4: Increase understanding of the ecological factors influencing the distribution,
abundance, and population persistence of SYL.
Little is presently known about the ecology of the SYL, making it difficult to devise
management strategies to enhance the density and distribution of populations, and prevent
extirpations within sites of the preserve area. Studies should be devised to determine the
characteristics of microhabitat utilized by SYL within the Preserve Area, and the factors that
influence its establishment and survivorship.
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Goal 4: Enhance and preserve populations of Indian Knob Mountainbalm (IKM) in the
LOHCP Preserve System.
Objective 4.1: Maintain populations of IKM in each Preserve at which it occurs at the time
the LOHCP is implemented, and establish new populations in Preserves which lack IKM if
doing so is deemed appropriate.
Presently, IKM is only known to occur in one of the proposed LOHCP Preserves—the
Bayview Preserve. Maintaining this population will reduce the probability of extinction due
to chance events including wildfire or disease. If it is found that the limited distribution of
IKM is the result of previous population extirpations due to anthropogenic factors including
perhaps fire exclusion or land clearing, reintroductions of IKM will be used to increase its
distribution within the LOHCP Preserve System.
Objective 4.2: Maintain or increase the distribution of Indian Knob mountainbalm within
each Preserve.
The current distribution of IKM within the LOHCP Preserves is very limited. Though the
reason for this remains unclear, the narrow distribution of IKM combined with observations
that remaining plants are senescent suggests that the population is in decline (USFWS 1998).
The very limited distribution of the species represents a high risk of extirpation within the
LOHCP Preserve System which can in turn increase extinction risk.
Objective 4.3: Maintain or increase the population density of Indian Knob mountainbalm
within each Preserve.
Current populations of IKM within the LOHCP Preserves consist of just a low number of
plants which may represent just one or a few genetic individuals connected by underground
stems (USFWS 1998). Fire exclusion may have reduced the population density.
Objective 4.4: Increase understanding of the ecological factors that influence the
distribution, abundance, and population persistence of IKM.
Little is presently known about the ecology of the IKM, making it difficult to devise
management strategies to enhance the density and distribution of populations, and prevent
extirpations within sites of the preserve area. Studies will be conducted to determine
characteristics of its habitat and identify current abiotic and biotic factors which might limit
its populations. Extremely cautious experiments and experimental management will also be
used to examine the effectiveness of proposed management techniques.
Goal 5: Enhance populations of Morro Bay kangaroo rat (MBKR) in the LOHCP Preserve
System.
Objective 5.1: Maintain populations of Morro Bay kangaroo rat in each Preserve at which it
occurs at the time the LOHCP is implemented, and establish new populations in Preserves
lacking MBKR if doing so is deemed appropriate.
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Presently, it is not known whether MBKR occurs within the habitat of the LOHCP
Preserve System. The Bayview Unit of the Morro Dunes Ecological Reserve is deemed to
have the greatest probability of supporting the critically endangered mammal (USFWS
1999). Upon implementation of the LOHCP, surveys will be used to detect MBKR
populations. Management will focus on maintaining MBKR populations within each
Preserve where it occurs. Should the MBKR Recovery team decide to establish new
populations of MBKR, the LOHCP Preserve System could be used to provide suitable habitat
for translocations and/or locations for release of captive-bred individuals.
Objective 5.2: Maintain or increase the distribution of Morro Bay kangaroo rat within each
Preserve.
Because recent surveys have not detected abundant sign of MBKR, it is likely that the
distribution of the remaining populations is very low. Management will focus on removing
ecological barriers to MBKR population expansion and thus expanding populations within
individual LOHCP Preserves where it is found.
Objective 5.3: Maintain or increase the population density of Morro Bay kangaroo rat
within each Preserve.
Objective 5.4: Increase understanding of the ecological factors influencing the distribution,
abundance, and population persistence of Morro Bay kangaroo rat within the LOHCP
Preserve System.
Previous research syntheses have indicated that many abiotic and biotic habitat
characteristics interact in complex ways to influence the distribution, abundance, and
population persistence of the MBKR (USFWS 1999). Cautiously applied large-scale
experiments or experimental management of the habitat will be used to determine their
ability to improve habitat conditions for MBKR, and if the species if present, enhance the
distribution and abundance of the rare species.
Communities
Goal 6: Maintain or enhance the structure and species composition of the native plant
communities in the LOHCP Preserve System.
Objective 6.1 Maintain a mosaic of communities that naturally occur on the Baywood Fine
Sand soils within the Preserves.
The Baywood fine sands soil of the Los Osos regions supports several natural plant
communities (JSA 1997). In many Preserves, these communities intergrade as a mosaic,
reflecting small-scale variation in abiotic conditions and successional ages. Owing to their
different physiognomy (structure) and species composition, these communities differ in the
habitat conditions (structure, food availability, abiotic conditions) and therefore animal
species composition. Native biodiversity will be enhanced by maintaining patches of the
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different communities within each Preserve at which they presently occur, unless studies
reveal their occurrence is not natural but instead influenced by anthropogenic alterations,
which predate the earliest available aerial photographs of the area (1937).
Objective 6.2 Maintain or enhance the relative cover of native plant species within the
natural communities found on the Baywood fine sands.
Native plant species are important components of the natural communities found on
Baywood fine sands. Maintaining or increasing their relative abundance—the proportion of
the total plant cover they comprise— is an important target of habitat conservation in the
LOHCP, as it will facilitate the persistence of native plant populations and the maintenance
of native plant communities to which native animals, fungi, and other organisms are adapted.
Objective 6.3 Maintain or enhance the diversity of native plant species within the natural
communities found on the Baywood fine sands.
Maintaining the diversity of native plant species is also important for the persistence of
native communities. A function of species richness and evenness, diversity is often created
and maintained by natural ecological processes, including disturbances (e.g. fire) which
enhance the diversity of habitat conditions for animals and other organisms as well.
Though the abundance and diversity of other organisms including animals and fungi are
also important, it can be difficult and costly to monitor all of the different groups of
organisms. Native plant species will be cautiously used as indicators of native community
structure for purposes of monitoring overall habitat conditions, unless research indicates this
assumption is not met in this system.
Objective 6.4 Increase understanding of the ecology of the communities of the Baywood fine
sands to inform their management.
Greater knowledge about the ecology of the natural communities within the LOHCP
Preserves will facilitate management to attain the ecosystem, community, and covered
species conservation goals and objectives. Information that could facilitate conservation and
management include: 1) ecological factors that influence the spatial variability in
communities, 2) species composition of various taxonomic groups (inc. mammals, birds,
herpetofauna, insects, fungi, etc.), 3) historical disturbance regimes, 4) ecological responses
to disturbance, and 5) successional relationships among communities.

Ecosystem
Goal 7: Develop an interconnected system of Preserves which protects native communities of
the Baywood fine sand soils and allows for continuance of the natural ecological
processes on which they depend.
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Objective 7.1: Preserve parcels containing habitat that support the endemic communities
that occur only on Baywood fine sands.
The Baywood fine sands support endemic communities of plants and animals that are
extremely rare, owing to the small geographic range and history of habitat conversion. As
much of the remaining natural areas should be preserved in order to protect the unique
communities and the endangered species they support.
Objective 7.2: Create and maintain opportunities for migration between Preserves by
protecting adjacent areas and creating corridors for migration between separate Preserves.
Development has greatly fragmented the natural landscape and reduced the size of
remaining tracts of intact habitat. Small habitat patches are less likely to support persisting
populations. If extirpations occur, recolonization will be prevented by having isolated
Preserves. Genetic diversity is often lower in small, isolated Preserves, due to genetic
bottlenecks, inbreeding, and genetic drift.
Development of the Preserve System will be designed to increase the area of protected
natural communities by creating preserves adjacent to already protected habitat. Migration
between otherwise isolated habitat patches will be facilitated by creating and maintaining
corridors that link protected habitat separated by unprotected areas. Providing opportunities
for plant and animal populations to migrate between protected areas can increase the
probability of species persistence by increasing the size of populations, allowing
recolonization following localized extinctions, and increasing genetic exchange among
otherwise isolated populations.
Objective 7.3: Protect contiguous habitat areas that are large enough to allow management
using fire, a component of the natural disturbance regime essential to the persistence of many
species.
As a natural disturbance that historically occurred within the communities of the
Baywood fine sand soils, fire creates early successional conditions required by many plant
and animal species and directly facilitates establishment of many maritime chaparral plant
species, including Morro manzanita and Indian Knob mountainbalm. In addition, fires
conduct important ecosystem functions including reducing pathogen populations and
promoting nutrient cycling. To facilitate management using fire, habitat within the Preserve
System must be large enough to allow treatment areas to be separated from adjacent
developments.
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CHAPTER 3: MANAGEMENT STRATEGIES, TARGETS, AND TECHNIQUES
This chapter outlines management strategies designed to facilitate the biological goals and
objectives of the LOHCP Preserve System (Chapter 2). For each strategy (general management
approach), this chapter provides one or more targets— specific aspects of the system or
management work to be attained. To facilitate implementation of management projects, this
section identifies one or more techniques—mechanisms for attaining the management target. In
many cases, techniques are designed to be implemented sequentially, to attain conservation goals
in the most cost effective and least intrusive manner (Section 1.9).
A brief description and rationale follows each strategy, target, and technique. Detailed
information about the system that was used to develop these management plan components is
provided in the appendices, which synthesize the ecological knowledge of the sensitive
communities and covered species (Appendix B), the ecology and management of exotic plants
(Appendix C), factors influencing successful recreation management (Appendix D), and the role
of fire management in attaining the biological goals of the Preserve System (Appendix E).
The current strategies, targets, and techniques are based on the best available information
about the system. The Adaptive Management and Monitoring Program (Chapter 4) of the
LOHCP will increase knowledge of the stresses and appropriate management through a rigorous
scientific approach to management and monitoring (Appendix A). The Preserve System
inventory conducted early in implementation of the LOHCP (Strategy 1) will provide additional
information about the stresses and management needs of the covered species and communities.
The results of research and management will similarly be used to update the strategies.
Table 3-1 summarizes how the strategies and targets will facilitate achievement of the
specific goals and objectives outlined in Chapter 2. Table 3-2 provides a broad timeline for
proactive implementation of the strategies, emphasizing research and planning in the early years
of the LOHCP, followed by increasing management as more ecological information becomes
available. Chapter 4 describes how biological effectiveness monitoring will be used to trigger
remedial management measures in the event that the conservation objectives described in
Chapter 2 are not maintained. Chapter 5 describes specific management projects for the
Bayview Preserve.
Strategies are clustered into four elements:
1. Research to increase knowledge of the system’s ecology to inform management
2. Exotic plant management to facilitate sensitive species and communities
3. Recreation management to enhance and maintain available habitat
4. Fire management to maintain a patch mosaic of communities and reduce the probability
of wildfire
Many management projects will likely incorporate strategies in more than one element. For
example, a prescription burn to increase community diversity by creating spatial and temporal
diversity in plant associations might also be designed to increase information about Morro
manzanita regeneration (research) and control an exotic plant infestation.
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ELEMENT 1:

INCREASE ECOLOGICAL KNOWLEDGE OF THE SYSTEM NEEDED TO INFORM
MANAGEMENT THROUGH SCIENTIFIC STUDIES

Strategy 1: Inform management through research to increase knowledge of the ecological
factors that influence the distribution, abundance, and population persistence
of the covered species.
In order to develop effective management strategies to facilitate persistence of the covered
species in perpetuity, more information is needed about important aspects of their ecology. In
addition to a series of studies, a baseline inventory of the species within the Preserve System will
be needed to design the specific elements of the adaptive management and monitoring program.
Target 1.1: Increase knowledge of the ecology of Morro shoulderband snail (MSS)
Little is known about the specific ecological factors which might influence MSS
persistence within preserved habitat. The following series of studies will be implemented
sequentially to increase knowledge of the MSS ecology needed to inform management. New
information from other sources (i.e. research projects) will also be used to inform future
studies and management (Section B.2).
Technique 1.1.1: Determine and monitor the distribution and abundance of MSS
The distribution (location) and abundance (sampled as frequency and density) of
MSS will be determined in the Preserve System using a systematic and comprehensive
survey early in the implementation of the LOHCP. Incorporated into the GIS and
analyzed using univariate statistical analyses, the survey data will be used to:
1. Facilitate avoidance of MSS populations during management, where possible
2. Inform the parameters of quantitative monitoring protocol to detect
a. spatial patterns in MSS distribution and abundance (Preserves, communities)
b. temporal patterns in MSS populations (fluctuations, dramatic declines)
Technique 1.1.2: Characterize MSS habitat through an observational study
Previous studies to characterize MSS habitat in Montaña de Oro State Park and the
Elfin Forest Preserve focused on the coastal scrub communities (Adams et al. 2000,
Reeves et al. 2000). However, subsequent research has indicated that MSS may inhabit
other plant communities, including degraded sites such as annual grassland (Walgren
2003a). To characterize the habitat of MSS and generate hypotheses for potential factors
that might limit its distribution, abundance, and population performance, multivariate
statistical analyses will be used to compare the abiotic and biotic conditions in occupied
versus unoccupied habitat. Sampling will occur in all upland communities throughout
the Preserve System. Within occupied habitat, sampling will be designed to determine
specific microhabitat conditions required for feeding, breeding, and shelter during the
winter, and for estivation during the dry season.
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Technique 1.1.3: Examine techniques for enhancing or creating MSS habitat using
experimentation
Based on results of the observational study, one or more small scale manipulative
experiments will be used to test the effectiveness of treatments hypothesized to enhance
or create habitat conditions that can facilitate MSS. Priority will be given to treatments
designed to remove unnatural barriers to MSS distribution, abundance, or population
performance, especially those hypothesized to facilitate the larger community of native
plants and animals (e.g. exotic plant removal, enhancing the natural mosaic of
successional stages within a type of community, etc.). Transplanted populations of MSS
can be used to evaluate treatment effects on MSS demography. Multiple treatments will
be examined to evaluate relative effectiveness, where appropriate (Appendix A provides
more details about designing experiments to inform management).
Target 1.2: Increase knowledge of the ecology of Morro manzanita (MM)
Previous research has provided important information about the ecology of Morro
manzanita to inform conservation, including its limited distribution (Mullany 1990) and
numerous factors that influence population regeneration (Tyler and Odion 1996, Tyler et al.
1998, Tyler et al. 2000). The following series of studies are designed to build on these
efforts, emphasizing the importance of determining the factors that will influence
successional regeneration, which has great bearing for population persistence.
Technique 1.2.1: Determine optimal stand age for regeneration
Previous research has implicated low seed availability due to insufficient time since
fire for the failure of Morro manzanita seedlings to regenerate at the rate required to
replace the population following a prescription fire in a 40 year old stand (Odion and
Tyler 2002). Based on these results, researchers recommend against burning stands of
insufficient age and thus seed availability. It is not known whether seed availability (and
thus potential regeneration) increases with age monotonically, or whether higher rates of
seed mortality and/or lower rates of seed production might reduce the capacity of stands
to regenerate after a certain, optimal age.
Research to evaluate seed availability as a function of stand age should be conducted
throughout the range of MM. The results of this work can be used to determine the
optimal stand age or range of ages at which fire and fire surrogates should be used to
facilitate regeneration.
Technique 1.2.2: Examine effects of fire and surrogates on MM regeneration
through experimentation
The factors that will influence success of prescription fire and fire surrogates (e.g.
manual clearing) on the regeneration of MM remain unclear. Described in greater detail
in the “Fire Management” Element (Technique 10.1.1), a small-scale experiment will be
conducted to evaluate the effects of fire and fire surrogates on maritime chaparral species,
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including MM seedling establishment. Within the treatments, the response of the seed
bank to fire and the effectiveness of exclosures to reduce unnatural levels of small
mammal herbivory of seedlings could be examined. Results will be used to design large
scale management projects.
Target 1.3: Increase knowledge of the ecology of splitting yarn lichen (SYL)
Most aspects of the ecology of the splitting yarn lichen are unknown. This lack of
knowledge reduces the ability of the LOHCP to facilitate population persistence within the
Preserve System. The following series of studies will be implemented sequentially, as funds
allow, providing knowledge of the ecology of the SYL needed to inform management. New
information from other sources will also be used to further inform future studies and
management (Section B.4).
Technique 1.3.1: Determine and monitor the distribution and abundance of SYL
The distribution (location) and abundance (sampled as frequency and density) of SYL
will be determined in the Preserve System using a systematic and comprehensive survey
early in the implementation of the LOHCP. Incorporated into the GIS and analyzed
using univariate statistical analyses, the survey data will be used to:
1. Facilitate avoidance of SYL populations during management, where possible
2. Inform the parameters of quantitative monitoring protocol to detect
a. spatial patterns in SYL distribution and abundance (Preserves, communities)
b. declines in SYL populations
Technique 1.3.2 Characterize SYL habitat using an observational study
There is very little information about the habitat conditions required by SYL. A
multivariate statistical analysis of the abiotic and biotic conditions in occupied versus
unoccupied habitat will be used to characterize SYL habitat and generate hypotheses for
potential factors that might limit its distribution, abundance, and population performance.
Sampling will occur in the various upland communities throughout the Preserve System
and will be designed to describe both the large scale factors (i.e. community types) and
microhabitat conditions (i.e. light availability, substrate type) that influence SYL.
Technique 1.3.3: Examine techniques for enhancing or creating SYL habitat
through experimentation
Based on results of the observational study, a single or a series of small-scale
manipulative experiments will be used to create or enhance the habitat conditions
hypothesized to be important for SYL. Priority will be given to treatments designed to
remove hypothesized unnatural barriers to SYL; especially those designed to facilitate
habitat conditions for the larger community of plants and animals (e.g. exotic plant
removal, enhancing the natural mosaic of successional stages within a type of
community, etc.). If SYL ramets take several years to establish and do not respond well
to translocation, it may not be possible to detect SYL response to experimental
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treatments, which will instead be evaluated for their effectiveness in creating desired
conditions. If this is the case, biological information about SYL will be developed using
additional observational studies and targeted, quantitative evaluation of SYL response to
full scale management implementation.
Target 1.4: Increase knowledge of the ecology of Indian Knob mountainbalm (IKM)
Though several hypotheses have been developed regarding aspects of IKM biology,
knowledge required to inform successful conservation of this exceedingly rare plant remains
insufficient (Section B.5)
Technique 1.4.1: Determine and monitor the distribution and abundance of IKM
The distribution (location) and abundance (sampled as ramet frequency and density)
of IKM will be determined in the Preserve System using a systematic and comprehensive
survey following implementation of the LOHCP. Incorporated into the GIS and analyzed
using univariate statistical analyses, where applicable, the survey data will be used to:
1. Facilitate avoidance of IKM populations during management, where desirable
2. Inform the parameters of quantitative monitoring protocol to detect
a. spatial patterns in IKM distribution and abundance (Preserves, communities)
b. temporal patterns in IKM populations (fluctuations, dramatic declines)
Technique 1.4.2: Characterize IKM habitat through an observational study
There is very little information about the habitat conditions required by IKM. A
multivariate statistical analysis of the abiotic and biotic conditions in occupied versus
unoccupied habitat will be used to characterize IKM habitat and generate hypotheses for
potential factors that might limit its distribution, abundance, and population performance.
To obtain broad understanding of its habitat requirements, sampling will occur
throughout its range. However, sampling will focus on the populations within the
Baywood fine sands in order to generate hypotheses for habitat conditions to be created
by management to enhance its populations.
Technique 1.4.3: Determine whether IKM has a viable seed bank
It is not presently known whether IKM has a viable seed bank. A study will be
conducted to examine soil sampled from areas supporting IKM for viable IKM seed. If
seed is detected, germination studies will be conducted to determine the ecological
requirements for IKM regeneration. This can be conducted in the lab (or greenhouse)
and/or in conjunction with field trials as described in Technique 1.4.4.
Technique 1.4.4: Examine the effects of fire and surrogates on IKM regeneration
through experimentation
Indian Knob mountainbalm is hypothesized to require fire to regenerate; thus, fire
exclusion may reduce populations. The factors that will influence the success of
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prescription fire and potential fire surrogates (e.g. manual clearing) on the regeneration of
IKM are unknown. Described in greater details in the “Fire management” Element
(Technique 10.1.1), a small-scale experiment will be used to evaluate the effects of fire
and fire surrogates on maritime chaparral species including MM and IKM. Within the
experiment, the establishment of IKM seedlings or new ramets (i.e. from rhizomes) will
be monitored as will the effects of fire on current aboveground individuals.
Target 1.5: Increase knowledge of the ecology of Morro Bay kangaroo rat (MBKR)
If MBKR is extant within the LOHCP Preserve System, more information about its
distribution, abundance, and habitat association will be needed to attain the goals and
objectives for the endangered mammal, and prevent negative impacts of management.
Technique 1.5.1: Determine and monitor the distribution and abundance of MBKR
The distribution (location) and density of MBKR in the Preserve System will be
determined using a systematic and comprehensive survey following implementation of
the LOHCP. Incorporated into the GIS and analyzed using univariate statistical analyses,
where applicable, the survey data will be used to:
1. Facilitate avoidance of MBKR populations during management
2. Inform the parameters of quantitative monitoring protocol to detect:
a. spatial patterns in distribution and abundance (Preserves, communities)
b. temporal patterns in populations (fluctuations, dramatic declines)
Technique 1.5.2: Characterize MBKR habitat through an observational study
A multivariate statistical analysis of the abiotic and biotic conditions in areas
occupied by versus unoccupied by MBKR will be used to characterize habitat and
generate hypotheses for potential factors that might limit its distribution, abundance, and
population performance. Nested sampling will be designed to detect macrohabitat
characteristics (e.g. soil type, vegetation) in areas where the species is found, and
microhabitat characteristics such as plant cover and composition at burrow openings.
Technique 1.5.3: Examine the effects of prescription fire to enhance MBKR habitat
through experimentation
Previous assessments of MBKR habitat conditions have indicated that the species
preferentially occurs in coastal sage scrub characterized by low plant species diversity
and likely early successional age. During a previous effort to create these conditions
using fire, MBKR was not found at the site and therefore researchers were unable to
evaluate treatment effects on the population (USFWS 1999). More research is needed to
determine whether fire enhances habitat and thus facilitates population growth.
Due to the critically small population numbers of the MBKR, any research examining
the potential for fire to enhance MBKR populations will need to be conducted in
presently unoccupied habitat. Pre-treatment surveys will be used to design the
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manipulations, which will be implemented in unoccupied, late successional habitat,
adjacent to that occupied by MBKR. The experiment will evaluate the effects of
treatments on habitat characteristics and the extent to which MBKR populations utilize
the habitat.
Strategy 2: Inform management through studies designed to increase the knowledge of the
composition and successional relationships of the ecological communities in the
LOHCP Preserve System
Greater knowledge of the species composition of communities and the factors that influence
their distributions would facilitate efforts to maintain and enhance the mosaic of natural
communities within the LOHCP Preserve System.
Target 2.1: Develop a model of the factors that influence plant species composition in
the Preserve System to inform management designed to maintain the diversity of
associations
In previous studies of the LOHCP area, four main plant communities (maritime
chaparral, coastal sage scrub, woodland, and riparian), each with multiple associations, have
been described. Hypotheses developed for potential factors controlling variation in plant
composition both between and within community types include historical disturbances (fire,
land clearing, and tillage) and soil factors (dune age and organic matter; JSA 1997).
However, the relative importance of these factors in determining plant distributions remains
poorly understood (Section B.1). As a result, it is difficult to predict changes in species
composition that will be expected through time or as a result of management projects (e.g.
prescribed fire).
Technique 2.1.1: Quantitative analysis of plant community composition
Data on plant species composition and other site conditions (soil characteristics, time
since fire/clearing) will be collected in randomly located sample sites throughout the
LOHCP Preserve System. Univariate analyses will be used to test current hypotheses for
relationships between plant species distribution and abundance, especially hypotheses
pertaining to sensitive species and exotic plants. For example, regression analysis will be
used to determine whether the density of Morro manzanita is independent or interactively
influenced by time since disturbance (fire or land clearing), soil type, and soil organic
matter content. Results can inform management designed to regenerate Morro
manzanita.
Multivariate analyses (e.g. cluster analysis) will be used to derive a quantitative plant
community classification based on associations of plant species that commonly co-occur.
Just as a phylogenetic analyses reveal the evolutionary relationships between taxa based
on the genetic similarity, cluster analyses can illustrate how associations are ‘related’
based on similarity in species compositions. Information about the time since
disturbance and soil characteristics in the sites can be used in the analyses to reveal
successional relationships between the plant associations and to differentiate these from
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edaphic (soil) or other factors influencing plant composition. Indicator species analysis
can be used to derive a short list of species that indicate (i.e. exhibit high fidelity to) each
association, allowing easy identification of associations in the field.
Technique 2.1.2 Create a map of plant associations
Following completion of the quantitative analysis of plant community composition
(Technique 2.1.2), the resulting associations will be mapped and the information included
in the LOHCP Preserve System GIS. The map would provide a baseline for monitoring
changes in the plant communities through time (succession) and as a result of
management (Section 4.8). In addition, it will be used in a study designed to evaluate
relationships of animal species to different associations as described below.
Target 2.2: Develop a predictive understanding of relationships between sensitive animal
species and plant associations that will facilitate use of plant associations as indicators of
“habitat”
Information about the distribution and abundance of patterns of sensitive animal species in
the different plant communities of the LOHCP Preserve System is needed to facilitate the use of
plant species composition as an indicator of animal composition.
Technique 2.2.1: Determine relationships between sensitive animal species and
plant associations in the LOHCP Preserve System
To identify relationships between the distribution and density of sensitive animal
species and plant associations, surveys will be conducted for each of the different animal
guilds (i.e. insects, terrestrial mollusks, amphibians and reptiles, birds, and mammals).
To detect significant relationships between the distribution and abundance of animal
species and different plant associations, animal surveys will be stratified by plant
association as well as by site (i.e. multiple replicate samples will be allocated to each
association in each site), allowing examination of their independent and interactive
influences on animal species patterns and differentiation of site patterns from true
community patterns. A report will be generated documenting the significant patterns
observed between animal species and plant associations, and include an assessment of the
‘fidelity’ animal species exhibit with respect to associations (i.e. habitat generalists vs.
specialists).
Technique 2.2.2: Map locations of sensitive animal species
The locations of unique or sensitive animal species identified through surveys to
determine relationships between animal species and plant associations will be integrated
into the LOHCP GIS, where it can be used to inform management and monitoring
projects as well as provide a baseline for monitoring to detect changes through time and
following management.
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ELEMENT 2: REDUCE THE NEGATIVE IMPACTS OF EXOTIC SPECIES ON POPULATIONS OF
SENSITIVE SPECIES AND THE STRUCTURE AND SPECIES COMPOSITION OF THE NATIVE
COMMUNITIES.

Exotic plant species have been implicated as one of the greatest stresses to the Baywood fine
sand communities. Exotic plants compete with native plants and can render habitat conditions
unsuitable for native plants and animals. Reducing the distribution and abundance of exotic
plants and the likelihood of their future invasions will enhance persistence of covered species
and native community structure and composition.
Exotic animals have similarly been implicated in reducing populations of sensitive animal
species; however, little is known about their distributions or impacts within the LOHCP
Preserves.
Strategy 3: Develop a coordinated exotic plant management program
A comprehensive program of exotic plant management will be needed to reduce current
negative impacts of exotic species and confront the continuing threat that they will present
during management of the LOHCP Preserve System in perpetuity.
Target 3.1: Create an exotic plant management plan
Based on the findings of an initial inventory of exotic plant species within and adjacent to
the Preserves System (Section C.1), an exotic plant management plan will be developed and
will include:
1. Baseline data documenting the current distribution and abundance of each species
2. Strategies, targets, and techniques for exotic plant management within the Preserve
System
3. A coordinated program for exotic plant management with the Preserve System,
including:
a. A prioritized list of exotic plant control and eradication projects
b. Timelines and budgets for project implementation
c. A detailed program for exotic plant prevention
d. An estimation of the biological consequences of insufficient funding of exotic
plant management.
Technique 3.1.1: Conduct an exotic plant site assessment of the Preserve System
Exotic plant management planning will be based on a detailed and thorough
assessment of the ecology, distribution, and abundance of exotic plant species, and their
location within and adjacent to the LOHCP Preserve System with respect to populations
of sensitive species and the native plant communities.
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Technique 3.1.2: Create and prioritize a list of exotic plant management projects
Based on the assessment, a list of prioritized exotic plant management projects and
schedule for their implementation will be created.
Target 3.2: Maintain a current exotic plant management plan
To remain an effective tool for managers, the LOHCP Exotic Plant Management Plan
must provide up to date strategies and techniques designed to attain the conservation goals
and objectives.
Technique 3.2.1: Update the plan based on new information
All exotic plant management projects will be implemented using adaptive
management procedures that will allow effectiveness to be assessed and knowledge about
the system to be developed. Results of early projects as well as other new information
will be integrated into periodic revisions of the exotic plant management plan.
Strategy 4: Eradicate exotic plant species that are narrowly distributed and occur at low
levels of abundance
Several species of exotic plants species occur with a limited distribution and low abundance
within the LOHCP Preserve System (Section C.3). These include ornamental plants, exotic
trees, and grasses of the genus Cortaderia. Due to their current or potential future impacts, these
species will be eradicated before they can become more widespread, abundant, and impacting.
Target 4.1: Eradicate ornamental plants
A variety of ornamental plant species have been deliberately introduced into the
Preserves. These include ornamental pines and agaves planted along the northern border of
the Bayview Unit of the Morro Dunes Ecological Reserve adjacent to Highland Drive. To
prevent genetic contamination from cross fertilization with native species, and their future
spread and proliferation, ornamental plants will be eradicated from the Preserve System.
Technique 4.1.1: Remove established ornamental plants
Ornamental plants will be removed using cutting, pulling, or other physical methods
appropriate for the species or patch of concern.
Technique 4.1.2: Maintain the LOHCP Preserve System free of ornamental species
Any newly planted or ‘volunteer’ ornamental plant species will be removed. Annual
monitoring will be used to detect establishment of new ornamental species, and will focus
on areas adjacent to developments.
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Technique 4.1.3: Conduct outreach to deter additional planting
If ornamental species are continually planted into the Preserves, outreach will be used
to inform adjacent landowners about LOHCP Preserve System exotic plant management
plan, and the role of the Preserves in maintaining native biodiversity.
Target 4.2: Eradicate exotic trees
Exotic trees greatly impact the native communities presently, and have the potential to
increase their negative impacts as a result of fire or other changed conditions (Section C.3).
Most species are fairly narrowly distributed within the Preserve System, where they occur at
low abundance, rendering eradication feasible. These species, including Eucalyptus spp.,
Pinus radiata, and Cupressus macrocarpa are all adapted to fire and would likely be
facilitated by prescription burns or wildfire. In similar areas within the region, such as
Montaña de Oro State Park, Eucalyptus spp. spread even in the absence of disturbance (Tyler
et al. 1996). Removing these species will increase habitat available to native species as well
as avoid future costs associated with their control if they were allowed to proliferate.
Technique 4.2.1: Remove all exotic tree species from the LOHCP Preserve System
Species-specific techniques will be used to remove and prevent re-establishment of
all exotic tree species within the LOHCP Preserve System.
Technique 4.2.2: Maintain the LOHCP Preserve System free of exotic trees
Adapted to disturbance, the exotic trees species in the LOHCP Preserves have a
variety of successful mechanisms for regeneration, including stump sprouting and
establishing dense seedling stands. Appropriate techniques will be applied to ensure that
these species do not re-establish (Sections C.2, C.3).
Target 4.3: Eradicate jubata grass and pampas grass
The large bunch grasses of the genus Cortaderia have strong competitive effects on
native species and the potential to dominate sandy soils, especially following disturbance
(e.g. fire). Presently, they occur in relatively low abundance and in a limited distribution,
rendering their eradication both feasible and cost effective, when compared to large scale
control efforts that will be required if they spread (Section C.3).
Technique 4.3.1: Remove all Cortaderia plants from the LOHCP Preserve System
Species-specific techniques will be used to remove and prevent re-establishment of
pampas grass and jubata grass within the LOHCP Preserve.
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Technique 4.3.2: Maintain the LOHCP Preserve System free of jubata and pampas
grass
Resprouts and seedling that regenerate following initial removal efforts will be
removed using appropriate techniques.
Target 4.4: Establish a natural native plant assemblage with cover and diversity that is
at least 75% of that which occurs in the intact community adjacent to the
eradication sites.
One of the main goals of exotic plant removal is to increase the area of habitat available
for native species. Ensuring that native plant species become established with the cover and
species composition approximating intact communities can also reduce the likelihood that
treatment areas will be re-invaded by exotic plants. Native plant species might naturally
recolonize following invasion. Several factors including the size of the area, the posteradication habitat conditions, and the availability of native plant propagules (e.g. seeds)
might influence the extent of natural recruitment. Post-eradication management will use a
tiered approach to restoring native plant community structure to treatment areas, as outlined
in the following three techniques.
Technique 4.4.1: Remove all potential deterrents to native plant recolonization
The following potential inhibitors of native plant recolonization will be removed as
part of, or immediately following, eradication treatments:
1. Litter and woody debris (leaves, limbs, bark, etc.)
2. Exotic plant species that colonize the site following treatment
Litter or other woody debris may be used to inhibit invasive grasses, provided their
impacts on native plants and animals are minimal and their application limited.
Technique 4.4.2: Implement Facilitative Restoration Measures (Tier 1 Intervention)
If deterrent removal/reduction does not result in substantial increase toward the target,
subsequent management will be used to remove additional hypothesized barrier(s) to
native plant recolonization of eradication sites including:
a. Controlling erosion
b. Adding soil (where topsoil has been removed) or amending soil (i.e. altering soil
pH, adding mycorhizal inoculum via soil from adjacent intact habitat, etc.)
c. Reducing unnatural levels of small mammal herbivory on native seedlings using
individual plant exclosures devices (i.e. small cages which prevent herbivory but
not pollination)
Technique 4.4.3: Implement Active Revegetation (Tier 2 Intervention)
If Tier 1 interventions do not result in substantial progress toward the target, and if
plant establishment is hypothesized to be a limiting factor, the following active
revegetation measures could be implemented using a stepped up approach:
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1. Sow seed collected from plants in the adjacent intact habitat
2. Outplant seedlings/saplings of native plant species propagated from genetic
material obtained from plants in adjacent intact habitat
Strategy 5: Control populations of aggressive exotic plants that cannot be eradicated
Many exotic plant species that have strong negative impacts on the sensitive species and
communities cannot likely be eradicated because they are excessively widespread and/or
abundant within the Preserves or in adjacent areas from which they will continually reinvade.
These species will be subject to control efforts, designed to prevent their spread and reduce their
impacts (Section C.3).
Target 5.1: Control populations of veldt grass
Veldt grass (Ehrharta calycina) is an exotic perennial grass that competes with native
plant species and can facilitate conversion of shrublands, such as maritime chaparral and
coastal sage scrub, to exotic grasslands. Though widely distributed among Preserves, veldt
grass is only patchily abundant, with many areas having low cover of the species. Though
eradication is not possible, control will be important to attaining the biological goals of the
LOHCP. Of particular importance will be containing the spread of veldt grass.
Technique 5.1.1: Contain the spread of veldt grass
Species-specific control techniques will be used to prevent veldt grass from
expanding into uninvaded areas identified during the initial exotic plant inventory
(Technique 3.1.1). Current research indicates that communities will be most susceptible
to invasion following disturbance, including fire or soil disturbances (i.e. road building,
trails), necessitating heightened vigilance and prevention measures at these times.
Technique 5.1.2: Remove small, isolated patches of veldt grass
Veldt grass occurs at low abundance in a few microhabitats where perhaps conditions
are not generally suitable, including trails through closed canopy communities (maritime
chaparral, live oak woodland). Fire, soil disturbances, or other changed conditions have
the potential to promote dramatic increases in veldt grass density which could then have
negative consequences for native species and alter community structure (Section C.3).
Small patches of veldt grass should be removed while doing so remains feasible.
Technique 5.1.3: Reduce abundance of veldt grass in dense infestations (>50%
relative cover)
Treatments hypothesized to affect a sustained, biologically significant reduction in
the abundance of veldt grass and therefore increasing the cover and diversity of native
plant species will be tested using a small-scale experiment in a variety of highly invaded
habitats. Effects will be used to inform larger scale implementation of treatments using
adaptive management.
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Target 5.2: Control populations of iceplant species
Iceplant species including round leafed iceplant (Conicosia pugioniformis) and fig
marigold (Carpobrotus edulis), as well as all other exotic species in the Aizoaceae Family,
compete with native species for space and resources, and can alter soil conditions. Widely
distributed among Preserves, iceplant species are patchily abundant, with many areas
featuring only very low cover of the species (Section C.3). Though it may not be possible to
eradicate these species from the Preserve System, they may be eradicated from certain
Preserves. Additional control efforts will likely reduce their negative impacts on species and
communities, especially rare plants that inhabit gaps between shrubs.
Technique 5.2.1: Contain the spread of iceplants
Species-specific control techniques will be used to prevent iceplant from expanding
into uninvaded areas identified during the initial exotic plant inventory (Technique 3.1.1).
Current research indicates that communities will be most susceptible to invasion
following disturbance, including fire or soil disturbances (i.e. road building, trails).
Prevention methods will be increased at these times.
Technique 5.2.2: Remove small, isolated patches of iceplant species
Iceplant will be removed from areas where it occurs at low abundance, as in potential
microhabitats where perhaps conditions are not generally suitable (e.g. along trails in
closed canopy communities). Fire, soil disturbances, or other changed conditions have
the potential to promote dramatic increases in iceplant density which could then have
negative consequences for native species and alter community structure. Small patches
of iceplant should be removed while doing so remains feasible.
Technique 5.2.3: Reduce abundance of iceplant species in dense infestations
Treatments hypothesized to affect a sustained, biologically significant reduction in
the abundance of iceplant and therefore increasing the cover and diversity of native plant
species will be tested through a small scale experiment, the results of which will be used
to inform larger scale implementation of treatments using adaptive management.
Target 5.3: Control populations of other exotic plant species as needed to reduce
negative impacts to sensitive species and communities
The LOHCP Preserve contains several other exotic species which are likely to negatively
impact native populations and communities or have the strong potential to do so in the future
(Section C.3). As a result of new information provided by the Preserve assessment and
changes in conditions, active control of other exotic plant species may become necessary.
Specific techniques for such efforts will depend on aspects of the species and habitat, among
other factors, but will likely include efforts to:
1. Contain their spread
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2. Remove small or isolated patches
3. Reduce their cover in dense infestations and therefore their impacts on native species
Strategy 6: Prevent the invasion of exotic plant species not currently in the Preserves
The LOCHP Preserve System will inevitably be subject to further invasion, as aggressive
exotic plants continue to invade California and perhaps conditions within the habitat change
(Section C.1). Given the strong negative impacts of exotic plants on species and communities
and the large effort necessary for their control, new exotic species invasions should be prevented.
Target 6.1: Develop and implement an exotic plant invasion prevention plan
A comprehensive plan to prevent new invasions will be developed and implemented. The
plan should include provisions for the following objectives:
a. Reduce exotic plants adjacent to the Preserves
b. Limit introduction of foreign material into Preserves
c. Conduct education and outreach
d. Establish methods for early detection
e. Plan for early eradication
The Exotic Plant Prevention Plan will outline specific techniques for this target, which may
include the following.
Technique 6.1.1: Create and implement an early detection program
Early detection can be crucial to efforts to prevent future exotic plant invasions. The
annual program will include:
1. A through survey of Preserves to determine whether new exotic plant species
have become established or are nearby where they pose a threat
2. Identification of new species that are likely to invade the area, based on published
literature, internet updates from the California Invasive Pest Plant Council, and
conference proceedings
3. Coordination with regional land managers and weed specialists (e.g. agricultural
extension scientists) to identify potential new invaders
Technique 6.1.2: Eradicate newly established exotic plant species
Removing exotic plant species before they have a chance to reproduce is an important
step in preventing new invasions. This can be especially important for exotic plants
which establish seedbanks (populations of seed that persist in the soil even after
aboveground plants have been eradicated). The Exotic Plant Prevention Program should
include mechanisms for eradicating newly established species during the year they
invade. An ‘emergency eradication fund’ should be established to insure that funds are
readily available to eradicate exotic plants before they spread.
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Strategy 7: Reduce impacts of non-native animals on sensitive species and communities in
the Preserves
Target 7.1: Identify animal species impacting sensitive species and communities
Exotic animals may be impacting sensitive species within the LOHCP Preserves. For
example, the brown snail (Helix hespera) is hypothesized to compete with the Morro
shoulderband snail (Section B.2), while domestic cats (Felis silvestris) and European red
foxes (Vulpes vulpes) may predate upon native mammals including the Morro Bay kangaroo
rat. Due to the presence of exotic trees (e.g. Eucalyptus spp. and Pinus radiata) and utility
poles which provide an unnaturally high density of raptor perches within and adjacent to the
Preserves, even native birds such as red tailed hawks (Buteo jamaicensis) may be having
unnatural impacts on small mammals and the herpetofauna of the Baywood fine sands
communities.
Technique 7.1.1: Conduct research to determine impacts of non-native animals
Research should be used to identify non-native animal species which are negatively
impacting the sensitive species and communities of the Baywood fine sands. This
research should include removal studies, in which non-native species hypothesized to
have negative effects are removed from treatment areas and the performance of native
species that they are hypothesized to impact are compared to control areas, where the
non-native species are left intact. Observation studies comparing sensitive species
abundance in areas with and without non-native animals can lead to hypotheses about the
impacts of non-native animals, which can be tested through experimental management
designed to remove them from the Preserves.
Target 7.2: Reduce the impacts of non-native animals within the Preserves
Non-native animal species known or hypothesized to negatively impact the sensitive
species and communities of the Baywood fine sandhills will be eradicated or controlled
within Preserves.
Technique 7.2.2: Remove non-native animals and their attractants
A variety of techniques should be used to remove non-native animals known or
hypothesized to negatively impact sensitive species and communities from the Preserves.
Exotic snails can be removed by hand. Feral and domestic cats can be live trapped and
removed from Preserves. Prior outreach should be used to alert neighbors of trapping.
Unnatural raptor perches including exotic trees should be removed, where feasible. In
cases where impacts of the non-native species are hypothesized, experimental
management approaches should be used to examine the effectiveness of the proposed
techniques (Appendix A).
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ELEMENT 3: REDUCE THE NEGATIVE IMPACTS OF RECREATION ON THE SENSITIVE SPECIES
POPLATIONS AND THE STRUCTURE AND SPECIES COMPOSITION OF NATIVE COMMUNITIES

Recreation in the Baywood fine sand communities has historically caused frequent, severe
disturbance that reduced plants and animal populations directly, and degraded habitat by causing
erosion and facilitating the invasion and spread of aggressive exotic plant species, including
veldt grass and species of iceplant (Section D.1). Effective recreation management will be
important to attaining the goals and objectives of the LOHCP (Chapter 2)
Strategy 8: Develop and maintain a coordinated recreation management program
A comprehensive program for managing recreation can be used to minimize its degradation
and enhance native populations and communities in the LOHCP Preserve System.
Target 8.1: Develop a Recreation Management Plan for the LOHCP Preserve System
Recreation management in the LOCHP Preserve System will follow a carefully
developed adaptive management plan that emphasizes the role of the Preserves in conserving
the biological communities and sensitive species, while providing some access designed to
reduce negative impacts associated with illegal trespass and inappropriate uses. Sufficient
effort should be invested up front in the development of the recreation plan, as changing
recreation policies following implementation can be difficult.
Technique 8.1.1: Conduct site assessments
Plans for recreation management should be based on an initial comprehensive survey
of the Preserve System to determine the following:
1. Distribution and abundance of sensitive species and communities (see Element 1)
2. Location and condition of current trails and other areas disturbed by recreation
This information should be examined using GIS to identify existing trails or design new
trails that will facilitate the goals of the recreation management plan (Section D.2).
Technique 8.1.2: Coordinate with landowners, organizations, and the public
Development of the Preserve System recreation management plan should be
coordinated with landowners and managers of properties adjacent to the Preserve System
(e.g. State Parks) to facilitate regional recreation objectives (i.e. interconnected trails,
etc.). Inviting input of user groups, conservation groups, and the general public during
preparation of the plan can increase compliance and support for the conservation goals of
the LOHCP Preserve System.
Target 8.2: Maintain a current recreation management plan
During management of the LOHCP Preserve System in perpetuity, the characteristics of
recreational use which determine its impacts will likely change, as a result of the increasing
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human population and various trends in recreation. An up to date recreation management
plan will be important tool for attaining the conservation goals and objectives of the LOHCP.
Technique 8.2.1: Update the Recreation Management Plan based on new
information and changed conditions
Recreation management will be implemented using adaptive management procedures
that will allow effectiveness to be assessed and knowledge about the system to be
developed. Results of early projects will be integrated into periodic revisions of the
Restoration Management Plan.
Target 8.3: Establish a volunteer group to assist implementation of the recreation
management program within the Preserves
A volunteer group should be established to facilitate the goals of recreation management
via the following tasks:
• Conduct outreach to the public through presentations to user groups (e.g. trail riding
groups) to enhance compliance with trail use provisions
• Conduct trail patrols to conduct outreach and evaluate the use and status of trails
• Facilitate trail maintenance by coordinating volunteer trail work days
Strategy 9: Increase the area of contiguous suitable habitat available to native species
within the LOHCP Preserve System
Previous recreational use has created a network of trails and other disturbed areas that have
removed and fragmented available habitat for most sensitive species. Reducing and repairing
these effects will be an important strategy for attaining the conservation goals and objectives of
the LOHCP Preserve System.
Target 9.1: Establish a natural assemblage of native plants with cover and diversity
that is at least 75% of that which occurs in the intact community adjacent to the trails.
Closing trails and restoring the denuded strips of habitat found throughout the LOHCP
Preserve System will facilitate many of the goals and objectives of the LOHCP Preserve
System. Applied successively, the following three techniques provide a tiered approach to
attaining this target.
Technique 9.1.1: Remove ongoing disturbance caused by recreation
Remove or at least greatly reduce disturbance caused by recreation on all trails not
designated for ongoing recreation, using a stepped up approach to facilitate compliance
with trail closure:
1. Post interpretive signs that provide the public with the rationale for trail closure,
the location of trails designated for ongoing use, and the types of use allowed
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2. Create small impediments at the entrances to closed trails (e.g. fencing that will
not obstruct wildlife movement)
3. Conduct targeted outreach through presentations to user groups, on-the-ground
interactions with users, etc.
4. Erect more permanent barriers
5. Enlist the help of law enforcement officials
Technique 9.1.2: Implement Facilitative Restoration Measures (Tier 1 intervention)
If removing/reducing disturbance caused by recreation does not result in substantial
increase toward the target, address likely barrier(s) to native plant recolonization of trails
including:
1. Control erosion caused by water, wind, and/or gravity
2. Add soil (where topsoil has been removed) or amend soil (i.e. scarify, alter soil
pH, add mycorhizal inoculum via soil from adjacent intact habitat, etc.)
3. Reduce competition from exotic species
4. Reduce unnatural levels of small mammal herbivory on native seedlings using
individual plant exclosures devices (i.e. cages that prevent herbivory but not
pollination)
Technique 9.1.3: Implement Active Revegetation (Tier 2 intervention)
If Tier 1 interventions do not result in substantial progress toward the target, and if
plant establishment is hypothesized to be a limiting factor, the following measures should
be implemented to actively revegetate areas using a stepped up approach:
1. Sow seed collected from plants adjacent into the trail corridor
2. Outplant seedlings/saplings of native plant species propagated from genetic
material obtained from individuals adjacent to the trail corridor
Target 9.2: Maintain appropriate trail conditions in areas of ongoing recreational use
Due to the loose and erosive nature of the Baywood fine soils and the potential for
relatively high frequency of trail use, regular trail maintenance will be required to maintain
trail usability. Designed to minimize negative impacts to sensitive species and communities,
the following trail conditions will be maintained:
1. Trail width no greater than 2m along the length of the trail
2. Trail depth due to incision no greater than 50 cm
3. No invasive exotic plant species present on the trail or within 10m of the trail
corridor that are not found within the adjacent, interior habitat
Technique 9.2.1: Regulate trail use
To maintain the desired conditions of the habitat without spending a large proportion
of the LOHCP habitat mitigation funds on trail maintenance, it will likely be necessary to
narrowly restrict the types of trail use. Trail use provisions should be developed as part
of the Recreation Management Plan. They may be Preserve-specific, and developed in
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consideration of landowner recreation policies, populations of sensitive species and
communities, habitat conditions that influence recreation impacts, and other factors that
vary between Preserves. However, maximum allowable disturbance standards will be set
for each Preserve within the LOHCP Preserve System, in accordance of the purpose of
the Preserves to provide habitat for endangered species. These include no use by
motorized vehicles or bicycles.
Technique 9.2.2: Monitor trail use and conditions
All recreation regulations will be subject to modification pending results of
monitoring studies documenting the effects of recreational use on sensitive species and
communities. Conducted at the end of the rainy season when erosion and exotic plant
establishment are visible, annual recreation monitoring will be used to detect deviations
form target trail conditions, inform trail maintenance projects, and modify recreation
policies, as needed, using an adaptive management feedback loop.
Technique 9.2.3: Conduct Trail Maintenance
If deviations from the target trail conditions are detected, a tiered approach to
maintenance will be used to address the specific problems. For example:
1. Excessive trail width: install post-and-cable fences to delineate the maximum
width and restrict traffic to the central corridor
2. Excessive trail depth: re-contour trail to channel water off of trails
3. Exotic plants: eradicate all exotic plant species not found in the adjacent habitat
Technique 9.2.4: Modify provisions of the recreation use policies
Alterations to recreation use policies should be designed to ameliorate the specific
negative impact(s) detected (i.e. unlawful use types, excessively frequent use, excessively
severe disturbance, etc.). Potential modifications to be implemented using a stepped up
approach will include:
1. Restrict the type of use
2. Restrict the seasonality of trail use
3. Redesign elements of the trail (install substrate, permanent fencing, etc.)
4. Relocate the trail
5. Close one or more trails
6. Close the Preserve to recreation
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ELEMENT 4:

ENHANCE SENSITIVE SPECIES POPULATIONS AND THE STRUCTURE AND SPECIES
COMPOSITION OF NATIVE COMMUNITIES AND REDUCE THE PROBABILITY OF CATASTROPHIC
WILDFIRE THROUGH FIRE MANAGEMENT

Fire is a natural component of the biological communities of the LOHCP Preserve System.
Several sensitive species likely require fire or post-fire habitat conditions to persist, and fires can
promote community and species diversity. Despite these and other potential benefits, fire may
negatively impact sensitive species populations directly, by causing mortality, and indirectly, by
promoting the invasion and spread of exotic plants which compete with native species and
degrade habitat (Section E.1). In addition, prescribed fires have the potential to escape, and thus
threaten public safety. At the same time, wildfires (uncontrolled fires in wildland areas) present
a threat to both natural and human communities in and around the Preserves. As a result, fire
management will be an important component of the LOHCP Preserve System.
Strategy 10: Develop and maintain a current wildfire management plan for the LOHCP
Preserve System
Though fire is a natural component of the disturbance regime in the communities of the
LOHCP Preserve System, human-induced wildfires could reduce populations of sensitive species
and degrade habitat by a variety of mechanisms (Section E.1). With so little Baywood fine sand
communities remaining, a widespread wildfire could have disastrous consequences, especially
for endangered species persistence. Due to their close proximity to human habitation, the
LOHCP Preserves can be subject to a variety of human-caused ignition sources including
cigarettes, motorcycles, power mowers, power lines, fireworks, and arson. Management will
need to reduce the threat of wildfire in the LOHCP Preserve System.
Target 10.1: Create a Wildfire Management Plan
Wildfire Management Plans outline methods to prevent and suppress fire, as well as
rehabilitate habitat following fire. Based on habitat and Preserve specific information,
wildfire management plans will be developed for each Preserve of the LOHCP.
Technique 10.1.1: Conduct site assessments
As with the other management elements outlined in this document, Wildfire
Management Plans should be developed following a comprehensive survey to document
several factors including:
1. The distribution and fuel conditions within the various plant communities
2. Locations at risk of human-caused ignition
3. Locations of access routes and water sources (e.g. fire hydrants)
Using fire behavior models, the above information can be combined with site topography
data to develop wildfire scenarios. In consideration of the distribution and abundance of
sensitive species populations and other sensitive resources, a response plan will
developed to outline the steps that will be taken in the event of fire, with different
responses initiated depending on the fire management unit(s) in which the fire is burning.
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Technique10.1.2: Coordinate with the Preserve landowners and fire management
agencies
The Wildfire Management Plans should be developed in coordination with the
Preserve landowner and the fire prevention agencies with jurisdiction in the area. These
include local fire departments and the California Department of Forestry and Fire
Protection (CDF). Fire ecologists within the California Department of Parks and
Recreation might be an additional resource in wildfire management planning.
Coordination with CDF should include discussions about potential collaborations to
reduce wildfire risk in the LOHCP Preserve via the CDF Vegetation Management
Program.
Target 10.2: Maintain an up to date Wildfire Management Plan
During management of the LOHCP Preserve System in perpetuity, conditions within the
Preserve and adjacent areas will change in ways that will influence fire prevention and
suppression methods. An up to date Wildfire Management Plan will be an important tool for
attaining the conservation goals and objectives of the Preserve System.
Technique10.2.1: Update the wildfire management plan based on new information
Wildfire Management Plants will be updated to incorporate changes in the conditions
of LOHCP Preserves (e.g. fuels, sensitive species populations) and the adjacent areas (i.e.
proximity of developments and ignition sources, new fire stations) which can alter the
strategies for preventing out combating wildfire.

Strategy 11: Reduce the risk of wildfire within the LOHCP Preserves
Wildfire prevention measures will be implemented per the Wildfire Management Plans.
While specific targets and techniques will be identified following site specific assessments,
the following targets and techniques will likely facilitate the biological goals and objectives
for the LOHCP.
Target 11.1: Reduce the risk of ignition within and adjacent to LOHCP Preserves
Lightening, the natural source of fire ignition, is rare within the Morro Bay Region
(Section E.1). Wildfires within the LOHCP Preserve System are more likely to result
human-caused ignition within or adjacent to the Preserves.
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Technique 11.1.1: Conduct outreach to educate adjacent landowners and recreators
about wildfire prevention
Signs and outreach materials (e.g. brochures) will be used to educate the public
about ignition risks associated within and adjacent to the Preserves, including cigarettes,
mechanical equipment (e.g. lawnmowers), cars, woodstoves, barbeques, and fireworks,
among others.
Technique 11.1.2 Restrict ignition sources within the LOHCP Preserves
To reduce likelihood of wildfire, known ignition sources will be prevented within the
LOHCP Preserves. Smoking, campfires, fireworks, and recreational vehicles will be
prohibited within LOHCP Preserves. Signs will be posted to inform the public of these
policies and the risk associated with open flames. Vehicle and mechanical equipment use
within the Preserves as part of lawful activities (i.e. management, maintenance, and
monitoring) should be limited to periods of at least moderate humidity (>30%),
preferably during the wet season (November-March). Careful observations will be used
to avoid the potential for ignition of fine fuels (e.g. dried grasses).
Target 11.2: Reduce unnatural types and levels of flammable fuel within the LOHCP
Preserve System
Technique 11.2.1: Remove non-native trees
Non-native trees including Eucalyptus spp., Pinus radiata, and Cupressus
macrocarpa near ignition sources (developments, trails) within Preserves provide highly
flammable fuel, and can promote fire spread by increasing the distance across which
embers travel. Their removal from Preserves will also support the exotic plant
management strategy (Technique 4.2.1).
Technique 11.2.2: Conduct outreach to encourage the reduction of flammable fuels
within developed areas adjacent to Preserves
As part of a larger outreach campaign designed to reduce the likelihood of wildfire,
home and business owners in parcels adjacent to Preserves will be appraised of the risk of
wildfire and encouraged to create shaded fuel breaks comprised of low flammability
vegetation around their structures. In addition to reducing the risk that a structure fire
would thereby spread to the Preserves, these measures can increase the landowner’s
defensible space and thus risk of wildfire spread to their property from the Preserve.
Technique 11.2.3: Reduce flammable fuels within Preserves at the development
interface
Many characteristics of the plant community structure (i.e. ‘vegetation’) can influence
risk of fire by influencing fuel availability and aspects of fire behavior. Naturally, some
successional stages (seres) of communities are less likely to burn, such as early
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successional coastal sage scrub which is characterized by mostly sparse cover of
herbaceous plants (‘fine fuels’), minimal woody plant cover, and minimal dead plant
cover. Other areas, such as late successional maritime chaparral, are more flammable due
to their high concentrations of woody and dead plant cover.
The risk of wildfire can be reduced by managing the structure and composition of
plant communities in critical fire areas, such as where ignition probability is higher,
sensitive species populations are located, and/or development is nearby. In terms of the
biological goals of the LOHCP (Chapter 2), high risk areas could be assigned to early
successional or otherwise less flammable communities, while the more flammable
communities that comprise the mosaic can persist in locations less prone to ignition or
with adequate distance from structures.
Conducting vegetation management to reduce the risk of wildfire within the Preserves
is not the same as creating buffers around the Preserve perimeters to reduce the risk that a
fire will spread to adjacent property—an approach that is controversial among land
managers and conservation organizations and is not required by local or state laws.
However, the end result can be the same: reduce the flammability of vegetation near
structures.
Strategy 12: Use fire and fire surrogates to enhance populations of sensitive species and
the diversity of native communities
Populations of multiple sensitive species and the diversity of native species and communities
will likely be enhanced through prescription fire or management techniques that successfully
simulate its beneficial effects (‘fire surrogates’).
Target 12.1: Determine effective fire management treatments
Several factors will likely influence the direct and indirect effects of prescription burns
on the components of the system (Appendix E.1-2). These must be understood in order to
increase the likelihood of attaining the conservation goals using these management
treatments, and to minimize the potential negative impacts associated with their use.
Technique 12.1.1: Experimental research to examine fire and fire surrogates
The effects of prescription burning and fire surrogates will be evaluated using one or
more small-scale manipulative experiments prior to large scale management. Ideally,
experiments will evaluate several factors hypothesized to influence treatment
effectiveness, including the community type, the age of the stand (esp. for Morro
Manzanita chaparral), the presence of exotic plant species, and herbivory, as well as the
treatment. The treated areas will be large enough to be relevant to management at large
spatial scales, yet small enough to allow replication and reduce negative impacts if the
treatments prove deleterious.
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The effects of fire and surrogates will be evaluated for several system components,
including:
1. Morro manzanita seedling regeneration (seedling establishment and survival)
2. Indian Knob mountainbalm seedling regeneration
3. Morro Bay kangaroo rat colonization and demography
4. Morro shoulderband snail (re)colonization and density
5. Morro blue butterfly presence or density
6. native species cover and diversity (plants only, if necessary)
7. exotic plant cover and diversity
The experiment will be monitored for a sufficient period to draw conclusions about
these various responses of the system. Though determining effects on Morro manzanita
seedling regeneration will require only a few years (<5), examining impacts on Morro
shoulderband snail population growth may require more than a decade.
Target 12.2: Increase populations of sensitive species and the diversity of native plants
using fire management
Experimental research results will be used to design and implement fire management
projects (i.e. prescription burning and/or surrogates). As with all management projects, fire
management will be conducted using an adaptive management approach to determine
whether experimental treatments effectively ‘scale up’ when applied at the larger,
management scale, and whether desired results are achieved and sustained as set forth in the
project goals and objectives (Appendix A).
Technique 12.2.1: Conduct small management burns to facilitate various
conservation goals and objectives (see above and Appendix E)
Several small prescription fires, rather than a single large burn, will accomplish
several management objectives including:
1. Create habitat heterogeneity to enhance diversity of conditions
2. Target patches with desired community conditions (e.g. communities, stands of a
specific age or successional sere, exotic plants infestations, etc.)
3. Facilitate avoidance of sensitive species (e.g. Morro Bay kangaroo rat, Morro
shoulderband snail, splitting yarn lichen, etc.)
4. Reduce likelihood of exotic plant invasion, as burns can be conducted away from
current infestations, reducing likelihood of invasion
5. Increase likelihood and perhaps rate of recolonization by sensitive species, due to
proximity of populations in adjacent unburned habitat
6. Distribute the conservation benefit among multiple sites/communities
7. Dilute potential negative impacts, should treatment prove deleterious
8. Increase the opportunity to ‘learn from doing’ by providing replication (increases
ability to infer treatment effects) and ability to burn sites of varying conditions to
compare effects
9. Facilitate containment of burn within the prescription area; enhance safety
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Disadvantages of small burns include:
1. Reduce/prevent of desired biological results due to artifacts of a small burn (e.g.
failure to achieve burn intensity, temperature, duration)
2. Reduce/prevent desired biological results due to negative edge effects associated
with the proximity of untreated habitat (i.e. unnatural herbivory by small
mammals, shading.)
3. Increase implementation costs, due to greater work required to prepare multiple
sites (e.g. create greater perimeter fuel breaks), ignite burns, and move crews.
Some of these potential negative aspects of small burns can be minimized, for
example by using exclosures to reduce excessive herbivory by small mammals. Unless
small burns do not achieve the conservation goals, they will be used rather than large
burns.
Technique 12.2.2: Implement Facilitative Restoration Measures (Tier 1
intervention)
Additional restoration measures can be implemented if prescribed fire or fire
surrogates fail to achieve the desired objectives, which will vary depending on the
particular Preserve, community, treatment area, and goals of the management project, but
could include (for example) sufficient Morro manzanita and/or Indian Knob
mountainbalm seedling establishment, native plant diversity and/or cover, and reduction
of exotic plants. Depending on the target, the facilitative restoration measures will also
vary. They should not include active planting, but instead, efforts to remove abiotic and
biotic barriers to success.
Technique12.2.3: Implement Translocations (Tier 2 intervention)
If Tier 1 interventions do not result in substantial progress toward the targets, and if
dispersal is hypothesized to be a limiting factor, translocations could be used to establish
plant and animals species in the treatment areas. Translocations should follow very
restrictive, careful protocols that reduce potential for negative impacts including:
1. Reduction in likelihood of source population persistence
2. Genetic contamination of target population
3. Inadvertent translocation of pests or pathogens that can infect target populations
Plant translocations should use a tiered approach beginning with seeding followed by
planting seedlings/saplings grown ex situ (e.g. greenhouse, nursery).
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Table 3-1: Conservation objectives to be facilitated by the eleven management strategies. “●” indicates
a goal likely to be strongly facilitated by the strategy. “◘" indicates a goal that may benefit from the strategy.
(Details provided in text.)
Conservation Goal
Management
Element
Strategy
1: MSS
2: MM
3: SYL
4: IKM
5: MBKR 6: Communities
research
1: covered species
●
●
●
●
●
2: communities
◘
◘
◘
◘
◘
●
exotic species 3: plant planning
◘
◘
◘
◘
◘
◘
4: plant eradication
◘
●
◘
◘
◘
●
5: plant control
●
●
◘
◘
●
●
6: plant prevention
●
●
●
●
●
●
7. exotic animals
●
◘
◘
◘
●
◘
recreation
8: planning
◘
◘
◘
◘
◘
◘
9: management
●
●
●
●
●
●
fire
10: wildfire planning
◘
◘
◘
◘
◘
◘
11: wildfire risk abatement
●
●
●
●
●
●
12: prescription fire
◘
●
◘
●
●
●

Table 3-2: Management strategy implementation timing during the first 25 years of management in the LOHCP Preserve System
Level of shading proportional to the level of effort allocated to the strategy. (Details provided in text.)
Management
Year
Element
Strategy
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
research
1: covered species
2: communities
exotic species 3: plant planning
4: plant eradication
5: plant control
6: plant prevention
7. exotic animals
recreation
8: planning
9: management
fire
10: wildfire planning
11: wildfire risk abatement
12: prescription fire
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CHAPTER 4: ADAPTIVE MANAGEMENT AND MONITORING PROGRAM
This chapter outlines the coordinated program which integrates management and monitoring
to facilitate progress toward the biological goals and objectives of the LOHCP Preserve System.
During implementation of the Los Osos Habitat Conservation Plan, several types of monitoring
will be used. They can be broadly categorized as follows:
1. Compliance monitoring to track adherence with the permit conditions for the covered
activities, level of take, and conservation strategy
2. Biological effectiveness monitoring to evaluate progress toward the conservation goals
and objectives of the LOHCP Preserve System
3. Individual project monitoring to evaluate the effectiveness of specific management
projects and increase knowledge about the system
Compliance monitoring is outlined in the Los Osos Habitat Conservation Plan. Methods for
enhancing the effectiveness of individual projects through monitoring are described in Appendix
A. This chapter provides the biological effectiveness monitoring program designed to track
success toward the biological goals and objectives of the LOHCP Preserve System (Chapter 2).
4.1 PROGRAM OVERVIEW
Proactive Management
As stated in Section 1.1, management in the LOHCP Preserve System will be proactive.
That it, rather than waiting for conditions to decline, management will be implemented to the
fullest extent possible. Management will be designed to address the various stresses which have
already degraded habitat and reduced sensitive species populations, including exotic plants,
recreation, and fire exclusion If allowed to persist, these and other stresses could result in
extirpations of sensitive species populations, and declines in the diversity and abundance of
plants and animals within the Preserves. Following the strategies, targets, and techniques
outlined in Chapter 3, Preserve System management projects will be conducted as funds allow.
Implementation will follow a schedule developed pursuant the priorities designed to maximize
success toward the biological goals and objectives of the Preserve System.
It is anticipated that proactive management will maintain or increase the distribution and
abundance of the five covered species, as well as enhance knowledge of their ecologies. It will
also increase the richness and relative cover of native plants. However, in the event that the
conservation objectives are not attained, a system of remedial management will be used to
enhance success.
Remedial Management
Due to a variety of foreseen circumstances, including fire (wildfire or management burn),
prolonged drought, or the invasion and spread of exotic plants, and perhaps currently unforeseen
circumstances, biological effectiveness monitoring might reveal that the one or more of the
biological objectives are not being met. In such an event, a program will be initiated to evaluate
the causes for the observed declines and develop management to remedy the situation. As with
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all projects, the effects of remedial management will be evaluated to determine whether the
target conditions have been achieved and, if not, inform future strategies and techniques in the
ongoing adaptive management cycle.
4.2 BIOLOGICAL EFFECTIVENESS MONITORING AND REMEDIAL MANAGEMENT ELEMENTS
Biological Effectiveness Monitoring and Remedial Management are linked through a
integrated adaptive management program. This section describes the elements and processes of
the program. The following sections describe the proposed programs for each of the biological
goals of the Preserve System. The monitoring protocols are summarized in Tables 4-1 and 4-2 at
the end of the chapter.
Monitoring
Different types of monitoring will be used to track progress toward the biological goals and
objectives of the LOHCP Preserve System (Chapter 2). Narrative reporting will document
progress toward the objectives to increase ecological knowledge of the covered species and
communities (i.e. objectives 1.4, 2.4, 3.4, 4.4, 5.4, and 6.4), and toward the Ecosystem objectives
of Goal 7. For the other biological objectives, effectiveness monitoring will be conducted
through a variety of different methods, each of which involves the systematic observation and
recording of conditions in and around LOHCP Preserves. The methods used to monitor differ in
the information they provide, and the time, effort, skills, and resources that they require. The
goals in developing the biological effectiveness monitoring program were to:
• Monitor indicators that provide accurate representations of the system characteristic
identified by the objective
• Accurately detect the status of the indicators and identify real and biologically
meaningful trends in their values
• Increase understanding of the ecology of the sensitive species and communities
• Maximize efficacy while minimizing the resources required for monitoring
Monitoring Protocols
To facilitate biological effectiveness monitoring, draft monitoring protocols have been
developed for each of the biological objectives. In several cases, success toward multiple
objectives can be tracked using a single protocol. For example, the richness and relative cover of
native plants species can be monitoring using a single protocol.
Many of the proposed biological effectiveness monitoring studies are based on sampling, in
which the state of the entire population is inferred based on statistical analysis of a random
sample from the population. Sampling can provide a cost effective and accurate means of
detecting and tracking biologically meaningful changes in the population. To be effective,
sampling studies must be carefully planned and implemented considering valid sampling
techniques, the biology of the species, and the monitoring goals and objectives. These protocols
should be refined based on the results of a monitoring pilot study, the biological inventory of the
Preserve System, and additional scientific studies.
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Each monitoring protocols contains five main elements:
1. Sampling Objectives: These identify the specific objectives of the monitoring protocol,
including the minimum detectable change, statistical power, and false-change error rate.
Sampling objectives link specific aspects of the sampling design to the conservation
objective(s) which they are designed to track.
2. Sampling Design: The sampling design describes the critical elements of the study,
including: the universe of interest (statistical population), the variables measured, the
sample unit, the sample size and shape, the manner in which samples are allocated,
whether samples are temporary or permanent, and the sample size.
3. Implementation: This section provides specific guidelines for implementing the sampling
studies, including aspects of seasonality, duration, and frequency.
4. Analysis: This section outlines the analyses and statistical tests appropriate for each
monitoring protocol.
5. Potential Modifications: A list of potential changes to the monitoring protocol is
provided, to assist in the event that the monitoring protocol as drafted does not achieve
the sampling objectives.

Remedial Management
Remedial management will be used to facilitate success toward the biological goals in the
event that effectiveness monitoring indicates that the objectives are not being met. Remedial
management will be triggered based on predefined thresholds.
Thresholds
For each biological objective, a quantitative threshold identifies a level below which
management will be triggered. Based on the current knowledge of the population biology of the
species, which is admittedly limited, the thresholds were designed to identify maximum levels of
decline, beyond which future population growth and persistence might be negatively affected.
As with all aspects of this Adaptive Management and Monitoring Plan for the LOHCP Preserve
System, the thresholds should be adjusted based on results of the pilot monitoring study and any
other new information about the system. However, declines should not be allowed to exceed that
from which the populations can recover.
In monitoring studies that rely on sampling, the minimum detectable change has been set at
the threshold. This assures that monitoring studies will powerful enough to detect declines that
trigger remedial management, yet avoids unnecessarily costs associated with precision to detect
smaller changes.
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Trends versus Single Interval Declines
Remedial measures should be developed in consideration of whether the significant declines
exceeding the threshold are observed during a single monitoring interval (Figure 4-2a), or over a
trend of at least five intervals (Figure 4-2b). This distinction is drawn because natural factors
such as climate (e.g. drought), increases in the abundance of an herbivore, predator, or
competitor, or other stochastic events can cause short-term population decreases which exceed
the threshold. In many cases, populations will recover when conditions change and growth rates
increase. In contrast, deterioration in habitat conditions which can present a greater challenge to
long-term species persistence oftentimes cause protracted declines. It is important to note that
not all single interval declines exceeding a threshold will be followed by natural recovery, as
unfortunately, declines toward extirpation can occur rapidly. The life history of the species and
the ecology of the system will be used to evaluate the threat presented by declines exceeding the
thresholds, and determine the necessary remedial measures.
b)
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Figure 4-1: Hypothetical monitoring data showing a) a significant single interval decline exceeding the
threshold (20%), and b) trend analysis revealing a statistically significant decline exceeding the threshold
(20%) over a 10 year period, during which sampling occurred at two year intervals.

Remedial Measures
Once one or more thresholds are exceeded, a course of remedial action should be initiated.
Because the factors affecting the distribution and abundance of the covered species and the
composition of the native plant communities are poorly understood, and because it is difficult to
anticipate potential future changes to the populations and communities, specific measures will
need to be developed based on the specific details of the situation. This plan outlines a series of
general steps that should be taken (Figure 4-1).
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Significant decline
exceeding threshold?

no

yes

Decline based on trend
analysis of ≥5 intervals

no

Might decline threaten
long term population
persistence?

yes

Continue maintenance
management and
monitoring

no

yes
Cause(s) for decline…

Unknown
Intensify
research to
determine cause
for decline

Known

Hypothesized
Cause for
decline
anthropogenic?

no

yes

Determine
whether
intervention
in natural
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merited

Implement
experimental
remedial
management to
increase
population
growth

no

Cause for
decline
anthropogenic?

yes
Conduct
remedial
adaptive
management to
increase
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Figure 4-2: Decision tree to trigger remedial management based on monitoring results.
If the cause of the decline is unknown, research should be initiated to determine potential
causes. Based on research or observations during monitoring, hypothesized causes should be
classified as either natural or anthropogenic, considering the full range of both proximate and
ultimate impacts of human activity on the system. If the putative causes for decline are
anthropogenic, experimental management should be conducted to remove the stress to the
system. If the decline is not anthropogenic in nature, the determination should be made as to
whether it is important to intervene within the system to protect remaining populations. If the
cause of decline is known and is deemed anthropogenic in origin, for example in the case of
arson, then management should be implemented within an adaptive management framework.
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4.3 MORRO SHOULDERBAND SNAIL
Biological Goals and Objectives
Goal one of the LOHCP is to preserve and enhance populations of the Morro shoulderband
snail (MSS) in the LOHCP Preserve System. Progress toward this goal will be tracked using
biological effectiveness monitoring of three objectives.
1.1: Maintain populations of MSS in the Preserves at which it occurs at the time of the
baseline survey.
1.2: Maintain or increase the distribution of MSS within each Preserve.
1.3: Maintain or increase the population density of MSS within each Preserve.
Monitoring Protocol
The proposed study is designed to detect declines in MSS distribution and abundance that
exceed the designated threshold and thus trigger management. Details of the protocol should be
refined based on results of the initial MSS inventory within the Preserve System and then again
via the results of the pilot study.
Sampling Objectives
The objectives of the monitoring protocol are to have 90% power to detect 20% declines in
frequency (a measure of distribution) and density (a measure of abundance) of MSS, with a 10%
chance of indicating a statistically significant decline when one has not occurred.
Sampling Design
The density (number of individuals) of MSS will be measured in square permanent quadrats
(10 m x 10 m) located throughout the vegetated areas of the LOHCP Preserve System using a
stratified-random sampling regime in which Preserves are the strata in which an equal number of
samples are randomly located. There are presently no density estimates for MSS, nor frequency
estimates for this sized quadrat, upon which the initial sample size could be based. It is
estimated that a minimum of 80 quadrats in total, with 10 per stratum (Preserve) will be needed
to attain the sampling objectives.
The vegetation and litter should be carefully searched based on a minimum level of effort
that is likely to detect snails if they are present, regardless of the vegetation type, to avoid
inadvertent bias (e.g. searching plots located in perceived ‘good habitat’ longer). The number
of live snails in each class (juvenile, adult) should be recorded. The number of empty shells in
each age class (Roth 1985) should also be recorded then removed from the quadrat so that they
are not counted in future monitoring.
Implementation
Sampling should be conducted during the rainy season (November-March) during or
immediately following precipitation. All plots should be sampled during a 1-2 week period.
Adaptive Management and Monitoring Plan for the LOHCP Preserve System

4-6

J.M. McGraw

Adaptive Management and Monitoring Program

Pilot (Years 1 and 2): Sampling will be conducted following the identical protocol in the
first two years following implementation of the LOHCP, after which analyses of the data,
including power analyses, will be used to determine whether the monitoring protocol attains
the sampling objectives and, if not, develop necessary modifications.
First 10 Years Post-Pilot: Sampling will then be conducted every two years during the next
10 years of LOHCP implementation. At each sampling interval, data will be analyzed to
determine whether decline thresholds were exceeded with reference to the baseline frequency
and density in the first year in which the finalized protocol was implemented. If significant
declines exceeding the threshold are detected, management will be triggered.
In Perpetuity: Once sampling has occurred using the same protocol five times, trend
analysis will be used to detect significant declines in frequency or density over a minimum of
five consecutive sampling intervals. Power analysis will again be required to determine
whether the objectives of a trend analysis can be met with the sampling study. The
frequency of sampling following the first ten years should be determined in consideration of
the variability observed due to natural fluctuations, but an interval of 3 years is suggested
preliminarily.
Analyses
Paired t-tests can be used to evaluate whether a decline of 20% has occurred between the
current sample and the baseline. Significant declines in the frequency of occurrence between
two intervals can be tested using a G-test. If more than one time step is evaluated at the same
time, repeated measures ANOVA to detect significant declines in density, and Cochrane’s Q test
to determine whether frequency has declined through time.
In perpetuity, least squares regression or route regression can be used to determine whether a
significant decline in density or frequency exceeding the threshold (20%) has occurred over a
minimum of a five sampling periods.
Potential Modifications
The proposed monitoring protocol should be modified to increase efficiency at attaining the
sampling objectives based on results of the initial MSS inventory and the pilot study,. Potential
modifications that might promote success of the sampling objectives include the following.
Narrowing the Universe of Interest
The present protocol calls for randomly locating samples within each of the Preserves,
irrespective of habitat conditions. This is done so that the monitoring study results will be
generalizable throughout the Preserve System, as stated in the biological objectives. If the
inventory, MSS habitat characterization, or future research concludes that MSS do not occur
within certain areas of the LOHCP Preserve System, such as specific community types, these
areas could be excluded from the universe of interest, and the remaining samples could be
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relocated within the habitat areas occupied by snails, resulting in greater precision of the
estimates and likely statistical greater power. If sampling is limited to in the absence of
conclusive evidence for the MSS restricted distribution, monitoring results will not necessarily
be generalizable to the true universe of interest.
Quadrat Size and Shape
Quadrat size may need to be increased if the initial MSS frequency of occurrence is too low
(<50%) or if the standard deviation of the difference between density in a given sampling
interval is too high. Alternative quadrat shapes might be used to reduce these parameters;
however, a square or perhaps circular quadrat is recommended to reduce the variability due to
MSS locomotion that would likely results from narrow, rectangular quadrats. Previous research
found a correlation between the abundance of live MSS and their shells in 20m2 quadrats
(Adams et al. 2000), suggesting these 100m2 should be effective in tracking occurrences.
Sample size
If the standard deviation of the difference between sample intervals is too high, an increase in
sample size might also increase power and thus facilitate the sampling objectives. This must be
weighed against other methods of reducing standard deviation (sample size) and other sampling
objectives, including maintaining low costs.
Thresholds
The thresholds to trigger remedial management for Morro shoulderband snail are: 1) 50%
decline in distribution in any one Preserve, or 2) a 20% decline in distribution (frequency) or
abundance (density) compared to the baseline measured in the Preserve System as a whole.
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4.4 MORRO MANZANITA
Biological Goals and Objectives
The second goal of the LOHCP is to preserve and enhance populations of Morro manzanita
(MM) in the LOHCP Preserve System. Progress toward this goal will be tracked using
biological effectiveness monitoring of three objectives.
2.1: Maintain populations of MM in the each Preserve at which it occurs at the time of the
baseline survey.
2.2: Maintain or increase the distribution of MM within each Preserve.
2.3: Maintain or increase the population density of MM within each Preserve.
Monitoring Protocol
Three monitoring studies are proposed to track success toward the Morro manzanita
conservation objectives:
1. Areal extent mapping of Morro manzanita (Objectives 2.1 and 2.2)
2. Morro manzanita canopy cover (Objective 2.3)
3. Demographic monitoring of Morro manzanita (Objective 2.3)
Details of the following protocols should be refined based on results of the pilot studies.
Areal Extent Mapping of Morro Manzanita
This study is designed to track the areal distribution of the Morro manzanita within the
LOHCP Preserve. The range-wide areal extent of Morro manzanita was mapped first on paper
by Mullany (1990) and then updated and incorporated into a GIS by Tyler et al. (2000).
Monitoring Objective
The objective of this monitoring protocol is to detect declines in the distribution of Morro
manzanita within the Preserve System that exceed 20% of the baseline acreage, or result in
extirpations from individual Preserve Areas.
Study Design
Following the methods of Mullany (1990) and Tyler et al. (2000), patches of habitat occupied
by Morro manzanita will be delimited using polygons based on aerial photograph analysis and
ground truthing, as necessary, using a GIS. The polygons developed by Tyler et al. (2000) can
be used as a baseline for the distribution of Morro manzanita in the LOHCP Preserves (unless
changes are known to have occurred since the polygons were created). New, high resolution
aerial photographs will be used to evaluate changes in the distribution of Morro manzanita
through time.

Adaptive Management and Monitoring Plan for the LOHCP Preserve System

4-9

J.M. McGraw

Adaptive Management and Monitoring Program

Implementation
Areal extent mapping should be conducted approximately every 10 years in perpetuity, with
the exact interval dependent upon the availability of new, high resolution aerial photographs of
the Preserve System.
Overlay analyses in GIS can be used to quantify changes in the acreage of habitat occupied
by Morro manzanita. For each polygon in which a change is detected, the original aerial
photographs and polygons should be examined to determine whether the putative change is due
to mapping error (i.e. the precision with which patch boundaries are delimited) or represents an
actual change in distribution.
Analyses
The percent change in the acreage of Morro manzanita can be calculated simply as:
[Acres (t)-Acres (2000)]/Acres(2000).
where t represents the year in which subsequent mapping occurs and 2000 represents the
distribution acreages calculated from Tyler et al 2000. Additional statistics will be used to
describe the changes that are observed, in terms of the percentage change in the distribution by
polygon and by Preserve to asses the extent to which changes are occurring range-wide or in
discrete areas.
Morro Manzanita Canopy Cover
This study is designed to monitor changes in the abundance of Morro manzanita to track
progress toward conservation objective 2.3. Due to the difficulty in quantifying canopy cover of
large shrubs in the field, it is proposed that Morro manzanita cover be monitored using high
resolution digital imagery.
Sampling Objective
The objective of this monitoring protocol to have 90% power to detect a 20% decline in the
cover (a measure of abundance) of Morro manzanita, with a 10% chance of observing a
statistically significant decline when one has not occurred.
Study Design
The percent cover of Morro manzanita will be estimated using point sampling on high
resolution aerial images. Current aerial imagery for the LOHCP (AirPhoto USA 2003) includes
photographs taken with one foot resolution, meaning that each pixel in the photograph represents
one foot of area on the ground. This high resolution, combined with the distinctive shape (round
or oval) and color (grey-green) of the shrub canopy, can allow Morro manzanita to be
distinguished from co-occurring shrubs and trees by a biologist or other trained observer.
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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At each sampling interval, new (temporary) points (one pixel in size) will be located
throughout the vegetated areas of the LOHCP Preserve System using a stratified-random
sampling regime in which Preserves are the strata in which an equal number of samples are
randomly located. At least 100 points should be allocated to each stratum to achieve 1%
precision for each Preserve. A GIS can be used to generate and plot the random points on the
aerial imagery, and an observer trained in discerning the signature of Morro manzanita can
simply indicate whether or not the point ‘landed on” live cover of Morro manzanita. Limited
ground truthing may be needed to distinguish between similar shrubs, especially in closed
canopy conditions, and between live and dead canopy cover.
Implementation
Upon implementation of the LOHCP, sampling should be conducted using the most recent
aerial imagery. This will provide the baseline estimates of percent cover of Morro manzanita
within each of the Preserve Areas, and the Preserve System as a whole. Sampling should be
again conducted every 10 years in perpetuity, with the exact interval dependent upon the
availability of new, high resolution aerial photographs of the Preserve System.
Analyses
A replicated goodness of fit test (G-test) can be used to determine whether there has been a
significant change in the percent cover of Morro manzanita within the Preserve System, with the
individual Preserves serving as the replicate samples. Individual G tests should be used to detect
significant changes in Morro manzanita cover within each Preserve. In both cases, the baseline
frequencies provide the expected values which are compared to the frequencies from the new
sampling study, which serve as the observed frequencies.
Demographic monitoring of Morro manzanita
Though monitoring the distribution and abundance of Morro manzanita in the LOHCP
Preserve System based on aerial imagery analysis will provide an important tool for tracking
success toward the conservation objectives for the rare shrub, declines in survival may not be
accurately perceived through such monitoring, and the timeline for which it is proposed to occur
might be too long to abrupt rapid population declines that could signal the need for population
regeneration through disturbance.
Monitoring Objective
The objective of this monitoring protocol is track the survivorship of Morro manzanita
individuals to detect increases in mortality that would signal the need for stand regeneration.
Study Design
Monitoring will be used to evaluate the demographic performance of a sample of Morro
manzanita individuals located throughout the LOHCP Preserve System. A sample of shrubs will
be chosen using a stratified-random sampling regime in which Preserves create the strata in
Adaptive Management and Monitoring Plan for the LOHCP Preserve System

4-11

J.M. McGraw

Adaptive Management and Monitoring Program

which an equal number of samples are randomly located. A minimum of 20 shrubs per stratum
will be needed to have precision of 5% changes in survivorship.
For each randomly chosen individual, the following will be conducted:
1. Individuals will be permanently marked using a discrete, permanent identifier (e.g.
numbered metal tag), and their location recorded in the GIS
2. Individuals will be described in terms of their canopy height, width, and percentage of
dead cover
3. The community type, approximate stand age (based on historical aerial photographs), and
any other factors hypothesized to influence performance will be recorded for each
individual.
Implementation
The study should be conducted early during the implementation of the LOHCP. It is
recommended that the individuals be re-examined every five years or sooner if observations
suggest a decline in vigor or survival.
Analyses
Survivorship, shrub growth (based on volume calculated using the formula for a cylinder),
and percentage dead or damaged canopy should be tracked through time, with a paired t-test used
to test for differences in the latter variable between sampling intervals. Logistic regression can
be used to evaluate factors influencing growth (or shrinkage) and survivorships of adults,
including community type, stand age, size, and percent dead foliage, among other factors
measured for each individual during the study.
Thresholds
The thresholds to trigger remedial management for Morro manzanita are: 1) 1 50% decline in
areal cover, canopy cover, or survivorship in any one Preserve, or 2) a 10% decline in
distribution (areal extent), abundance (cover), or survivorship compared to the baselines
measured in the Preserve System as a whole.
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4.5 SPLITTING YARN LICHEN
Biological Goals and Objectives
The third goal of the LOHCP is to preserve and enhance populations of splitting yarn lichen
(SYL) in the LOHCP Preserve System. Progress toward this goal will be tracked using
biological effectiveness monitoring of the following three objectives.
3.1: Maintain populations of SYL in the Preserves at which it occurs at the time of the
baseline survey.
3.2: Maintain or increase the distribution of SYL within each Preserve.
3.3: Maintain or increase the population density of SYL within each Preserve.
Monitoring Protocol
The proposed monitoring study is designed to detect declines in splitting yarn lichen (SYL)
that exceed the designated threshold and thus trigger management. Details of the protocol
should be refined based on results of the initial SYL inventory in the Preserve System and then
again via the results of the pilot study.
Sampling Objectives
The objectives of the monitoring protocol are to have 90% power to detect 20% declines in
frequency (a measure of distribution) and density (a measure of abundance) of SYL, with a 10%
chance of indicating a statistically significant decline has occurred when one has not.
Sampling Design
The density (number of thalli) and frequency of occurrence (number of quadrats with at least
one thallus present) will be measured in narrow, rectangular, permanent quadrats (2 m x 30 m)
located throughout the vegetated areas of the LOHCP Preserve System using a stratified-random
sampling regime in which Preserves are the strata to which an equal number of samples are
allocated. There are presently no estimates for SYL density or frequency of occurrence on which
the necessary sample size could be based. It is estimated that a minimum of 80 quadrats in total,
with 10 per stratum (Preserve) will be needed.
Implementation Timing, Intervals, and Evaluation
Sampling can be conducted during any time of the year, but should be done at the same time
each interval to avoid variation due to visibility resulting from changes in plant foliage cover.
Pilot (Years 1 and 2): Sampling will be conducted following the identical protocol in the
first two years following implementation of the LOHCP, after which analyses of the data,
including power analyses, will be used to determine whether the monitoring protocol as
sampled attains the sampling objectives, and devise necessary modifications.
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First 10 Years Post-Pilot: Sampling will then be conducted every two years during the 10
years of implementation following the pilot study. At each sampling interval, data will be
analyzed to determine whether thresholds were exceeded with reference to the baseline
frequency and density determined by the first year of data. If significant declines exceeding
the threshold are detected within these first 10 years, management will be triggered.
In Perpetuity: Sampling of SYL will be conducted every five years, and analyses used to
determine whether the frequency or density declines at least 20% compared to the baseline
established during the first year in which the final sampling protocol is implemented.
Analyses
Paired t-tests can be used to evaluate whether a decline of 20% has occurred between the
current sample and the baseline. Significant declines in the frequency of occurrence between
two intervals can be calculated using a G-test. If more than one time step is evaluated at the
same time, repeated measures ANOVA can be used to detect significant declines in density and
Cochrane’s Q test can be used to determine whether frequency has declined through time.
Potential Modifications
The proposed monitoring protocol should be modified to increase its efficiency for attaining
the sampling objectives based on results of the initial SYL inventory, habitat characterization, or
monitoring pilot study. Potential modifications that might promote success of the sampling
objectives include the following.
Narrowing the Universe of Interest
The present protocol calls for randomly locating samples within each of the Preserves,
irrespective of habitat conditions. If the inventory, SYL habitat characterization, or future
research concludes that SYL does not occur within certain areas of the LOHCP Preserve System,
such as specific community types, then the sampling universe of interest could be narrowed to
exclude these areas. Samples can then be randomly located within the remaining universe of
interest, resulting in greater precision of the estimates and likely greater power. If sampling is
limited to in the absence of conclusive evidence for the SYL restricted distribution, monitoring
results will not necessarily be generalizable to the entire area the Preserve System.
Quadrat Size and Shape
The size and shape of quadrats may need to be modified to facilitate aspects of field
sampling, such as searching ease and accuracy. Quadrat size may need to be increased if the
initial SYL frequency of occurrence is too low (<50%) or if the standard deviation of the
difference between density in a given sampling interval is too high. Alternative quadrat shapes
might be used to reduce these parameters; however, sample quadrats with high length to width
ratios such as that which is proposed have been found to perform better than circular or square
quadrats (Elzinga et al. 2001).
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Sample size
If the standard deviation of the difference between sample intervals is too high, an increase in
sample size might also increase power and thus facilitate the sampling objectives. This must be
weighed against other methods of reducing standard deviation (sample size) and other sampling
objectives, including maintaining low costs.
Thresholds
The thresholds to trigger remedial management for splitting yarn lichen are: 1) 1 50% decline
in frequency or abundance in any one Preserve, or a 10% decline in distribution (frequency) or
abundance (density) compared to the baselines measured in the Preserve System as a whole.

Adaptive Management and Monitoring Plan for the LOHCP Preserve System

4-15

J.M. McGraw

Adaptive Management and Monitoring Program

4.6 INDIAN KNOB MOUNTAINBALM
Biological Goals and Objectives
The fourth goal of the LOHCP is to enhance populations of splitting yarn lichen (SYL) in the
LOHCP Preserve System. Progress toward this goal will be tracked using biological
effectiveness monitoring of the following three objectives.
4.1: Maintain populations of IKM in the Preserves at which it occurs at the time the LOHCP
is implemented, and establish new populations in Preserves which lack IKM if doing so
is deemed appropriate.
4.2: Maintain or increase the distribution of IKM within the each Preserve.
4.3: Maintain or increase the population density of IKM within each Preserve.
Monitoring Protocol
The proposed monitoring studies are designed to detect changes in the distribution,
abundance, and demographic performance of Indian Knob mountainbalm (IKM). Details of the
protocol should be refined based on results of the initial IKM inventory in the Preserve System
and then again via the results of the pilot study. Presently, IKM is thought to have a very limited
distribution and population density within the LOHCP Preserve System. Thus, census and
demographic monitoring are proposed rather than sampling. If the distribution and/or abundance
are found to exceed a level which can be efficaciously monitored, it may be necessary to conduct
demographic monitoring on a sample of the population.
If management projects are implemented to enhance IKM populations, detailed experimental
management project monitoring will be used to evaluate the status of the narrowly distributed
and rare plant.
Monitoring Objective
The objectives of the monitoring protocol are to track changes in the areal extent, density,
survivorship, and reproduction (flowering and seedling establishment) of IKM to evaluate
success of management designed to increase population abundance and distribution.
Study Design
Each discrete patch (occurrence, colony) of IKM will be located within Preserve System.
The following will be conducted at each patch:
1. The perimeter of the patch will be delimited using a GPS and the area of the resulting
polygon calculated
2. To facilitate tracking through time, all individual plants (ramets) within the patch will be
permanently marked with a unique identifier (e.g. numbered metal tag) and waypoints
using a global positioning system
3. The life stage (seedling/adult), and number of flowers produce by each plant will be
recorded
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Implementation
Sampling should be conducted when IKM is in flower (approx. June and July).
Pilot (Years 1 and 2): Data collection using the same protocol in the first two years
following implementation of the LOHCP should be followed by analysis to evaluate
effectiveness of the study design at detecting changes in patch size, density, survival, flower
production, and seedling establishment.
In Perpetuity: Demographic monitoring via censusing the entire population should continue
until the distribution and abundance of IKM within the Preserve System is increased to the
extent that it is no longer feasible. It is anticipated that this will occur as a result of
successful experimental management designed to enhance populations of this very rare plant.
Until proactive management is conducted to influence IKM populations, changes are
expected to be slow, so a monitoring interval of 5 years is recommended.
Analyses
During the census, data should be analyzed using descriptive statistics to track changes in
patch size, density, survival, and seedling establishment. Lefkovitch matrix models can be used
to calculate the population growth rate based on survivorship and fecundity estimates, which can
be used to generate population density projects based on current density values. These useful
tools of demographic monitoring can also be used to determine which life history transitions are
most influential on the population growth (e.g. seedling survivorship, etc.) through sensitivity
analyses (Caswell 2000, Parker 2000).
Demographic models can continue to be used once sampling is initiated, at which time
univariate statistical tests including paired t-tests can be used to determine whether the
population has increased significantly compared to the baseline distribution and density
established during the initial year of the study.
Thresholds
The thresholds to trigger remedial management for Indian Knob mountainbalm are: a 20%
decline in areal extent or number of ramets from any one Preserve, or a 10% decline in
distribution or abundance in the Preserve System as a whole, compared to the baseline inventory.
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4.7 MORRO BAY KANGAROO RAT
Biological Goals and Objectives
The fifth goal of the LOHCP is to enhance populations of Morro Bay kangaroo rat in the
LOHCP Preserve System. Progress toward this goal will be tracked using biological
effectiveness monitoring of the following three objectives.
5.1: Maintain populations of MBKR in the Preserves at which it occurs at the time the
LOHCP is implemented, and establish new populations in preserve areas lacking
MBKR if doing so is deemed appropriate.
5.2: Maintain or increase the distribution of MBKR within each Preserve.
5.3: Maintain or increase the population density of MBKR within each Preserve.
Monitoring Protocol
Presently, it is not known whether Morro Bay kangaroo rats inhabit the LOHCP Preserve
System (USFWS 1999). Given this uncertainty, it is not possible to develop an effective
monitoring protocol at this time. Instead, one should be developed following implementation of
the initial inventory for MBKR in the Preserve System, which will provide information about the
species distribution and abundance needed to inform design of a monitoring protocol for this
very rare animal. Given its rarity, demographic monitoring may be needed to monitor success of
the populations.

4.8 COMMUNITIES
Biological Goals and Objectives
The sixth goal of the LOHCP is to maintain or enhance the structure and species composition
of the native plant communities in the LOHCP Preserve System. Progress toward this goal will
be tracked using biological effectiveness monitoring of three objectives.
6.1: Maintain a mosaic of communities that naturally occur on the Baywood fine sands
within the Preserves.
6.2: Maintain or enhance the relative cover of native plant species within the natural
communities found on the Baywood fine sands.
6.3: Maintain or enhance the diversity of native plant species within the natural communities
found on the Baywood fine sands.
Monitoring Protocols
Two proposed monitoring studies have been designed to track the community objectives:
1. Areal coverage of plant communities (Objective 6.1)
2. Native plant cover and diversity sampling (Objectives 6.2 and 6.3)
Details of the following protocols should be refined based on results of the pilot study.
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Areal Coverage of Plant Communities
This study is designed to track the areal coverage of the different plant community
(‘vegetation’) types within the LOHCP Preserve. In Spring 2004, plant communities within the
Los Osos Preserve System were delineated using a combination of aerial imagery interpretation
and ground reconnaissance (J. Legato, pers. comm. 2004). The resulting GIS-based map reveals
a mosaic of 23 different plant associations or ‘series’.
Monitoring Objective
The objective of monitoring is to detect biologically meaningful shifts in the areal coverage
of plant associations within the Preserve System.
Study Design
Using the same protocol as implemented to develop the GIS vegetation layer in 2004 (CMCA
2004), the distribution of plant communities will be mapped within the LOHCP Preserve.
Implementation
Areal extent mapping based on aerial imagery and ground reconnaissance should be
conducted every 10 years in perpetuity, depending on the availability of new, high resolution
aerial photographs of the Preserve System.
Overlay analysis should be used to determine the location and area of habitat that has
transitioned between plant community types. For each area where a shift is detected, the original
aerial photographs should be examined to determine whether the putative change is due to
mapping error (i.e. the precision with which communities can be distinguished) or represents an
actual transition in plant community structure.
Analyses
Descriptive statistics can be used to compare the number of patches and mean and total patch
area of each community type through time, and the percent changes experienced by different
habitat types. A matrix which indicates the percent change of each community type to every
other type will be assembled, allowing evaluation of trends due to succession and management.
Potential Modifications
The monitoring protocol used to track this objective will need to be adjusted if biologically
important differences between plant communities cannot be adequately distinguished through
interpretation of vegetation signatures using aerial photographs. For example, if coastal sage
scrub with high cover of veldt grass (Ehrharta calycina) is found to support lower diversity of
herbaceous native plants or abundance of Morro shoulderband snail relative to uninvaded coastal
sage scrub, then the communities should be split. If the two types of coastal sage scrub cannot
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be distinguished via examination of aerial photographs, then additional ground mapping may be
required.

Native Plant Cover and Diversity
The proposed study is designed to detect declines in the relative cover and diversity of native
plant species that exceed the designated threshold and thus trigger management. Details of the
protocol should be refined based on results of the pilot study.
Sampling Objectives
The objectives of the monitoring protocol are to have 90% power to detect 20% declines in
the diversity and relative cover of native plant species, with a 10% chance of indicating a
statistically significant decline when one has not occurred.
Sampling Design
Percent cover of each plant species will be estimated visually using cover classes in square
permanent quadrats (5 m x 5 m) located throughout the vegetated areas of the LOHCP Preserve
System using a stratified-random sampling regime in which the 23 plant community series are
the strata within which the number of samples allocated to each community type is proportional
to the proportional acreage of the Preserve System that the type covers. There are presently no
current estimates for the mean or variability in diversity and relative plant cover within the
community types, upon which the initial sample size could be based. It is estimated that a
minimum of 100 quadrats in total, with at least 5 per stratum (community type) will be needed to
attain the sampling objectives.
Implementation
Sampling should be conducted when annual plant species are in flower (mid-March through
mid-May). Because cover estimates can vary depending on the phenology of the system and the
observer, sampling should occur during a 1-2 week period during peak phenology each year,
rather than during a consistent calendar time. Sampling should be conducted by the same
observer or team of observers, which has standardized their visual estimates to the greatest
degree possible.
Pilot (Years 1 and 2): Sampling will be conducted following the identical protocol in the
first two years following implementation of the LOHCP, after which analyses of the data,
including power analyses, will be used to determine whether the monitoring protocol as
sampled attains the sampling objectives, and devise necessary modifications.
First 10 Years Post-Pilot: Sampling will then be conducted every two years during the next
10 years of implementation. At each sampling interval, data will be analyzed to determine
whether thresholds were exceeded with reference to the baseline frequency and density
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determined by the first year of data. If significant declines exceeding the threshold are
detected within these first 10 years, management will be triggered.
In Perpetuity: Once sampling has occurred using the same protocol five times, trend
analysis will be used to detect significant declines measured as a 20% decline in frequency or
density over a minimum of five consecutive sampling intervals. Power analysis will again be
required to determine whether the objectives of a trend analysis can be met with the sampling
study.
Analyses
Data will be used to calculate the following composite variables:
1. Relative native plant cover: the mean proportion of total plant cover comprised of native
species
2. Alpha richness: the mean number of native plant species within each quadrat
3. Gamma richness: the total number of native plant species sampled in the study
Paired t-tests can be used to evaluate whether a decline of 20% has occurred in relative native
plant cover and alpha richness between the current sample and the baseline. Least squares
regression or route regression can be used to determine whether a significant decline in gamma
richness (a measure among samples) has occurred over a minimum of a five sampling periods.
Potential Modifications
The proposed monitoring protocol should be modified to increase its efficiency for attaining
the sampling objectives based on results of the pilot study and during the course of
implementation, if necessary. The following are potential modifications that might promote
success toward the sampling objectives.
Sampling Method
If pilot study analyses reveal high standard deviations which are attributed to sampling error
resulting from variability in visual estimation of plant cover, line intercept or point intercept
sampling may be used to estimate cover. In these methods, plant cover is estimated by sampling
plants intersecting the length of a transect (line intercept) or specific points along the transect
(point intercept). Because these methods will likely miss rare species, richness (number of plant
species) should be sampled in a 2m wide band along the length of the transect.
Sample size
If the standard deviation of the difference between sample intervals is too high, an increase in
sample size might also increase power and thus facilitate the sampling objectives. This must be
weighed against other methods of reducing standard deviation, such as quadrat size and shape,
and other sampling objectives, including maintaining low costs.
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Thresholds
The thresholds to trigger remedial management for communities are a 20% decline in gamma
diversity, a 20% decline in mean alpha diversity, or a 20% decline in the relative cover of native
plant species compared to the baselines measured in the Preserve System as a whole, or within
any given Preserve Area.
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Table 4.1 Monitoring approaches for each biological objective of the LOHCP Preserve System (Details provided in text.)
Biological
Goal
1:Morro
shoulderband
snail

Objective
1: maintain or increase Preserve System distribution

2: Morro
manzanita

1: maintain or increase Preserve System distribution

2: maintain or increase Preserve distribution
3: maintain or increase abundance

cover sampling;
demographic monitoring

1: maintain or increase Preserve System distribution
2: maintain or increase Preserve distribution
3: maintain or increase abundance

4: Indian Knob
mountainbalm

population sampling

Monitoring
Interval
Thresholds²
3 years
50% declines in frequency or density in
any one Preserve
3 years
20% decline in frequency
3 years
20% decline in density
10 years

50% decline in frequency or density in
any one Preserve

10 years
10 years
5 years

10% decline in areal extent
10% decline in canopy cover; 10%
decline in density

10 years

50% decline in frequency or density in
any one Preserve
10% decline in frequency
10% decline in density

areal extent mapping
2: maintain or increase Preserve distribution
3: maintain or increase abundance

3: splitting yarn
lichen

Technique

population sampling

10 years
10 years

1: maintain or increase Preserve System distribution
2: maintain or increase Preserve distribution
3: maintain or increase abundance

5: Morro Bay
kangaroo rat¹

1: maintain or increase Preserve System distribution
2: maintain or increase Preserve distribution
3: maintain or increase abundance

6: communities

1. maintain or enhance community mosaic
2. maintain or increase native plant cover
3. maintain or increase native plant diversity

areal extent mapping

5 years

demographic monitoring

5 years

20% decline in frequency or density in
any one Preserve
10% decline in areal extent
10% decline in ramet density

TBD

TBD

TBD

areal community mapping;
quantitative sampling

10 years

decline in native assemblages;
20%
decline in gamma diversity
20% decline in relative native cover
20% decline in alpha diversity

quantitative sampling

¹ All MBKR objectives subject to adaptive management depending on results of initial sampling study
² All quantitative thresholds subject to change following analysis of pilot sampling protocols

5 years
5 years

Table 4-2: Attributes of the biological effectiveness monitoring protocols for the LOHCP Preserve System
Attribute of System Monitored
MM
IKM
MSS
SYL
Distribution &
Distribution &
Abundance
Abundance
Monitoring
Attribute
Distribution Cover
Density
Distribution
Density
population
areal
point
demographic
population
areal
demgraphic
type of monitoring
sampling
mapping
sampling monitoring
sampling
mapping
monitoring
sampling
objectives

sample design

MDC

-20% frequency
-20% density

-10% area

-10%
cover

-10% density

-20% frequency
-20% density

-10% area

-10% density

declines in
native series

-20% cover, gamma
diversity, & alpha
diversity

α
β
power

0.10
0.10
90%

na
na
na

0.10
0.10
90%

na
na
na

0.10
0.10
90%

na
na
na

na
na
na

na
na
na

0.10
0.10
90%

U.O.I

Preserve System

Preserve
System
points
1 pixel
stratifiedrandom
Preserves

Preserve
System
individual
na
stratifiedrandom
Preserves

Preserve System

Preserve
System
na
na
na

Preserve
System
na
na
na

Preserve
System
na
na
na

Preserve System

na

na

na

sample unit
unit size
allocation

Preserve
System
quadrat
na
10 m x 10 m
na
stratified-random na

quadrat
2m x 30m
stratifiedrandom
Preserves

quadrat
5mx5m
stratifiedrandom
series

Preserves

na

perm/temp
sample size

permanent
80-100 (min.
10/stratum)

na
na

temporary permanent
min.
min.
100/stratu 20/stratum

permanent
80-100 (min.
10/stratum)

na
na

na
na

na
na

permanent
80-100
(min. 5/stratum)

season

November March
during/after
precipitation
3 years

none

none

same each
interval
none

June-July

June-July

none

March-May

none

same each
interval
none

none

none

none

10 years

5 years

10 years

5 years

5 years

10 years

during 1-2 week
period
5 years

strata

implementation

Communities
mosaic of
Cover &
series
Diversity
areal mapping quantitative
sampling

timing
interval

10 years

MDC: Mimimum detectable change; α: false-change error rate; β: missed-change error rate

Bayview Preserve

CHAPTER 5: THE BAYVIEW PRESERVE

The Los Osos Habitat Conservation Plan Preserve System will include the Bayview Unit of
the Morro Dunes Ecoreserve, which is owned by the California Department of Fish and Game.
Hereafter referred to as the “Bayview Preserve”, this 237 acre property will be managed using
habitat mitigation funds generated by the LOHCP.
This chapter describes habitat management proposed for the Bayview Preserve. Based on the
available information for the site, including that obtained during habitat assessments in July and
October 2004, the following sections provide an overview of the physical environment and
biology of the Preserve, outline its current known and likely stresses, and identify a series of
initial management projects. The details of specific management projects will be developed
following a comprehensive biological inventory of the Preserve, which will be conducted early
following implementation of the Los Osos Habitat Conservation Plan to provide more detailed
information about the sensitive species and communities in the Preserve (Section 1.4).
5.1 PHYSICAL ASPECTS OF THE ENVIRONMENT
The Bayview Preserve of the Los Osos Habitat Conservation Plan protects 237 acres of
habitat located south of Highland Drive, west of Bayview Heights, and east of the Old Broderson
Avenue—a dirt road located partially within the Bayview Preserve and partially within the
Broderson Site (Figure 5-1). The Bayview Preserve is comprised of two parcels:
• A 205 acre parcel south of Highland Drive and west of Bayview Road (074-229-018)
• A 32 acre south of the above parcel and north of the canyon containing Los Osos Creek
(067-131-006).
Geology and Topography
There is no specific information available about the geology of the Bayview Preserve. The
Los Osos region is underlain by rock of the Franciscan Complex, which is a mixture of igneous,
metamorphic, and sedimentary rocks formed 120 to 180 million years ago during the Jurassic
and Cretaceous Periods. Overlaying the Franciscan formation are sediments of the Paso Robles
formation, an ancient dune complex formed during the Pleistocene and Holocene. This dune
complex greatly influences the biology of the Bayview Preserve, as described below.
The Bayview Preserve is on a gently sloped, north-facing hillside (Figure 5-2). Elevation
ranges between 180 ft at the northern border near Highlands Drive, and 580 feet on the southern
border, which abuts a steep canyon containing the headwaters of Los Osos Creek. The overall
slope of the site is 12%, though it is shallower in the northern half (10%) and steeper in the
southern half (14%).
Soils
According to the soil survey of coastal San Luis Obispo County (USDA 1984), the Bayview
Preserve contains three soil types (Figure 5-3; Section B.1). The Baywood fine sands
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predominate (Table 5-1). They are developed from Pleistocene Period sand dunes formed of fine
aeolian (wind transported) sand. Due to their sand texture, these soils are somewhat excessively
drained. Gradual accumulation of organic matter has lead to some clay synthesis, and in some
places, the soil is loamy sand. Oxidation of iron minerals gives the surface soil a reddish color.
While the surface layer is slightly acidic, the subhorizons are often strongly acidic (USDA 1984).

Table 5-1: Soils of the Bayview Preserve of the LOHCP.
Soil Type
Estimated Acreage
Baywood Fine Sand, 9-15% slopes
211
Baywood Fine Sand, 15-30% slopes
<1
Santa Lucia Shaly Clay Loam on 50-75% slopes
25
North of the steep canyon containing Los Osos Creek, the Bayview Preserve also contains
Santa Lucia Shaly Clay Loam soil on 50-75% slopes. This moderately deep, well drained soil
was formed from the weathering of shale and sandstone and the surface layer is a dark gray shaly
clay loam. Due to the higher clay content compared to the Baywood Fine Sands, the Santa Lucia
shaly clay loam has moderate water holding capacity. Surface runoff on this soil is rapid, and
thus on steep, denuded slopes, erosion can be a problem (USDA 1984).
With the main soil types of the Bayview Preserve, differences in topography, microclimate,
and plant cover result in soils that differ in depth, texture, and color. These soils create different
conditions for plant growth, and thus explain in part the variability in plant community
composition observed in the Bayview Preserve (Section B.1).
Climate
Like all Preserves of the Los Osos Habitat Conservation Plan, the Bayview Preserve
experiences a maritime Mediterranean climate, characterized by:
• cool, wet winters
• warm, dry summers
• a distinct rainy season between November and March
• mean annual precipitation of 14 inches (35 cm)/year
• high interannual variability in rainfall
• mean annual temperature of 58ºF (22ºC)
• coastal fog, especially during the morning in early summer months (June-July)
These aspects of the climate of the communities of the Baywood Fine Sands have important
implications for the biology of sandhills species and communities, and thus their management.

5.2 BIOLOGY
The Bayview Preserve contains high quality habitat supporting a diverse assemblage of plant
and animal species. The following information is compiled from a variety of sources, including
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previous surveys and report on the site, and observations of the Preserve made during July and
October 2004.
Communities
The Bayview Preserve supports seven native plant communities, which were mapped in
Spring 2004 by Crawford, Multari, and Clark Associates using a combination of aerial image
interpretation and ground reconnaissance. Series of Morro manzanita chaparral dominate the
237 acre Preserve, which also supports a large tract of California Sagebrush-Black Sage—a form
of coastal sage scrub (Table 5-2). Information about the ecology and species composition of
these communities is provided in Section B.1.

Table 5-2: Biological communities of the Bayview Preserve of the LOHCP
(CMCA 2004).
Estimated Acreage
Community Type
Morro Manzanita Series
106.0
California Sagebrush-Black Sage Series
54.0
Morro Manzanita-Wedleaf Ceanothus Series
35.0
Morro Manzanita-California Sagebrush Series
34.0
Bishop Pine Series
3.0
Live Oak Series
1.0
Dune Lupine
4.0
Total Acreage
237.0

These communities occur as a patch mosaic within the Bayview Preserve (Figure 5-4).
Moving from the lower elevation, gently sloped habitat on the Preserve’s northern border, to the
higher elevation, more steeply sloped southern region, the cover of trees and shrubs increases.
This pattern may reflect a gradient in environmental conditions which influence plant growth,
such as greater soil development and thus greater water and nutrient availability (JSA 1997).
Examination of historical aerial photographs of the region reveals that the entire Preserve was
cleared of native vegetation in 1949; however, there is no evidence of disturbance in more recent
photographs, including those from 1956, 1964, 1973, and 1987 (see “Land Use” section below).
Thus, it is unlikely that the steeper, southern portion of has greater shrub and tree cover as a
result of its greater successional age.
Flora
The flora of the Bayview Preserve has not been formally catalogued, as will be done as part
of a detailed biological inventory to be completed early following implementation of the
LOHCP. Due to its large size, the Bayview Preserve contains a mosaic of community types
found on the Baywood Fine Sandhills (Appendix B.1). As a result, its flora is likely among the
most diverse of the LOHCP Preserves.
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The Bayview Preserve supports populations of several sensitive plant species (Table 5-3),
including two covered species: Morro manzanita and Indian Knob mountainbalm. Indian Knob
mountainbalm has two occurrences within the Bayview Preserve, each of which consists of less
than 50 ramets that may represent one or a few genets (Section B.5; USFWS 1998). Morro
manzanita occurs throughout much of the 230 acre Preserve, with its cover increasing from the
northern portion of the Preserve to the southern border (Tyler et al. 2000; Figure 5-5).
Persistence of the dense stands of Morro manzanita that occur on the southern portion is deemed
very important for conservation and recovery of the endangered shrub (Tyler et al. 1996)..
The Bayview Preserve contains occurrences of Blochman’s leaf daisy and the San Luis
Obispo wallflower, both of which are rare perennials found only in maritime chaparral and
coastal scrub and dune habitats in Santa Barbara and San Luis Obispo Counties. It also supports
dune almond, a low growing shrub that is sparsely distributed within the coastal sage scrub. The
initial inventory will be used to identify and map the occurrences of these and other sensitive
species within the Bayview Preserve.

Table 5-3: Sensitive plant and lichen species known or likley to occur in the Bayview
Preserve.
Species
Arctostaphylos morroensis
Eriodictyon altissimum
Erigeron blochmaniae
Erigeron sanctarum
Erysimum capitatum ssp.
lompocense
Monardella undulata
Prunus fasciculata var. punctata
Sulcaria isidifera

Common Name
Status
Morro manzanita
FE, CNPS IB
Indian Knob mountainbalm FE, CNPS 1B
Blochman's leaf daisy
CNPS 1B
Sanit's daisy
CNPS 4
San Luis Obispo wallflower CNPS 4
curly leafed monardella
sand almond
splitting yarn lichen

Known in
Preserve
yes
yes
yes
yes

CNPS 4
CNPS 4
CNDDB G1/S1.1

yes

CNDDB G1/S1.1: CA Natural Diversity Database: limited distribution and abundance; very threatened
CNPS IB: list of most endangered plants by the California Native Plant Society
CNPS 4: 'Watch list' compiled by the California Native Plant Society
FE: Federally listed endangered species
SE: State listed endangered species

The flora of the Bayview Preserve is dominated by native plant species, both in terms of
areal cover and species richness (number of species). Like all LOHCP Preserves, however, the
Bayview Preserve supports exotic plants. These include ornamental species that were either
deliberately planted or escaped from homes near Highland Drive, and invasive exotic species
including annual grasses (e.g. Bromus madritensis ssp. rubens, Avena spp.), perennial grasses
(Ehrharta calycina, Cortaderia jubata), and iceplants (Carpobrotus spp., Conicosia
pugioniformis). With the exception of few ornamental pines planted on the northern border near
Highland Drive, there are no exotic trees within the Bayview Preserve. More information about
exotic plants in the Bayview Preserve is provided in Section 5.4.1.
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Fauna
There have been no systematic surveys to catalogue the fauna of the Bayview Preserve.
Following implementation of the LOHCP, an inventory will be used to document occurrence of
animal species within the major taxonomic groups, including the herpetofauna, birds, mammals,
and insects.
The Bayview Preserve is known to support populations of several sensitive animal species,
and based on its habitat conditions, is thought support several others (Table 5-4). The Bayview
Preserve is thought to be the only site likely to still support a population of the federally and state
endangered Morro Bay kangaroo rat (Dipodomys heermanni morroensis). Up until 1989,
repeated surveys documented the presence of this critically endangered mammal at the Preserve,
which was previously known as ‘Morro Palisades’. According to the revised recovery plan for
the Morro Bay kangaroo rat (USFWS 1999), tail drag was observed at the site during
development of the draft Environmental report for the proposed Los Osos wastewater treatment
facility; however, the recovery plan does not provide a date or other reference the study.

Table 5-4: Sensitive animal species known or likley to occur in the Bayview Preserve.
Species
Dipodomys heermanni morroensis
Helminthoglypta walkeriana walkeriana
Icaria icarioides morroensis
Anniella pulchra nigra
Phyrnosoma coronatum
Circus cyaneus

Common Name
Morro Bay kangaroo rat
Morro shoulderband snail
Morro blue butterfly
black legless lizard
coast horned lizard
northern harrier

Status
FE, SE
FE
SSC
SSC
SSC

Known in
Preserve
yes
yes

yes

FE: Federally listed endangered species
SE: State listed endangered species
SSC: CA Dept. of Fish and Game Species of Special Concern

The Morro shoulderband snail is known to occur in the northern portion of the Bayview
Preserve (USFWS 1998), which was identified as critical habitat for the endangered mollusk
(USFWS 2001) As part of the Preserve inventory to be conducted early in implementation of the
LOHCP, a systematic, quantitative survey will be conducted to determine the distribution and
abundance of the endangered snail within this Preserve. Likewise, the Morro blue butterfly
likely inhabits coastal sage scrub and dune lupine habitat of the Bayview Preserve; however, a
survey is needed to establish its distribution and abundance and further inform management.
The Bayview Preserve may also support populations of sensitive reptile species, including
the coast horned lizard (Phyrnosoma coronatum), the black legless lizard (Aniella pulchra
nigra), and two-striped garter snake (Thamnophis hammondii). In addition, habitat of the
Bayview Preserve might also be utilized by a variety of special status birds including the
northern harrier (Circus cyaneus), white-tailed kite (Elanus leucurus), merlin (Falco
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columbarius), and peregrine falcon (Falco peregrinus anatum), among others. However,
presently, there is no specific information available about the status of these species in the
Bayview Preserve.
No studies have been conducted to document the presence of exotic animals in the Bayview
Preserve. However, due to the proximity of homes on the northern border, domestic cats (Felis
domesticus) and both black and Norway rats (Rattus rattus and R. norvegicus), may be found in
the Preserve. Due to the presence of utility lines and poles and planted Monterey cypress
(Cupressus macrocarpa), the native raptor populations may have unnaturally high impacts on the
native herpetofauna and small mammal assemblages (Target 7.1), including potentially
populations of the Morro Bay kangaroo rat. However, there is no available information about
such impacts.
Disturbance Ecology
The communities of the Baywood Fine Sands are characterized by a natural regime of
disturbance including recurring fires which influence the structure and species composition of
the plant communities. Fire also determines the successional stage of the habitat, and thus the
conditions for sensitive species populations (Appendix E).
Historical aerial photographs reveal that between 1937 and 1949, the vegetation of the
Bayview Preserve was removed (Figures 5-6a,b). There is no sign of the trunks and branches of
large shrubs and trees (“skeletons”) that often remain after wildfire, suggesting that plant cover
was mechanically cleared, such as with a bulldozer. During the course of the following 55 years,
there is no sign of subsequent mechanical clearing or fire. Instead, plant cover increased steadily
during that time, with especially dramatic increases observed during the first 25 years (i.e. until
1973), after which only modest increases in vegetation cover are detected (Figure 5-6d).
The natural return interval for fire within the Baywood Fine Sand communities is unknown
and likely undeterminable, rendering it difficult to strategize future disturbance to manage the
system. Research examining the effects of prescription fire on Morro manzanita indicated that
too short of a return interval could reduce the ability of Morro manzanita to re-establish (Odion
and Tyler 2002; Section B.3). At the same time, fire exclusion in fire-adapted systems has been
found to reduce populations of disturbance-dependent species, many of which rely on fire or
other disturbance to create the early successional conditions they require. These and other
aspects of fire management are discussed in greater detail in Appendix E.
5.3 LAND USE
Evaluating land use within and adjacent to the Preserve can greatly aid management.
Adjacent Land Use and Buffers
Four purposes of evaluating adjacent land use, the Bayview Preserve has four main sides
(Figure 5-7):
Adaptive Management and Monitoring Plan for the LOHCP Preserve System

5-8

J.M. McGraw

Bayview Preserve

•
•
•
•

Northern border (3,075 feet): Adjacent to 32 single family homes located primarily on
lots less than 10,000 ft2 on Highland Drive and three cross streets which terminate at the
Bayview Preserve. There are no buffer areas between the development and the Preserve.
Eastern border (3,390 feet): Adjacent to Bayview Heights Drive, which has 11 single
family homes on its eastern side (lots vary in size from <10,000 ft2 to 1 acre). Also
adjacent to a water tank located on a one acre.
Western border (3,610 feet): Adjacent to open space within two parcels which are
proposed for development to contain a sewer leachfield (Broderson) and homes (Pratt).
Southern border (4,950 feet): Adjacent to open space.

As a result of the close proximity of residential development, the Bayview Preserve has been
by used for recreation, which impacts habitat conditions as described below and in Appendix D.
Bayview Preserve
The Bayview Preserve is undeveloped, and historical aerial photographs reveal no evidence
of prior structures. Land uses that have impacted the biological conditions of the habitat on the
Preserve include vegetation clearing, road building and use, and recreation.
Vegetation Clearing
Between 1937 and 1949, the natural vegetation of the Bayview Preserve was cleared (Figures
5-6a,b). This might have been done in order to produce row crops or hay, or perhaps to enhance
pasture conditions for cattle. Aerial photographs taken after 1949 reveal no sign of subsequent
disturbance. Instead, shrub and tree cover present in the 1959 aerial photograph suggest that
succession might have begun in the absence of ongoing clearing (Figure 5-6c). The impacts of
this land use on native biodiversity in these communities are unknown. It is not known whether
the soil was amended nor whether the vegetation clearing altered the topography of the Preserve
(i.e. removed microtopographical features such as small swales).
Roads
First observed in the 1964 aerial photograph, four dirt roads were created to traverse the
present day Preserve. By 1973, all roads appear to have been largely abandoned by vehicles
except one (Figure 5-6d). Known as “The Broderson Road extension” or “Old Broderson Road”,
this 3,600 foot long dirt road is partly on the Bayview Preserve and partly on the Broderson
parcel to the west. Between 1964 and 1973, the segment the road located on the former Pacey
parcel to the south changed its trajectory, perhaps because erosion rendered the original road
impassable.
The road is currently traversed by equestrians, pedestrians, and off highway vehicles,
including motorcycles, quads, and four-wheel drive trucks and jeeps. It ranges in width from 10
feet to more than 40 feet, with the average width approximating 20 feet. Due to the high
frequency and intensity of use, there is little intact native vegetation within the road corridor,
where the soil has become highly compacted. As a result of its largely straight trajectory
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perpendicular to a steep slope, the Old Broderson Road has experienced a large amount of
erosion, including the formation of a long, deep gully (Section 5.4.2).
Recreational Use
Recreational use of habitat in the Bayview Preserve has occurred on the four initial roads as
well as in arenas and a network of trails. Evidence of arena-style use by motorcycles and other
OHVs is visible in 1964 aerial photographs. By 1973, four large, round areas completely devoid
of plant cover are observed in the Bayview Preserve. By 1987, the size of these disturbances
was greatly reduced, presumably as a result of plant recolonization resulting from reduced
frequency of use. Presently, the four areas exhibit greater bare ground and, in one case, high soil
compaction than the adjacent habitat that was not used for arena-style riding; however, plant
recolonization in the absence of frequent use has greatly reduced the area of these disturbances.
By 1973, a network of trails was created within the habitat of the current Bayview Preserve
(Figure 5-6d). In addition to the Broderson Road, there are four main trails trending north and
south, and four trending east and west. Three trails connect the present day Preserve to the
adjacent open space to the west, including that of the Broderson and Pratt parcels, and Montaña
de Oro State Park. However, many interconnecting trails confined to the Preserve suggest that
the large expanse of open habitat might have been a destination for hikers, equestrians, and OHV
riders.
5.4 STRESSES AND PROPOSED MANAGEMENT
This section outlines the current and likely future stresses to the Bayview Preserve, based on
previously available information about the site and an assessment conducted in July and October
2004. This information will be updated based on results of the Preserve inventory to be
conducted in the early stages of LOHCP implementation.
For each stress identified, this section also describes proposed management projects designed
to enhance the distribution, abundance, and population performance of sensitive species, and the
structure and species composition of the native communities. These proposed projects are based
on the management strategies, targets, and techniques outlined for the Preserve System (Chapter
3), the rationales for which are provided in greater detail in the Appendices. In the case of
projects proposed to manipulate habitat conditions (e.g. exotic plant removal), specific details
will be developed following completion of the Preserve inventory and prior to project
implementation. Project details include the necessary elements of adaptive management, such as
the model for the system, the quantitative objectives of the project, and the mechanisms for
evaluating project success, as outlined in greater detail in Section 1.10.
The Bayview Preserve has been negatively impacted by exotic plants and recreational use.
In addition, fire exclusion may degrade habitat for sensitive species populations in the long term,
and in the short term, wildfires could directly reduce sensitive species populations. The nature of
these impacts and their consequences for native species and communities are described in greater
detail in Appendices B-E.
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5.4.1 EXOTIC PLANTS
The Bayview Preserve contains numerous exotic plants, including both ornamental species
that were planted, and highly invasive species that have naturally recruited. As described in
Appendix C, exotic plant management projects should be implemented following an Exotic Plant
Management Plan for the Preserve System, in which management goals and priorities are
established following a detailed inventory of exotic species. Specific exotic plant eradication
and control projects should be designed in consideration of habitat conditions within the
Preserve, including the distribution and abundance of sensitive species. Based on a
reconnaissance level evaluation of exotic plants within the Bayview Preserve, the following
sections describe management strategies for the invasive species identified (Table 5-5). They
should be updated following the exotic plant inventory and planning process, and as other new
information becomes available.

Table 5-5: Invasive exotic plants of the Bayview Preserve (Appendix C).
Management
Relative
Common Name Cal-IPC¹ Distribtuion Abundance
Impact
Goal
veldt grass
A-2
widespread
high
high
control
fig marigold
A-1
moderate-high moderate-high moderate-high
control
round-leaved
iceplant
A-2
moderate-high moderate-high moderate-high
control
jubata grass
A-1
narrow
low
moderate
eradication
red brome
A-2
narrow
moderate
low
control
rip gut brome
narrow
moderate
low
control
wild oats
narrow
low
low
control
¹California Invasive Pest Plant Council: List of Plants of Greatest Ecological Concern (Oct 1999)
A-1: Most Invasive Wildland Pest Plants: Widspread (only 23 speices on list)
A-2: Most Invasive Wildland Pest Plants: Regional (20 species on list)

Veldt Grass
Stress
The perennial veldt grass (Ehrharta calycina) occurs patchily within the Bayview Preserve
(Figure 5-8a). Its distribution and abundance (cover) appears to be influenced by two primary
factors: 1) plant community, and 2) disturbance history. Veldt grass is most widespread and
abundant within the California Sagebrush-Black Sage plant assemblage, where it varies in
abundance from less than 10% to more than 75% absolute cover. Denser veldt grass patches
appear to be associated with areas of soil disturbance, including recreational use.
In the maritime chaparral assemblages of the Bayview Preserve, veldt grass is primarily
restricted to recreational trails which create gaps in the otherwise dense shrub and tree canopies.
Current abundance is very low in these areas; however, future disturbance including fire has the
potential to greatly enhance veldt grass distribution and cover in the Morro manzanita stands.
Adaptive Management and Monitoring Plan for the LOHCP Preserve System
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Dense infestations of veldt grass appear to preclude many native plant populations. Areas
with more than 75% absolute veldt grass often have few native species occurring in very low
abundance (J. McGraw, pers. obs.). These tussock dominated fields provide very different
habitat conditions than uninvaded coastal sage scrub, which is dominated by shrubs and forbs.
Proposed Management
The goal of veldt grass management in the Bayview Preserve will be control. As outlined in
Target 5.1 (Chapter 3), this goal will be pursued with three main techniques:
1. Contain the spread of veldt grass
2. Remove small, isolated populations
3. Reduce abundance in dense infestations
Contain the Spread
The majority of the acreage of the Bayview Preserve does not support veldt grass. One
objective of veldt grass control will be preventing the spread of veldt grass to uninvaded areas.
The areal extent of veldt grass will be mapped, early in the implementation of the LOHCP.
Subsequent reconnaissance will be used to identify new infestations for eradication by hand
pulling, in hopes of preventing seeding of the exotic plant. In addition, the boundaries of dense
infestations will be maintained or decreased, where possible.
Remove small, isolated populations
To prevent their spread, small, isolated populations of veldt grass will be eliminated.
Preliminary analysis has identified eleven veldt grass patches which are smaller than 0.5 acres in
size and will therefore be subject to removal (Table 5-6; Figure 5-8b). In these patches, plants
will be hand pulled, and all inflorescences potentially containing seed removed from the
Preserve. Annual seedling removal during the spring will likely be required to successfully
eliminate veldt grass from these patches. This effort is important, however, as these currently
small patches represent foci from which large infestations could form if conditions change.
Reduce abundance in dense infestations
In the three large (>0.5 acre), dense infestations of veldt grass (Table 5-6; Figure 5-7b), the
objective of management will be to enhance native plant diversity and abundance by reducing
the abundance of veldt grass and creating conditions which inhibit its ongoing establishment and
growth. In large patches with less than 50% veldt grass, localized application of a monocot
specific herbicide (e.g. fusillade) will be used. In large patches dominated by veldt grass (>50%
cover, glyphosate will be used (Section C.3) Pre-project surveys will be used to determine the
presence of sensitive species such as the Morro shoulderband snail, and translocations used to
move snails out of treatment areas prior to herbicide application.
If removal of veldt grass does not substantially enhance native plant establishment,
particularly that of shrubs which can reduce veldt grass re-establishment, then Tier 1 and Tier 2
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techniques should be used to enhance native plant establishment, as described for Target 4.4
(Chapter 3).

Table 5-6: Veldt grass management based on initial reconnaissance at
the Bayview Preserve of the Los Osos HCP.
Management
Number Approximate
Patch Size (acres)
of
Patches Total Acres
mean
range
Goal
Remove completely 0.36
0.02 - 0.49
11
2.20
Reduce abundance
2.19
1.04 - 3.33
4
8.77
Total

10.97

Jubata grass
Stress
Jubata grass (Cortaderia jubata) has established small, isolated patches within the Bayview
Preserve. Its current distribution is limited to trails and other areas of recreation-caused
disturbance in the maritime chaparral assemblages on the southern half of the Preserve (Figure 59). As described in greater detail in Appendix C, this invasive plant spreads rapidly following
disturbance (e.g. fire) and can outcompete native shrubs and herbs within maritime chaparral and
coastal sage shrub, creating virtual monocultures.
Proposed Management
As outlined in target 4.3 (Chapter 3), jubata grass will be eradicated during the early stages of
LOHCP implementation. Adult plants will be removed through cutting (using a chain saw).
Seedlings and juveniles will be dug out using a shovel. New seedlings will be removed annually
until pampas grass has been completely eradicated.
Ice plants
Stress
Fig marigold (Carpobrotus edulis) and narrow-leaved ice plant (Conicosia pugioniformis),
two species of invasive ice plant, have become within the Bayview Preserve. Though primarily
occurring in formerly disturbed areas of the California Sagebrush-Black Sage series, fig
marigold is also found in gaps in the shrub canopy created by trails in the Morro manzanita
chaparral. As described in greater detail in Appendix C, these invasive species spread rapidly
following disturbance (e.g. fire), outcompete native shrubs and herbs, and degrade habitat for
native animals.
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Proposed Management
Patches of ice plant species will be mapped early following implementation of the LOCHP.
At that time, management projects will be devised to eliminate their occurrences within the
Bayview Preserve. Individual plants and small patches (<100m2) will be removed through
pulling, with care taken to remove all biomass from the site to prevent re-establishment. Large
patches of iceplant species will be sprayed using glyphosate. Care will be taken to remove
biomass and prevent establishment of annual grasses in the treated areas. Due to their current
moderate distribution and abundance, and ability to re-establish vegetatively following removal
efforts, multiple years of removal effort will likely be required to attain this goal (Section C.3).
European Annuals
Stress
The Bayview Preserve contains several European annual grasses, the most invasive of which
are wild oats (Avena sp.), rip-gut brome (Bromus diandrus), and red brome (B. madritensis ssp.
rubens). These species appear to be primarily restricted to areas of recent or historic soil
disturbance caused by recreation, with the densest infestations occurring along the Old
Broderson Road corridor on the western border of the Preserve. Fire, soil disturbances, and
management techniques that enhance nutrient availability could all facilitate the invasion and
spread of annual grasses into other areas of the Preserve. European annual grasses and forbs
compete with native plants, degrade habitat for native animals, and can increase the frequency of
fire, thus converting shrublands to grasslands (Section C.2).
Proposed Management
Management in the Bayview Preserve will be designed to control European annual grasses.
Preliminary observations indicate that these species occur with a limited distribution and at
relatively low to moderate abundance within the Preserve. Despite this, complete eradication
would likely be infeasible unless sustained management is focused on these species, which are
ubiquitous and thus will likely reinvade the Preserve.
Early following implementation of the LOHCP, the distribution and relative abundance of
these species will be mapped as part of the exotic plant inventory to inform specific management
projects to attain the following targets for European annual grasses:
1. Contain their spread
2. Remove small or isolated patches
3. Reduce their cover in dense infestations and therefore their impacts on native species
Due to their current limited distribution and abundance, European annual grasses can be
removed through hand pulling. In dense infestations, limited application of a monocot-specific
herbicide (e.g. fusilade) will be used, following steps to avoid impacts to sensitive species
(Section C.3). As with all management in the LOHCP, treatments will be conducted using
experimental management, in which the abundance and richness of native and exotic plants are
measured before and after management is conducted, to evaluate treatment effectiveness.
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Ornamental Plants
Stress
In the northern portion of the Bayview Preserve, adjacent to Highland Drive, there are
several species of ornamental plants, including non-native pines and agaves. These plants were
either deliberately planted by residents of the nearby homes, or escaped from plantings in their
yards. The current limited abundance of these plants renders their impacts on native species
minimal. However, changes in conditions could facilitate their spread and thus impacts (Section
C.2).
Proposed Management
As outlined in Management Target 4.1 (Chapter 3), ornamental plants will be eradicated
during the early stages of LOHCP implementation. Given their limited distribution and
abundance and proximity to homes, ornamental plants will be removed using appropriate
physical methods such as cutting and pulling.
5.4.2 RECREATION
Stress
The Bayview Preserve has been subject to a variety of recreational uses, including:
• Off highway vehicle riding, both by motorcycles and four wheeled vehicles (quads,
jeeps)
• horseback riding
• dog walking
• hiking
As with other disturbances, recreation use impacts are a function of many complex and
interacting factors, including the characteristics of the recreational use and the habitat in which it
occurs (Section D.1). In general, the impacts of recreation are proportional to the intensity of the
recreation, with off highway vehicles (OHVs) having greater impacts than equestrians which
have greater impacts than pedestrians. However, all types of recreation cause disturbance, which
removes native plant cover, reduces habitat available to native animals, causes erosion, and
enhances the invasion and spread of exotic plants (Section D.1).
Unregulated recreational use over several decades has resulted in a network trails throughout
the Bayview Preserve which total more than seven miles in length (Figure 5-10a). These trails
were neither planned nor constructed in such a way as to reduce the need for maintenance and
associated costs due to recreation on sandy soils (USDA 1984). As a result, gullying and rilling
have caused substantial erosion, especially on long, straight trail segments with moderate to large
grades. These trail segments channel water which erodes the trail bed. Eroded trail segments are
especially common on the southern portion of the Preserve, where the slope is greater.
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The trails were also not planned or constructed in consideration of the sensitive species and
communities of the Baywood Fine Sands. As a result, they traverse sensitive habitats supporting
endangered species populations. In the maritime chaparral community, recreational users
maintain the trail by actively cutting shrubs such as Morro manzanita and Indian Knob
mountainbalm. In areas lacking dense shrub cover, trails become excessively wide, with several
trail segments in coastal sage scrub exceeding 30 feet in width.
In addition to trails, there are four patches of habitat which have been highly disturbed by
‘arena’ recreational use, primarily by OHVs (Figure 5-10a). Though these areas are larger and
all but completely denuded in 1973 (Figure 5-6e), a reduction in OHV use of the area has
allowed some recolonization of the arenas by plants. Unfortunately, exotic species including
veldt grass and ice plants have colonized these areas.
Proposed Management
As outlined in Strategy 8 (Chapter 3), a coordinated recreation management program will be
developed for the entire LOHCP Preserve System in collaboration with adjacent landowners.
The goal of the program will be to minimize the negative impacts of regulated recreational use
while providing an opportunity for the public to enjoy the Preserve System. The Recreation
Management Plan will be completed following the Preserve System inventory, which will
evaluate the distribution and abundance of sensitive species. The Plan will include analysis of
the trail management considerations to site and design trails for ongoing use.
The following section outlines a preliminary plan for recreation management in the Bayview
Preserve. Recreation management will focus on two components: 1) provide limited
recreational opportunities and 2) enhance areas degraded by prior recreational use.
Provide Limited Recreation Opportunities
The LOHCP Preserve System was created for conservation of sensitive species and
communities. Despite the impacts of historical, unlawful recreational use, providing limited
recreational access to the Bayview Preserve may facilitate the biological goals and objectives of
the LOHCP through several mechanisms:
1. Reducing habitat degradation associated with widespread illegal trespass within the Preserve
2. Increasing education and awareness about the sensitive biological resources of the Preserve
3. Increasing public support for the conservation goals of the Preserve and the Preserve System
To minimize the negative impacts associated with recreation, public use of the Bayview
Preserve will be narrowly limited. All arena style uses (e.g. OHV riding, paintball, etc.) will be
prohibited. Trail use will be limited to pedestrians and equestrians. To facilitate compliance
with these regulations, signs displaying interpretive information and use regulations will be
posted at a total of nine locations: five designated access points and four historical access points
which are likely to continue to be frequently accessed, at least early in the implementation of the
LOHCP (Figure 5-10b).
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Trail use will need to be carefully monitored to ensure that the impacts to sensitive species
and communities are minimized. The costs associated with this monitoring will reduce funds
available for other beneficial projects. The Preserve manager will work with local recreation
groups to encourage establishment of a trail users group, which can conduct patrols and outreach
designed to enhance compliance with trail use regulations within the Preserve (Target 8.3).
Adaptive management will be used to alter the recreation management plan, as needed, to avoid
excessive expenditures for recreation management (Section D.2).
Based on preliminary examination of the site and discussions with Bob Stafford, California
Department of Fish and Game Reserve Manager for the Bayview Preserve, it is recommended
that recreational and educational access be provided on two trails within the Preserve (Figure 510b):
1. A thoroughfare through the northern portion of the Preserve
2. An interpretive loop through the central portion of the Preserve
Northern Thoroughfare
An east-west trending trail connecting Bayview Heights Boulevard to the Old Broderson
Road will be maintained to provide a thoroughfare across the northern portion of the Preserve.
This trail will have two alternative segments on its eastern portion and thus two access points on
Bayview Heights Boulevard. It can also be accessed via three short (<350 feet) trails located at
the southern terminus of the three roads perpendicular to Highland Drive. Allowable trail use
will include that of hikers, dogs on leashes, and equestrians. Off highway vehicles and mountain
bikes will not be permitted on the trail.
The current 5,520 feet (1.05 miles) of trail will be modified to reduce maintenance needs and
enhance habitat conditions within the Preserve. The maximum total width of the east-west will
be 6 feet. A post-and-cable fence will be erected within the center of the trail to allow plants to
recolonize the area outside the designated corridor for ongoing use (Figure 5-11).
Because frequent equestrian use creates conditions that are very uncomfortable for pedestrian
use in the sand soil, separate corridors will be created for equestrian use and pedestrian use. The
6 foot trail corridor will be divided into two strips: 1) a 4 foot equestrian strip, and 2) a 2 foot
pedestrian strip. Post and cable fences (Figure 5-11) will be erected on the outside of the
equestrian corridor, to prevent widening by trampling of the adjacent vegetation, and between
the equestrian and pedestrian corridors. The outboard border of the pedestrian corridor will not
be fenced unless the trail is observed to expand.
Monitoring and maintenance will be used to ensure the trail meets the following minimum
performance standards:
1. Trail width no greater than 6m along the length of the trail
2. Trail depth due to incision no greater than 50 cm
3. No invasive exotic plant species present on the trail or within 10m of the trail corridor
that are not found within the adjacent, interior habitat
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If these thresholds are exceeded, tiered management will be required to improve conditions. If it
is not successful, the recreation plan will need to be re-evaluated and the trails may need to be
closed completely.
Interpretive Loop Trail
The Bayview Preserve Recreation Management Plan will also include the option to create
and maintain an interpretive loop trail. Accessed via the Northern Thoroughfare as well, this
proposed loop trail would provide pedestrian access to the central portion of the Preserve, and
thus the maritime chaparral, live oak woodland, and Bishop pine communities. Through an
interpretive brochure and/or permanent interpretive plaques, the trail will provide natural history
information about the Baywood Fine sands communities and the region.
The interpretive loop trail will be designed during creation of the Recreation Management
Plan, following completion of the Preserve System inventory. Preliminarily, it is recommended
that the trail have a maximum length of 0.75 miles and maximum width of 3 feet. Though the
use of pre-existing trail segments should be evaluated, it is likely that maintenance costs and
damage to the habitat will be reduced over the long term through locating, designing, and
installing a new trail which will experience reduced erosion. The new trail will traverse the
slope, have a minimum grade, and include switchbacks and water bars where needed to prevent
continuous runoff and gullying.
Enhance Areas Degraded by Recreational Use
As described Strategy 9 (Chapter 3), a key component of management in the LOHCP
Preserve System is to enhance the distribution and abundance of the sensitive species and
communities of the Baywood Fine Sands by restoring areas degraded by historical recreational
use. In the Bayview Preserve, over 31,000 feet or nearly 6 miles of trails will be closed.
Assuming an average trail width of 5 feet, closure of these trail segments has the potential to
restore over 6.5 acres of habitat.
The first essential step to enhancing habitat degraded by recreational use will be eliminating
or at least greatly reducing the frequency of use on closed trails. A stepped up approach will be
used to facilitate compliance with trail closure:
1. Post interpretive signs that provide the rationale for trail closure (e.g. the role of the
Preserve in conservation), and direct the public to legal recreation opportunities.
2. Create small impediments to deter entry at former access points (e.g. fencing that will not
obstruct wildlife movement)
3. Conduct targeted outreach to user groups, through presentations, direct mailing to
neighborhoods, and on-Preserve education, etc.
4. Erect more permanent barriers, including fencing
5. Enlist the help of law enforcement officials
Following reduction of recreational use in closed areas, a tiered approach will be used to
facilitate natural recolonization by native plants (Target 8.1-Chapter 3). It is anticipated that
native plants will readily recolonize much of the disturbed area within current trail corridors
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following removal of ongoing disturbance. If native plant establishment is low, first tier
management will be to remove the impediments to such establishment. The two greatest
impediments on decommissioned trails are likely to be erosion and exotic plant competition
(Table 5-7).
It is estimated that approximately one quarter of the trail length or 1.5 miles of trails will
require some form of active erosion control for plants to successfully recolonize the trail
corridors. Trail segments that will likely require such erosion control are those that are
perpendicular to the slope (i.e. trend north-south). Most evidence of erosion associated with
such trails is observed in the southern portion of the Preserve, though some portions of trails near
Highland Drive have also experienced downcutting. These areas may require installation of
water bars, willow wattles, or hay bales at regular intervals to trap sediment and break up water
flow, or manual recontouring to alter the drainage. Such erosion control will likely be needed to
prevent ongoing downcutting (gullying) that could occur even after the trails are closed as they
will continue to channel water.

Table 5-7: Summary of anticipated management required to enhance
habitat on closed trails within the Bayview Preserve.
Estimated
Management
Trail Length (miles) Acrea (acres)¹
conduct erosion control
1.5
0.91
remove invasive exotic plants (total)
5.81
3.52
2.14
open canopy communities
1.30
closed canopy communities
3.67
2.22
active revegetation
0.5
0.30
¹ Estimated acreage assumes a mean trail width of 5 feet

Exotic plants that colonize the trail corridor will need to be removed to facilitate
enhancement of habitat in closed trails. Given the proximity of exotic plants (e.g. veldt grass and
iceplants) within the open canopy communities (i.e. California Sagebrush-Black Sage, Morro
manzanita-California Sagebrush, and Morro manzanita-Wedgeleaf Ceanothus), it is estimated
that that 100% of the total 2.14 miles of trail in this area will require some exotic plant removal
treatments to facilitate native plant establishment. Disturbances within the closed canopy
communities can similarly enhance invasion of exotic plants. Due to the reduced likelihood of
colonization, however, it is estimated that only 75% of the length of these trail segments or 3.67
miles will require exotic plant removal treatments. Assuming the trails average 5 feet in width,
exotic plant removal will likely be required on 3.5 acres of habitat created by closing trails
(Table 5-7).
Rather than actively revegetating trails, the goal of management will be to re-establish native
community structure and composition on former trails by removing the stresses which might
prevent natural recolonization, including ongoing disturbance, erosion, and exotic plants. If
monitoring reveals, however, that native plants are not recolonizing closed trails even after these
stresses are removed, some form of active revegetation may be required (Technique 9.1.3
Chapter 3). This is thought to be unlikely, as many native plants of the Baywood Fine Sands are
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disturbance-adapted and are hypothesized to readily recolonize the trails in the absence of
ongoing, frequent disturbance, erosion, and exotic plants. However, as a contingency, funds
should be set aside to actively revegetate 0.5 miles of trail or 0.3 acres (based on five foot
average width; Table 5-7).
5.4.3 WILDFIRE
Stress
Due to its proximity to homes and frequency of recreational use, there is the potential for
human-caused wildfire. Ignition sources within the Preserve may include smoking, OHV riding,
campfires, fireworks, or playing with fire. Adjacent to the Preserve, a wildfire could be ignited
by cars, small engines (e.g. lawnmowers, weed-eaters), power lines, or wood burning stoves,
among other ignition sources.
Wildfires caused by accidental ignition or arson can negatively impact sensitive species and
communities within the Bayview Preserve directly, by killing individuals, and in some cases
indirectly, by creating conditions unfavorable for their re-establishment. Though many of the
plants and animals of the Baywood Fine Sands are likely adapted to fire, unnatural aspects of a
wildfire could reduce or preclude its beneficial effects, including its intensity (too high or too
low), season (winter or spring), and return interval (too soon after previous fire). Excessive soil
erosion and the invasion and spread of exotic plant species resulting from a large wildfire could
also reduce the ability of sensitive species to re-establish persisting populations following a
wildfire and alter community composition and functions (Appendix E).
Proposed Management
As described in Strategy 9 (Chapter 3), a Wildfire Management Plan (WMP) will be
developed for each the LOHCP Preserve. The WMP will be created following completion of the
Preserve System inventory to incorporate critical information about the distribution and
abundance of sensitive species populations. The WMP will also be developed in consultation
with the fire prevention agencies, including the local fire district and the California Department
of Forestry and Fire Protection (CDF), to incorporate their strategy for suppression in the region.
The components of wildfire management outlined in the following sections provide a starting
point for preparation of a WMP for the Bayview Preserve.
Wildfire management includes three main elements: 1) prevention, 2) suppression, and 3)
recovery.
Fire Prevention
Management to prevent fire will include efforts to reduce the likelihood of ignition within the
Preserve and developments adjacent to the Preserve. Signage posted at the nine points through
which people commonly access the Preserve (Figure 5-10b) will inform the public of the severe
fire danger within the habitat, and the regulations prohibiting all activities which could cause
ignition.
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Outreach will be used to reduce the risk of fire in the adjacent developments. In
collaboration with local fire departments, informational materials will be developed and
distributed to homeowners to inform them of the steps they can take to reduce the likelihood of
an inadvertent ignition.
To reduce the likelihood that a fire in the development along Highland Drive would spread to
the Bayview Preserve, a shaded fuel break will be created and maintained north of the Northern
Thoroughfare trail (Figure 5-11b). The goal of fuel management within this 11.05 acre area will
be to maintain discontinuous cover of primarily low flammability fuels so as to reduce the
likelihood and rate of fire spread. Consistent with the biological goal of maintaining a patch
mosaic of communities in different successional stages within each Preserve (Chapter 2), the
shaded fuel break will be managed to maintain early successional conditions with the Coastal
Sagebrush-Black Sage series.
As with other management projects, design and implementation of the shaded fuel break will
follow completion of the Preserve System inventory, which will aid avoidance of sensitive
species populations and provide other information to inform project design. In addition, plant
community composition and structure within the shaded fuel break will be designed with
reference to that within early successional Coastal Sagebrush-Black Sage series, the
characteristics of which will be determined following quantitative analysis of the plant
associations (Technique 2.1.1 Chapter 3). Based on preliminary sites assessment, Table 5-8
specifies draft characteristics of the shaded fuel break and outlines likely management that will
be required to achieve the target conditions.

Table 5-8: Draft target plant community structure conditions for the shaded fuel
break on the northern border of the Bayview Preserve.
Target
Conditions
Management Need
Structure Component
Tree Cover
0% remove ornamental pines
Sclerophyllous shrub cover
<5% remove dead C. cuneatus
remove dead and thin live A. californica,
non-sclerophyllous shrub cover
<20% E. ericoides, S. mellifera,
grass cover (incl. veldt grass)
<5% remove veldt grass
herbaceous forb cover
<30% remove C. pugioniformis and C. edulis
total plant cover
<50% see above
No sensitive plant species, regardless of their habit, will be removed in order to attain the
target conditions. In addition, portions of the region found to currently support populations of
Morro shoulderband snail will not be managed for fuels except as part of experiments or
experimental management which specifically evaluate the effects of such treatments on the
endangered mollusks populations.
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Fire Suppression
The Wildfire Management Plan for the Preserve System should indicate the plan of action
once a fire is detected—or the fire suppression strategy. Given the threats to human health and
property and the sensitive species that they pose, wildfires will not be able to burn uncontrolled,
and instead local fire departments will need to initiate suppression activities. Many common
techniques used to suppress wildfire can be more damaging to the sensitive species and
communities than the fire itself. These may include bulldozed firelines, chemical retardants,
removal of vegetation using chain saws, among others. Creating roads to facilitate such
suppression would very likely facilitate the invasion and spread of aggressive exotic plants,
including veldt grass, jubata grass, and iceplants (Merriam et al. in prep). Development of the
suppression strategy within the WMP should consider the likely effects of suppression activities
on the sensitive species and communities of the Baywood Fine Sands.
Given the negative impacts of some suppression activities, containment, rather than
suppression, might be a more appropriate goal for some portions of the Preserve. By integrating
information from the Preserve inventory about the sensitive species populations and other
characteristics that would influence suppression activities, the WMP will break up the Bayview
Preserve into a series of fire management compartments: areas within which similar fire
suppression activities are prescribed. For example, an area lacking sensitive species populations
might be designated as a containment zone, which would be separated from the adjacent
suppression zone which supports the Morro shoulderband snail.
The goal of suppression within the Bayview Preserve should be controlling the fire with the
least amount of long term damage to the sensitive species and communities. Potential
components of the suppression strategy for the Bayview Preserve could include:
• Aerial firefighting, with airdrops of water rather than chemical retardants
• Use the Northern Thoroughfare trail as a fire road through which service vehicles could
access the Preserve and prevent fire spread to structures to the north
• Containment of fire with handcrews and rather than heavy equipment
• Containment by placement of control lines outside of ecologically sensitive areas (e.g.
sensitive species populations)
Fire Recovery
The WMP will specify management strategies designed to recover habitat conditions
following a large wildfire. These will include:
• Preventing establishment of invasive plant populations
• Monitoring effects of the fire on sensitive species populations and their recovery
• Evaluating the need for Tier 1 (e.g. erosion control) and Tier 2 management (e.g. active
revegetation, translocation of sensitive animal populations)
It will also specify common post-fire recovery practices that should be avoided as they are
inappropriate for the Bayview Preserve, such as:
• Seeding annual grasses (incl. sterile cultivars) to control erosion
• Removing snags or other burned biomass
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•

Maintaining firelines created during suppression for use as future as fire breaks

5.4.4 FIRE EXCLUSION
Stress
The suppression of natural wildfires within the Los Osos Region will, over time, create
homogeneous, late successional conditions within the Baywood Fine Soil communities. In the
absence of fire, the density of woody vegetation will increase, thus reducing the open habitat
required by many native plants and animals. The exclusion of fire may also threaten persistence
of Morro manzanita and other plant species that require fire for population regeneration
(Appendix B).
As a result, management to simulate the natural fire regime will be required to attain many of
the biological goals and objectives of the LOHCP (Chapter 2). Additional research and
experimental management will be needed to determine the characteristics of fire management in
the Bayview Preserve. For example, the return interval for fire in the system is unknown, so it is
unclear at what point in the future fire management should be initiated. Populations of Indian
Knob mountainbalm with the Preserve are very small, likely as a result of declines over a period
of succession. Many Ceanothus cuneatus are also senescent. However, there is no sign of
senescence in Morro manzanita, which may fail to regenerate at sufficient densities following
fire if the return interval between disturbances is too short.
Proposed Management
As described in Target 11.1 (Chapter 3), research and experimental management will be
used to fill the current gaps in knowledge necessary to inform fire management in the LOHCP
Preserve System. Owing to its size and variety of habitat conditions, the Bayview Preserve is an
ideal site within which such experimental research could be conducted. More information about
the types of research projects and their implementation which are needed is provided in
Appendix A and Appendix E.
Once research has generated the information needed to inform fire management at the
landscape scale, fire management projects will be designed for the Bayview Preserve to facilitate
the biological goals and objectives of the LOHCP including:
• Create early successional conditions required by the Morro Bay kangaroo rat
• Enhance population persistence of Morro manzanita by facilitating regeneration
• Increase the distribution and abundance of Indian Knob mountainbalm
• Maintain a mosaic of communities that naturally occur on the Baywood Fine Sands
Projects will be designed to avoid negative impacts to populations of Morro shouldberband,
splitting yarn lichen, and other sensitive species found during the Preserve inventory. This will
be facilitated by creating specific management zones—areas of the Preserve for which specific
biological goals and objectives are created to balance potentially conflicting goals.
Adaptive Management and Monitoring Plan for the LOHCP Preserve System

5-23

J.M. McGraw

Bayview Preserve

5.5 MANAGEMENT PRIORITIZATION
Due to the numerous stresses impacting the sensitive species and communities within the
Bayview Preserve and its large size, the costs of proactive management will be high. To
maximize the effective use of management funds, management projects will be prioritized
through consideration of the following criteria:
1. The need of the conservation target(s) management is designed to benefit
2. The per dollar benefit of the project
3. The opportunity cost associated with delaying or omitting the project
The precise prioritization scheme and associated budget for management within the Bayview
Preserve should be developed following the Preserve System inventory, which will provide more
detailed information about the conservation need within and among Preserves. Though all of the
above projects will ideally be worked into the budget during the first 10 years of implementation,
the following projects should emerge as priorities if funds are limited:
1. Recreation management to reduce impacts of unlawful recreation
2. Exotic plant management to control aggressive species including veldt grass and iceplant
species
3. Research to further evaluate how to manage the sensitive species and communities of the
Baywood fine sands using fire
The land management organization, in coordination with a review team comprised of agency
representatives and members of the Los Osos Community Services District, should review
priorities and budgets for management during annual meetings.
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Figure 5-1: Location of the Bayview Preserve within the Los Osos Habitat Conservation Planning Area.

Figure 5-2: Topography of the Bayview Preserve (Map from TOPO ®).

Figure 5-3: Soils of the Bayview Preserve, as mapped by the Soil Conservation Service (USDA 1984).

Figure 5-4: Plant series of the Bayview Preserve, as mapped by Crawford Multari and Clark Associates (2004).

Figure 5-5: Morro manzanita cover classes within the Bayview Preserve, as mapped by Tyler et al. 2000.

Bayview Preserve

Figure 5-6: Aerial photographs of the Bayview Preserve taken in a) 1937, b) 1949, c) 1959, d)
1973, e) 1987, and f) 2003.
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Figure 5-7: Bayview Preserve of the Los Osos HCP, showing adjacent land use.
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a)

b)

Figure 5-8: Veldt grass (Ehrharta calycina) occurrences within the Bayview Preserve, showing
a) relative abundance (cover), and b) proposed management for each occurrence.
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Figure 5-9: Locations of jubata grass (Cortaderia jubata) within the Bayview Preserve.
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a)

b)

Figure 5-10: Bayview Preserve recreational use, showing: a) current trails and
recreational arenas, and b) trails to be managed as part of the LOHCP, and nine access
points where signs will be installed to inform the public of the use restrictions.
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Figure 5-11: Post-and-cable fence proposed to delineate trail corridors in the LOHCP
Preserves.
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APPENDIX A: SCIENTIFIC APPROACHES TO MANAGEMENT
A scientific approach to management will facilitate the conservation goals of the LOHCP by
building knowledge needed to confront the uncertainties inherent in natural lands management.
Scientific approaches will be especially valuable for several reasons, including:
1. Science can help fill the data gaps in the current understanding of aspects of the ecology
of the covered species and communities which will influence their persistence
2. Scientific studies can be used to evaluate the effectiveness of management techniques
used to attain the conservation goals
3. Scientific monitoring can help distinguish real changes in populations and communities
that necessitate conservation action from the fluctuations characteristic of natural systems
This appendix describes a scientific approach to LOHCP implementation that will enhance
effectiveness of the mitigation funds used to manage and monitor the Preserve System, as the
aspects of scientific studies that can facilitate their succession.
Introduction
Science-based knowledge will be the cornerstone of actions to attain the conservation goals
of the LOHCP. Science is the systematic pursuit of knowledge. The knowledge developed
through science can inform conservation efforts, as through the LOHCP in which the
conservation measures were developed through consideration of the information currently
available about the ecology of the species and communities of the Baywood fine sands.
Unfortunately, there is insufficient scientific information currently available to inform
management of this rare system in perpetuity.
Fortunately, the management funds of the LOHCP will provide a means for developing some
of the necessary information required to inform conservation actions. Research can be funded in
advance of and to inform management. The knowledge obtained from such studies will typically
provide hypothesis (educated guesses) as to the effect of conservation actions. At this stage, the
management actions can further advance knowledge of the system. If applied using simple
tenants of scientific inquiry, conservation actions including preserve system design and creation,
exotic plant removal, trail revegetation, and any number of other projects can be used to increase
knowledge about the system. This is advantageous not only as an academic pursuit, but because
it can enhance the effectiveness of the overall conservation program, provided the information
gained is used to refine the program, as in adaptive management.
This interplay between conservation action and science will be crucial to the success of the
LOHCP as a mechanism of conserving the native species and communities of the Baywood fine
sands in perpetuity. This point is emphasized because all too often, conservation actions (e.g.
management projects) are not implemented in such a way to allow information to be gained—
even information about the success of the management! The following sections outline the
scientific approach that will be used in implement conservation action, and how scientific
methods will be used to track their effectiveness and increase understanding of the system.
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The scientific approach of the LOHCP will utilize the basic elements of scientific inquiry to
facilitate attainment of the conservation goals and generate knowledge about the endangered
system through the following general process:
1. Goals and objectives will be articulated as questions with testable hypotheses
2. Hypotheses will be tested using inferential statistical analyses of quantitative data
collected in studies designed to answer the questions
3. Results of data analyses will be used to derive conclusions which inform the original
questions, and lead to the development of new questions and hypotheses, as needed
4. All information generated will be documented and managed to facilitate its application to
management and future study
A variety of methodologies will be used to test hypotheses developed through management
implementation.
A.1 SCIENTIFIC RESEARCH
Three main types of scientific inquiry will be distinguished for purposes of this document:
observational studies, experimental manipulations, and adaptive management. While all three
approaches are based in the scientific method and can incorporate assessments of patterns and/or
processes using inferential statistics, they differ in important ways that will determine their
ultimate utility in these projects.
Observational Studies
In observational studies, aspects of a system are measured through carefully designed
sampling protocols designed to enhance understanding of the system. Two main types of
observation studies will be used in the LOHCP: 1) correlational studies, and 2) monitoring.
Correlational studies are observational studies designed to determine whether a given variable
(e.g. Morro shoulderband snail density) is correlated with one or more factors (e.g. litter depth).
Because correlation cannot be used to infer causation (e.g. litter cannot be said to cause the
observed pattern of snail density), observational studies cannot always be used to inform
management (i.e. adding/removing litter etc.); hence the need for manipulative experiments.
When conducted at a single point in time (i.e. a single field season, or day), observational studies
take a “snap shot” of the system. When the same methodology is employed repeatedly, an
observational study can be used to detect changes, and therefore allow monitoring of the system.
Experiments
In manipulative experiments, one or more factors hypothesized to affect the system are
actively manipulated through carefully designed treatments that allow causation to be inferred.
In management, experiments can be used to test hypotheses for the effectiveness of management
treatments generated based on observational studies, and/or test the relative effectiveness of two
or more potential management techniques. For example, an observational study could be used to
determine the habitat characteristics associated with the distribution and population density of
Morro shoulderband snails. Manipulative experiments could then be used to create the
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conditions positively correlated with snail density, and determine whether snails inhabit and
increase in population density in the treated areas (relative to untreated controls). If so, the
hypothesis would be supported and the effectiveness of the technique at larger spatial scales
could then be evaluated using adaptive management.
Experimental Management
Experimental management, including adaptive management, is a mechanism of ‘learning
through doing’ management (Lee 1999, Elzinga et al. 2001) by incorporating the basic
components of scientific experiments in the implementation of management. Like small scale
experiments, adaptive management involves applying a treatment (in this case, the management)
and evaluating its effectiveness through the use of quantitative data to increase understanding of
the system and inform future work.
Within the scientific approach proposed for the LOHCP, management will typically differ
from experimentation in that:
1. management is implemented at larger spatial scales (e.g. acres rather than test plots)
2. a single treatment (or group of collective treatments) is applied and evaluated, rather than
multiple, potential treatments compared in experiments, and
3. there is greater certainty in the effectiveness of management treatments and that they
pose little risk of unanticipated negative impacts to the system (if not, small scale
experiments should be used first to evaluate treatments!)
A.2 A SCIENTIFIC PROCESS
Using science to inform and enhance effectiveness of management will require a coordinated
series of iterative steps, each of which builds upon the knowledge provided from the first. One
common sequence follows the progression: observational studyÆexperimentÆmanagement. In
this progression, patterns detected trough observational study are used to generate hypotheses
about the system which are tested through experiments, the results of which inform management
that is then monitored using adaptive management procedures to evaluate effectiveness (Figure
1-2, included here).
The first step in informing management will depend on the availability of prior information
about the system which could be used develop hypotheses, For example, previous research has
already resulted in new hypotheses for treatments to enhance Morro manzanita regeneration
(Tyler et al. 2000). Therefore, the relative effectiveness of manual vegetation removal and fire
could be tested using a small-scale experiment prior to management. In contrast, very little is
known about the ecological factors affecting the populations of splitting yarn lichen; therefore,
research to inform management should begin with an observational study. In cases where small
scale experiments may not be feasible, as when examining the effects of trail closure on native
plant recolonization, adaptive management should be used to examine the effects of management
implemented only if the treatments have a high probability of success, based on knowledge of
the ecology of the system, are not excessively costly, and have only a small chance of having
negative impacts.

Adaptive Management and Monitoring Plan for the LOHCP Preserve System

A-3

J.M. McGraw

Scientific Approaches to Management

No

Have hypotheses for management
treatments been developed based on prior
knowledge of the ecology of the system?

Yes
Has the effectiveness of the
management treatment been established
through experimental trials?

Yes

No

Is small-scale experimentation feasible?

No
Yes
Conduct an observational
study to develop hypotheses
for potential management
treatments

Conduct a small scale
manipulative experiment to
test hypothesized treatment
effects

Implement adaptive
management to evaluate
effectiveness

Figure 1-2: Decision tree used to design and implement management in the LOHCP.

A.3 ESSENTIAL ATTRIBUTES OF SCIENTIFIC STUDIES
Within the broad categories described above, scientific studies used in the LOHCP will differ
depending on the questions they seek to answer. However, the scientific studies should have the
following components which are crucial to generating accurate results and new information
(Hurlbert 1984, Hairston 1989).
1. questions and testable hypotheses
3. a sufficient number of randomly chosen replicates
4. controls (for experiments)
5. quantitative data collection
6. statistical analyses (where appropriate)
Questions and Testable Hypotheses
Though it may seem trivial, it is worth emphasizing that all studies (incl. management
projects) implemented as part of the LOHCP should begin with clearly articulated questions,
which are used to determine all other elements of the project. In the absence of specific
questions, precious management and monitoring funds are often used to collect data which
cannot be used because the methods did not match the intent of the study.
Virtually all conservation goals and objectives can be translated into questions for purposes
of scientific study. While the general management question is more general, the management
project research question should be very detailed and specific. Table 1 contains examples of
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how general management related questions can be transformed into questions from which
testable hypotheses can be developed. The management study questions contain important
elements that the general question does not, including: 1) the universe of interest (i.e. the
specific sites or communities to which the question pertains) and 2) the quantitative variables to
be measured (e.g. native plant cover and species richness).
Table A-1: Management study questions that can be derived from general management
questions for the three types of studies to be implemented in the LOHCP.
Study Type
General Management Question
Management Study Question
Observational
Is fire important to maintaining
Is native species diversity (plants, insects,
study
native biodiversity within the
mammals, etc.) negatively correlated with
communities of the Baywood fine the time since last fire in coastal sage scrub
sands?
and central maritime chaparral?
Experiment
What methods can be used to
What are the effects of fire and mechanical
enhance native biodiversity in the vegetation clearing on Morro manzanita
communities of the Baywood fine seedling establishment, and the cover and
sands?
species richness of native plants in long
unburned stands? Do the community types
(e.g. Morro manzanita chaparral, Morro
manzanita-coast live oak, etc.) differ in their
response? Do preserve areas differ in their
response?
Adaptive
Will prescription burns attain the Within ten years of prescription fire, do
management
LOHCP goal of increasing native burned areas have the following
plant diversity and cover and
characteristics relative to unburned areas:
facilitating regeneration of Morro • 125% of the mean species diversity
manzanita?
• equal proportion of native plant cover
• a sufficient population of subadult Morro
manzanita to equal or exceed the
senescing population in unburned areas

Hypotheses should directly relate to the questions, be specific, have quantitative criteria as
needed, and be testable. In the case of the management study questions in table 1, the explicit
nature of the questions provides a basis for detailed hypotheses.
Replication
In observational studies and experiments, data must be collected from multiple, independent
locations, or ‘replicates’. This is essential because the system will vary, such that conditions
observed in a single area might not be representative of the larger system. In addition, inferential
statistical analyses used to test hypotheses are based on probability theory, which relates the
magnitude of differences observed to the variability of the multiple observations to evaluate the
likelihood that the differences could result from chance alone. To use inferential statistics, it is
essential that multiple, independent, randomly chosen replicates be used to test hypotheses.
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Multiple Replicates: Just as no one would characterize the proportion of the human
population that has brown eyes based on a single individual, the effectiveness of proposed
management treatments cannot be examined in just one location in one wants to apply
management more broadly. Though the number of plots is often constrained by the logistical
aspects of the study, as many replicates as possible should be established and ideally, at least
five would always be possible.
Independent Replicates: Just as no one would characterize the proportion of the human
population that has brown eyes by examining a single family, replicates within ecological
studies must be independent, in that they should be representative of the entire population
(study area, etc.) and not likely to influence one another.
Random Replicates: Replicate plots or study areas should be chosen randomly, in order for
inferential statistical analyses to be used. Though it is tempting to choose representative
areas, doing so interjects bias, prevents statistical analyses, and greatly reduces the
effectiveness of the study. All replicates should be randomly chosen from those in the
universe of interest—the system to which the results of the study are meant to be applied. If
replicates are only located in Morro manzanita chaparral areas invaded by veldt grass at the
Bayview site, then that is the only area to which results of the study can confidently be
applied. If the study is meant to incorporate a larger universe of interest (all plant
communities, uninvaded and invaded areas, and/or all sites of the preserve system), then
replicates should be randomly located throughout these areas.
Controls
To evaluate the effectiveness of treatments in experiments and adaptive management, treated
areas must be compared to proper controls. Most often this consists of replicate untreated plots,
randomly chosen and independent just as with treatment areas. Occasionally, procedural
controls are necessary to gauge treatment effects. For example, to evaluate the effects of
spraying a water-based herbicide on an area infested by veldt grass, a control plot would receive
no herbicide, while a procedural control plot might receive the same amount of water as was
applied to the herbicide treatment plot.
Comparing treatment area traits before and then application of the treatment is generally not
sufficient for gauging its effects, as measured changes may not have resulted from the treatment
per se, but simply occurred during the intervening period. This is not to say that “before” data
are not valuable, as documenting the condition of the system prior to treatment is necessary
(Hairston 1989), simply not sufficient.
Quantitative Data Collection
Whenever possible and appropriate, management studies should collect quantitative data,
which can be analyzed using many types of inferential statistics. Many other types of data will
also be extremely valuable, including species lists, presence/absence data for species or
attributes, etc. Studies should avoid using ordinal scale data, in which the order of values is clear
yet there is no set quantity between the values. For example, rather than counting the density of
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snails in a quadrat, one might simply assign three levels, high, medium, and low density. These
classes could be represented by 3, 2, and 1 respectively; however, these pseudo-quantitative data
cannot be readily analyzed and are difficult to interpret.
Statistical Analyses
Management studies in the LOHCP should utilize statistical analyses, wherever possible.
Observations alone cannot be relied upon to attain the conservation goals of the LOHCP, as they
lack the precision and repeatability necessary to evaluate effectiveness and track changes.
Descriptive statistics, in which data are organized and summarized for visual examination will be
a necessary step in most studies, however descriptive statistics will often not be sufficient. In
order to devise management and document its effects, the LOHCP will require the use of
inferential statistics: specific tests based on probability theory that will allow managers to infer
aspects of the system based on sampling, where sampling is conducted as part of the
observational study (incl. monitoring), an experiment, or experimental management as part of
adaptive management. It is beyond the scope of this appendix to describe the specific types of
statistical tests that will be needed and managers will need to refer to other texts for this
information (Winer et al. 1991, Zar 1996, Underwood 1997, Nyberg 1998, Dytham 1999).
A.4 CONSIDERATIONS IN DESIGNING RESEARCH TO INFORM MANAGEMENT
Ex situ vs. In situ Research
The ability of research to directly inform management may depend in part on whether it was
conducted in situ (in the field) or ex situ, such as in a green house, laboratory, or common
garden. Typically there is a trade off between ex situ and in situ research. Ex situ research:
1. allows greater control over the system and thus more precise results
2. can be more conducive to experiments manipulating several factors in combination
3. is more protected from vandalism or dramatic natural events (i.e. floods etc.).
In contrast, research conducted in situ can be influenced by variability in rainfall, herbivory,
pathogens, soil heterogeneity, plant assemblage mosaics, and disturbances. In many cases, this
environmental heterogeneity can create within treatment variability or “noise” which can make it
more difficult to detect significant differences when testing hypotheses. Though ‘noise’ can be
the bane of researchers hoping to isolate a significant effect for purposes of publishing
interesting research results, environmental variation is the reality in ecological land management
and research to inform management should embrace it.
Studies designed to directly inform management should be conducted in situ or incorporate a
field component whenever possible. This is simply because treatments may have different
effects when applied in the field than observed in controlled situations, due to a variety of
indirect mechanisms and feedbacks which might occur in the field but not in a controlled facility.
For example, a greenhouse experiment may show that veldt grass does not reduce survivorship
of Morro manzanita seedlings ex situ while a removal experiment in situ might find strong
competitive effects on the rare plant. This would not be surprising, as environmental conditions
(e.g. resources, herbivores, etc.) can fundamentally alter the outcome of competition.
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Management techniques based solely on ex situ research should be carefully evaluated in situ
before widespread application, due to the potential for environmental factors to fundamentally
alter treatment effects.
Spatial Scales
The spatial scale at which treatments are applied can influence their effects. Typically,
experimental treatments are applied over smaller areas (i.e. 10m x 10m test plot) than at which
the management project would be conducted (i.e. several acres). Great dependence on spatial
scale has been revealed in ecology for a variety of patterns (i.e. species diversity) and processes
(herbivory, dispersal, etc.). Concern that treatments proven effective at small spatial scales
might not be effective at the management scale (‘scale up’) is one reason why all management
should be monitored as if it were an experiment.
Conversely, treatments concluded to ineffective or even deleterious at small spatial scales
might be effective when applied at the scale of actual management. For example, recolonization
of jubata grass seedlings following experimental examination of removal treatments might
suggest that attempts to eradicate the exotic grass would be futile. However, application
treatments at the management scale, which would be the entire infestation, could be successful,
as they would remove the opportunity for continued dispersal from adjacent areas.
Efforts to determine how results might scale up can be facilitated by development of a
hypothetical model for the mechanisms that influence treatment effects. The model should
incorporate both direct and indirect mechanisms which can function over long and short time
scales.
Long term vs. Short Term Effects
When using experimental research and experimental or adaptive management approaches to
evaluating success, it is essential that the appropriate time period be used to monitor effects.
Incorrect conclusions can result particularly when effects are not monitored for a sufficient
period of time post-treatment. For example, prescription fire could greatly reduce veldt grass
cover in the first year after burn, yet five years later, the treatment area could exhibit a dramatic
increase in veldt grass. Though fire directly reduced veldt grass cover, it created conditions
more amenable to its spread. In contrast, fire could be deemed to have large negative
consequences for Morro shoulderband snail populations which might be extirpated after a burn;
however, ten years post treatment, the site might have larger populations than were present
originally and are found in unburned areas, owing to increased quality of habitat due to the burn.
Difference in short and long term effects are often the result of direct and indirect mechanisms at
play, as described below.
Direct and Indirect Effects
As a result of the interconnected networks that characterize ecological systems, direct effects
of treatments can often result in potential cascading indirect effects. The effective management
of rare systems such the Baywood fine sand communities requires careful consideration of
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potential indirect effects along with the direct effects. For example, management designed to
enhance native plant community structure directly by removing competition from exotic trees,
might indirectly facilitate the invasion and spread of exotic plants adapted to higher light
conditions, including veldt grass. Inclusion of the potential for this indirect effect in the
hypothetical model at the beginning of the adaptive management process allows the necessary
precautions to be taken to avert it. In some cases, the indirect effect of management is actually
the desired effect. For example, prescription fire might be designed to indirectly facilitate early
successional plants and animals, by directly removing native shrubs and trees.
It is often the case direct and indirect effects will have both positive and negative effects on
different components of the system, and that these may change depending on the temporal scale
evaluated. For example, prescription fire in central maritime chaparral would directly negatively
impact adult Morro manzanita in the short term, but indirectly positively enhance the population
by promoting seedling establishment necessary for long term persistence. These same fires
could directly negatively impact Morro shoulderband snail populations through mortality in the
short term (i.e. due to incineration), and have uncertain indirect effects on populations,
depending on its recolonization ability and the nature of post-fire conditions as habitat. This
complexity may present conflicts which must be resolved by creating separate management
units, as needed (Chapter 1).
A.5 MONITORING
Monitoring will play a crucial role in the implementation of the Adaptive Management and
Monitoring Plan. As described above, monitoring will be essential for evaluating the
effectiveness of specific management projects (e.g. prescription fire). It will also provide the
means for determining success toward biological goals and objectives within the Preserve
System as a whole.
Monitoring can be conducted via a variety of methods, each of which involves the systematic
observation and recording of conditions. In qualitative monitoring, characteristics of the system
are described or otherwise qualitatively documented, as through a narrative or using
photographs. In quantitative monitoring, specific quantitative variables deemed appropriate
indicators are measured repeatedly. Successful integration of both types of approaches will be
important for monitoring within the Preserve System. Quantitative monitoring will be a
particularly important tool, as it provides an objective means of discerning real and biologically
meaningful changes in the system, which can be difficult to detect through qualitative
assessments alone.
This section discusses scientific approaches to quantitative monitoring that will be useful for
enhancing the effectiveness of management. Successful monitoring requires a high level of
planning and careful attention to details during implementation.
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Quantitative Monitoring Based on Sampling
Many of the proposed biological effectiveness monitoring studies are based on sampling, in
which the state of the entire population is inferred based on statistical analysis of a random
sample from the population. Sampling can provide a cost effective and accurate means of
detecting and tracking biologically meaningful changes in the population. To be effective,
sampling studies must be carefully planned and implemented considering valid sampling
techniques, the biology of the species, and the monitoring goals and objective. Beyond the scope
of this document, sampling studies design is discussed elsewhere (Hayek and Buzas 1997,
Elzinga et al. 2001).
Monitoring Targets
Monitoring targets are the specific aspects of the system that will be examined through time
to track effectiveness. Though many of the monitoring protocols are designed to track progress
toward objectives of maintaining or increasing distribution and abundance of the covered
species, it is not always optimal to measure distribution (i.e. frequency of occurrence) or
abundance (e.g. density). This is for several reasons, including:
1. Distribution and density may be slow to change following changes in habitat conditions
which reduce population growth rates and can threaten species persistence, especially for
long-lived species such as splitting yarn lichen (Hale 1967, Nash 1996).
2. Population densities and distributions can be maintained in the absence of recruitment that is
ultimately required for persistence, such that the need for habitat management might not be
detected until it is too late (Tyler et al. 2000)
3. The distribution and abundance of narrowly distributed and/or low abundance populations
(e.g. Indian Knob mountainbalm) are not likely to change appreciable in the absence of
active management.
4. Density and distribution may not be correlated with the ability of the habitat to provide
positive population growth, as in the case where social interactions among animals cause
higher density aggregations of subordinate individuals to occupy low quality areas where
they experience low demographic performance and thus do not contribute to population
growth (Van Horne 1983)
Because of these concerns, it might be more efficacious to track progress toward the
conservation objectives by monitoring representative indicators of population performance for
the covered species. Identifying appropriate monitoring surrogates requires a high level of
understanding of the factors affecting population persistence of the endangered species. It is not
only important to know that a factor influences the species populations, but that it represents the
limit population growth and thus persistence.
For example, if it were known that Morro shoulderband snails feed exclusively on the leaves
of mock heather, it would be tempting to monitor the distribution and abundance of the easily
identifiable plant species, rather than the populations of the cryptic mollusk. However, relying
on such a surrogate as an indicator of population persistence requires knowledge or the
assumption that food availability is the limiting factor for snail populations—that is, the aspect of
the species ecology that influences its distribution and abundance. If mock heather foliage is
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abundant and snail populations are instead limited by the availability of appropriate estivation
sites, then tracking the distribution and abundance of mock heather would not be useful for
monitoring success toward the Morro shoulderband snails biological objectives.
For each of the five covered species, one conservation objective is to increase understanding
of the ecological factors that limit their distribution, abundance, and population growth and can
thus provide appropriate indicators of population persistence. Unless and until appropriate
indicators are available, it is recommended that the distribution and abundance of the species be
monitored to provide important information about the population biology. Where appropriate,
other indictors of population performance have been included to provide additional information.
Accurately Detecting Status and Trends
Regardless of what is actually being monitored, it is important that results are accurate and
generalizable to the larger system. Accuracy is the extent to which the sample results
approximate the value for the entire population, and is a function of the methods used to monitor.
Generalizability is the extent to which the sample data accurately reflect the entire population.
They are both influenced by many aspects of the monitoring methods, including the number of
samples, the method of allocating samples, and definitions of the ‘universe of interest’.
Number of Samples: All else being equal, the more samples taken, the greater accuracy of the
sample for representing the actual conditions. There are no magic numbers for accurate
sampling. Instead, the more variable the samples, the more samples required to accurately depict
a mean value and the variability around the mean.
Allocation of Samples: There are many methods of allocating samples. They fall into two
categories. As a first cut, the observer deliberately chooses samples in subjective allocation.
Most often, samples are deliberately chosen by observers who deem them likely representative of
the population. In objective allocation methods, samples are not chosen, but rather identified
using systematic or random selection methods. Systematic allocation acknowledges that there is
spatial variation within most natural systems, and that increasing coverage by systematically
allocating samples throughout the population increases accuracy and generalizability by
incorporating this variation. In random selection, all samples have equal probability of being
chosen from the population, regardless of location with respect to other samples.
Allocating samples objectively increases accuracy and generalizability compared to
subjective allocation, in which observer bias inevitably influences the outcome of the sample.
Random sampling better meets the assumption of all inferential statistical analyses that samples
are independent, and not influenced by each other as can occur in systematic sampling. Unless
maximizing spatial coverage of sampling is identified as an important objective of the
monitoring, completely random allocation of samples is recommended to maximize accuracy and
generalizability. Subjective allocation of samples should not be used (Elzinga et al. 2001).
Universe of interest: The so called ‘universe of interest’ is the specific system which sampling
is designed to represent. For example, if monitoring is designed to track the abundance of Morro
shouldberband snail within the LOHCP Preserves, then the Preserve System is the universe of
Adaptive Management and Monitoring Plan for the LOHCP Preserve System

A-11

J.M. McGraw

Scientific Approaches to Management

interest. In order for results of monitoring to be generalizable to the universe of interest, the
‘sample population’ within which samples are allocated must be the same as the universe of
interest. For example, if Morro shoulderband snail abundance was sampled only within coastal
sage scrub, as that is where it is thought to primarily occur, then the results of the monitoring
study will not apply to the entire universe of interest. If future research determines that Morro
shoulderband snails do not occur in oak and riparian woodlands, then the universe of interest
could be narrowed to areas of the Preserve System excluding those communities. Allocation of
the same number of samples within this new sample population would result in increased
precision of the abundance estimate, as there would be fewer zeros associated with sampling
woodlands.
The proposed quantitative monitoring protocols outlined in this Plan (Chapter 4) were
developed based on the principles of statistical sampling and current knowledge of the biology of
the species and communities. They should be revised based on the results of pilot studies, in
which the monitoring protocol is implemented over a short duration and its successfulness in
meeting the sampling objectives is evaluated to determine the need for changes to increase
effectiveness. As outlined in Element 1 of the Management Strategies (Chapter 3), a series of
biological inventories and research studies should be conducted to increase understanding of the
species and communities of the LOHCP Preserve System. As these studies develop new
information, it should be integrated into the monitoring program to increase efficiency and
accuracy of the monitoring.

A.6 COSTS AND BENEFITS OF USING A SCIENTIFIC APPROACH TO MANAGEMENT
Using a rigorous scientific approach to implementing management may increase up front
costs of mitigation through the LOHCP. The initial observational studies designed to inform the
need for management will require funds that will not be used to directly affect habitat conditions
in the field. Implementing small scale experiments to determine treatment effects will require a
variety of effort, and delay management projects which the research is designed to inform.
Collecting and analyzing quantitative data in adaptive management projects will require more
time and expertise than needed to implement management alone.
Critics of a rigorous approach to management point out correctly that the resources spent on
components of a scientific approach reduce the availability of funds to perform management.
What is often ignored or underestimated is the long term cost savings that can result from using
science in management. The LOHCP Preserve System is designed to facilitate the persistence of
native species and communities in perpetuity. Ongoing stresses to the system will require
continual management, the cumulative costs of which will be very high (infinitely so!).
Management funding is generated from an endowment which will make funds available
annually, yet the annual budget for potential management projects will likely exceed the funds
available. A scientific approach to informing management can reduce the long term costs by
establishing and promoting an adaptive, reflective process that continually enhances the cost
effectiveness of management through time, via a variety of related mechanisms.
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First, a scientific approach can be used to discern whether management is actually
needed. Some perceived threats, such as the presence of an exotic plant or animal, may
not actually have negative impacts on the system. It is all but impossible to objectively
determine this without conducting a study. It can be similar to detect meaningful changes
in system performance through time, from the background variation that is characteristic
of all ecological systems. For example, changes in Morro shoulderband snail population
density through time detected through monitoring may be due to natural fluctuations,
rather than a stress that will cause continued decline toward extirpation. Scientific
studies provide an objective means for detecting management need.



Once management need is identified, scientific approaches can facilitate development of
effective management techniques. Potential treatments may or may not have desired
effects. If treatments are applied without using the elements of a scientific study, it can
be difficult to detect meaningful effects, given the variation inherent in natural systems.



In most cases, there will be more than one potential management treatment. Though
multiple treatments might be effective, one alternative might be more effective than the
others. It can be difficult to detect meaningful differences between the effects of two or
more treatments without the use of statistical analyses. Over the life of the LOHCP
Preserve System, repeated use of an inferior treatment can result in costs that outweigh
those associated with using a scientific approach up front to maximize success.



Just because a certain treatment is identified as superior to others during an initial study,
does not mean that its effectiveness cannot be improved through future modifications.
By continually evaluating effects, the highly reflective, iterative process outlined here can
greatly enhance the effectiveness of management over time and ‘fine tune’ even proven
treatments.



Due to their variability in space and time, natural systems can present a ‘moving target’
for managers. The most effective management technique in one project can be less
effective, ineffective, or even harmful at another place or time. Scientific methods used
to detect these differences can be essential to maintaining effectiveness through time, and
enhance understanding of the factors that influence treatment effectiveness.



Due to the rarity of the endemic species and communities of the Baywood fine sands and
the natural complexity of ecological systems, management treatments of all types
(including ‘no management’) can pose a threat to the maintenance of native biodiversity.
Small changes that might not be apparent through simple observation may still have large
consequences. Science can provide a cautious, objective mechanism of detecting
potentially deleterious treatments, even if the magnitude of the effect is small.

Given these and other benefits of using scientific approaches to designing, implementing,
evaluating, and continually updating management, an objective cost-benefit analysis must
incorporate the opportunity cost of not using a rigorous approach, which can be extremely high.
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APPENDIX B: BIOLOGY OF COMMUNITIES AND COVERED SPECIES
This appendix synthesizes the available biological information about communities and
covered species of the Los Osos Habitat Conservation Plan in order to facilitate the design and
implementation of future research and management projects. The first section describes the
structure, species composition, and ecology of the sensitive communities that occur on the
Baywood Fine Sands in Los Osos. The following sections discuss aspects of the conservation
status, taxonomy, morphology, life history, reproductive biology, ecology, and threats to
persistence of four of the covered species. A synthesis for the Morro Bay kangaroo rat is not
included here, and instead the reader is referred to the recovery plan (USFWS 1999), which
provides a detailed synthesis of the biology and conservation of this very rare species.
B.1 BAYWOOD FINE SANDS COMMUNITIES
Goals seven of the LOHCP Preserve System is to maintain or enhance the structure and
species composition of the native plant communities (Chapter 2). Management designed to
attain this goal and its four objectives can be informed by knowledge of the biology of the
communities provided in this section, which also identifies gaps in understanding that should be
filled to facilitate management.
The upland habitats of the Los Osos region support a variety of different communities—
assemblages of organisms including plants, animals, fungi, and lichens, which co-occur in space
and time. The precise number, identity, and distribution of the communities described within a
given area will differ depending on the observer, as community classification and description is a
subjective science. In many places, the transition between community types occurs gradually,
where in certain places, there is an abrupt discontinuity between community types. These
variations can potentially reveal important aspects of the ecology of the system, including
perhaps the relationship between plant species and the abiotic environment (e.g. soils and
microclimate), between animal and plant species, and between the communities and their
disturbance history. Understanding these relationships can be crucial for effective management
to attain the goals and objectives of the LOHCP, and are discussed in the sections that follow.
Plant Community Structure and Composition
A first step in evaluating the ecology of the LOHCP communities is describing their species
composition. Though the term ‘community’ refers to all species within a given area, information
about organisms other than plants is often scarce, as is the case of the Los Osos communities. As
a result, the synthesis in this section focuses on the structure and composition of plant
communities, more accurately referred to as ‘plant assemblages’ or ‘vegetation types’.
Jones & Stokes Associates (1997) first described the plant communities in the LOHCP
region. Their descriptions were based on quantitative analysis of the plant species composition
reported separately (JSA 1996). Unfortunately, the author was not able to obtain a copy of the
report from Jones and Stokes or its client, the Land Trust of San Luis Obispo for inclusion in this
synthesis. Crawford, Multari, and Clark Associates (2004) also described and mapped the
Adaptive Management and Monitoring Plan for the LOHCP Preserve System

B-1

J.M. McGraw

Covered Species Biologies

distribution of plant communities within the LOHCP region. Their effort was based on previous
descriptions of the structure and composition of plant species, including that created by Jones
and Stokes (1997). The following descriptions of the plant communities of the dominant upland
regions of the Los Osos HCP Area were adapted from the descriptions in Chapter 2 of the Los
Osos Habitat Conservation Plan (CMCA 2004), where additional information about wetland,
riparian, grassland, and highly degraded communities can be found.
Central Maritime Chaparral
Central maritime chaparral is a type of vegetation located on the central coast of California in
areas within reach of the cool, moist maritime climate and coastal fog. Throughout its range,
central maritime chaparral is dominated by shrubs and shrub-sized trees. Species composition
varies among types of maritime chaparral, primarily in terms of the endemic manzanita species
which differ among regions. In Los Osos, the endemic Morro manzanita (Arctostaphylos
morroensis) dominates the central chaparral, with wedgeleaf ceanothus (Ceanothus cuneatus)
coast live oak (Quercus agrifolia), chamise (Adenostoma fasciculatum), and sticky
monkeyflower (Mimulus aurantiacus) providing additional shrub cover. Understory cover is
minimal, owing to the low light and high litter conditions. However, the canopy gaps support a
variety of subshrubs including mock heather (Ericameria ericoides) and deer weed (Lotus
scoparius), as well as herbs such as horkelia (Horkelia cuneata), seacliff buckwheat (Eriogonum
parviflorum), California croton (Croton californicus), and golden yarrow (Eriophyllum
confertiflorum).
Central maritime chaparral in Los Osos has been classified into three series—types of central
maritime chaparral that can be distinguished based on differences in the dominant species.
Morro Manzanita Series: Dominated by Morro manzanita, individual shrubs of which
are often tall (4-12 feet), with coast live oak, wedgeleaf ceanothus, sticky monkeyflower,
and other woody species present but less dominant.
Morro Manzanita-Wedgeleaf Ceanothus: Areas in which wedgeleaf ceanothus and
Morro manzanita are roughly co-dominant and occur as medium statured shrubs (3-6 feet
tall).
Morro Manzanita-California Sagebrush: Areas largely similar in species composition
to the California Sagebrush Series (below), yet with short (3-6 feet tall) sparsely
distributed Morro manzanita present.
Coastal Sage Scrub
Coastal sage scrub consists of predominantly medium statured shrubs in a matrix of herbs
and bare ground located near the coast of California. Shrub and subshrub cover is dominated by
mock heather, California sagebrush (Artemisia californica), black sage (Salvia mellifera),
deerweed, silver lupine (Lupinus albifrons), and coyote brush (Baccharis pilularis). The herb
layer consists of California croton, horkelia, rush rose (Helianthemum scoparium), and
California aster (Lessingia filaginifolia).
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In the Los Osos region, coastal sage scrub has been highly modified owing to land use
(agriculture, grazing), resulting in two series characterized by their level of degradation due to
exotic plants, as well three natural main series which are distinguished by the species
composition of large woody shrubs.
California Sagebrush – Black Sage Series: California sagebrush, black sage, and mock
heather dominate the 2- 5 foot tall shrub layer.
Wedgeleaf Ceanothus - California Sagebrush Series: Wedgeleaf ceanothus, California
sagebrush, and black sage dominant the 3 to 6 foot shrub canopy, with sticky
monkeyflower often present.
Coyote Brush Series: Coyote brush co-occurs and tends to dominate the 3 to 6 foot tall
shrub layer, along with California sagebrush and black sage.
California Sagebrush – Black Sage Series Disturbed: California sagebrush and black
sage occur with exotic plants including veldt grass and iceplants (Carpobrotus spp., and
Conicosia pugioniformis) present.
California Sagebrush – Black Sage Series Heavily Disturbed: Low abundance of
California sagebrush and black sage occurring with high abundance of veldt grass and
iceplants.
Woodlands
In the Los Osos region, there are three series of vegetation dominated by trees. They differ
greatly in species composition and structure.
Coast Live Oak Series: Coast live oaks dominate with understory comprised of either
herbaceous plants, or shrubs including Morro manzanita, wedgeleaf ceanothus, coffee
berry (Rhamnus californicus), and poison oak (Toxicodendron diversilobum).
Bishop Pine Series: Tree canopy dominated by bishop pine (Pinus muricata) with a
shrub understory comprised of Morro manzanita, wedgeleaf ceanothus, and sticky
monkeyflower.
Eucalyptus Series: Continuous tree canopy (20-75 feet tall) dominated by eucalyptus
(Eucalyptus spp.) with low cover of shrubs and herbs in the understory.
Plant Community Mosaic
Within the upland areas of the Los Osos region, the above described plant communities occur
as a mosaic—with each type occurring in different sized areas patchily distributed throughout the
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landscape. By no means random, the resulting patch mosaic suggests several patterns, which
may be linked to two main factors which act to influence the distribution of communities in
space and time: 1) abiotic conditions, and 2) natural and anthropogenic disturbances.
Determining the causal relationships between the plant series and these factors can be an
important asset to management designed to maintain and enhance the structure and species
composition of the native plant communities in the LOHCP Preserve System (Goal 6, Chapter
2). The ability to manipulate plant associations may also be essential to maintaining or
enhancing populations of the covered species (Goals 1-5). Presently, a predictive understanding
of plant community responses to environment and disturbance is lacking. Based on prior studies
and observations, the following hypotheses can be tested through management in the LOHCP
Preserve System.
Abiotic Factors
Abiotic (non-biological) factors that likely influence the distribution and abundance of
individual plant species, and thus the composition of plant communities within the upland
habitats of the LOHCP include: soil conditions, microtopography, and microclimate.
Soil Conditions
Soil conditions may strongly influence the distribution and abundance of plant species and
thus the occurrence of plant communities. In general, soils which are more developed and thus
have greater organic matter content have greater water holding capacity and nutrient availability,
and therefore are more likely to support dense woody vegetation, compared to poorly developed
sand soils.
The Soil Conservation Service survey of Los Osos identified only two main soil types within
the Preserve System: Santa Lucia shaly clay loam, which cover less than 1% of the LOHCP
Area, and Bayview fine sands, which covers the remaining acreage (USDA 1984). Santa Lucia
shaly clay loam is derived from weathering of shale and sandstone. Due to its greater clay and
organic matter content, this soil has greater water holding capacity and nutrient availability than
the Bayview fine sands, which are comprised primarily of fine aeolian (wind transported) sand
that render the soil droughty for plants. The small portion of Santa Lucia shaly clay loam found
on the southern portion of the Bayview Preserve of the LOHCP supports plant assemblages
dominated by shrubs and trees that are characteristic of the Morro manzanita and Live Oak
series, as might be expected; however, it also supports patches of coastal sage scrub of the
California Sagebrush-Black Sage series, which support less woody plant cover.
Due to the low resolution of the current soil maps, areas of the LOHCP Preserves mapped as
Bayview fine sands soils may also include the Oceano and Garey soils (USDA 1984). The
Oceano soils are similar to the Baywood fine sands in that they are very deep sand soils formed
from aeolian sand deposits. As a result of their coarse texture, and low clay and organic matter
content, these soils provide low levels of moisture and nutrients for plant growth. Though also
formed on old, stabilized sand dunes, the Garey soils are a sandy loam. Due to their higher
content of clay and organic matter, they have higher nutrient and soil moisture availability than
the Baywood and Oceano soils (Table B-1; USDA 1984).
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Table B-1: General characteristics of four soils located in the LOHCP Preserves (USDA 1
Organic Matter
Available Water
Soil Type
Texture
Clay (%)
(%)
Capacity ¹
0.05-0.08
Oceano
sand
0-7
0.5-1
Baywood
fine sand
0-5
1-4
0.05-0.07
Garey
Santa Lucia

coarse loam
clay loam

5-10
35-50

0.6-1
5-15

0.1-0.12
0.09-0.12

¹Available water capacity is the maximum plant available water, calculated as inches of water/inch of soil.

Within the areas mapped as Baywood fine sands, soil conditions are not homogenous. Most
notably, moving inland from the coast to Los Osos Creek, there is a gradient of increasing soil
development, presumably due to soil age (Jones and Stokes 1997). As described above, soils
that are more developed have greater clay content and organic matter, both of which increase
nutrient availability and water holding capacity.
Efforts to correlate soil types with plant communities are complicated by the large scale and
low resolution of regional soil maps. The minimum mapping units of these maps are typically
too large to allow inference to be made about the role of soil type in plant community structure
via correlational analysis. Small outcroppings of different soil conditions may indeed result in a
small patch of distinct vegetation; however, these small outcroppings are often not mapped, but
instead are subsumed within large map units. In addition, microtopography can influence plant
community structure within the same soil conditions, as described below.
Despite this, there is a general trend toward higher cover of large trees and shrubs within the
upland habitats of the Baywood fine sands as one moves inland from the coast toward Los Osos
Creek. This corresponds with the greater soil fertility and soil moisture availability along with
the gradient of increasing soil age (JSA 1997).
Microtopography
Small-scale variability in topography can influence plant community composition. In the
Los Osos Preserves, swales (small depressions in the land surface) tend to be dominated by
larger trees and shrubs than the adjacent, flat terrain. For example, a large continuous expanse of
Morro manzanita-wedgeleaf ceanothus series within the ‘Hotel site’ has several swales
dominated by coast live oak woodland. Greater soil moisture availability within the swales can
support the large trees which add higher amounts of organic matter to the soil such that, over
long periods of time, soils within swales can also be more fertile. Adjacent to the coast, dune
swales can oftentimes contain pooled water during the wet season, and can thus support
hyrdophillic species not found elsewhere. The soil moisture availability can influence habitat for
sensitive animal species, including Morro shoulderband snail. Other small changes in
topography may similarly alter plant composition by affecting abiotic conditions for plant
growth.
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Microclimate
Small changes in the climate within the LOHCP Preserve System can similarly explain
variation in plant community composition and animal distributions which can be important for
long term management. Though there have been no studies specifically examining microclimate
impacts, gradients in temperature, wind speed, and fog cover from the near shore environment to
inland portions of the Preserve System may influence plant and animal distributions.
Natural and Anthropogenic Disturbances
In addition to abiotic factors, the mosaic of plant communities observed within the LOHCP
Preserve System reflects the history of natural and anthropogenic disturbances—factors that
remove biomass, thus initiating the process of succession.
Natural Disturbances
The main landscape level disturbance that influences plant community structure in the
LOHCP Preserves is fire. Little is known about the natural fire regime of the communities of the
Baywood fine sands (Appendix E). However, prescription burns Morro manzanita series and
coastal sage scrub in Montaña de Oro State Park and the Morro Dunes Ecoreserve, respectively,
have shown that fire reduces the abundance of shrubs and trees and thus dominance of woody
cover. Herbaceous plant cover, including that of many ephemeral fire-following species,
increases following fire. However, regeneration of shrub species through both stump sprouting
and seedling establishment suggests that, over time, shrub and tree cover will increase and
displace herbaceous plants. One exception is the concern that fire will enhance the cover of
exotic plants including veldt grass and iceplant species (Appendix C), which will reduce the
cover and diversity of the native plants that re-establish.
Anthropogenic Disturbances
Examination of historical aerial photographs dating back to 1937 reveals that many portions
of the LOHCP Preserve System were at one time cleared for use in agriculture. These areas were
likely graded, thus removing microtopography, as well as tilled. They also likely received soil
amendments including fertilizers and water to enhance production.
Due to their occurrence on the more gradual sloping area closer to town, agricultural use
seems to have primarily impacted the coastal sage communities; however, areas of Morro
manzanita chaparral have also been cleared (e.g. Bayview Preserve).
Though native plants have recolonized abandoned fields, no studies have compared plant
community composition in areas used for agriculture to intact habitats. Observations indicate
that over longer time periods, native plant composition may be restored. For example, at the
Bayview Preserve, where agricultural use ceased somewhere between 1949 and 1959 (Chapter
5), the coastal sage scrub and Morro manzanita communities appear similar in structure to those
not used for agriculture. However, areas that were tilled in the last 15 years support only
degraded coastal sage scrub. Again, though no studies have specifically compared the plant
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community composition in these areas, observations suggest that the cover of exotic plants
including annual grasses and veldt grass is higher, and thus the diversity and cover of native
species likely lower.
When taken together, the chronosequence—analysis of plant community composition across
areas of different time since disturbance—suggest that native plant abundance and diversity
increases through time. Based on this, it can be hypothesized that degraded coastal sage scrub
will, through time, become coastal sage scrub as native shrub and herb cover increases.
Alternatively, exotic plant competition may preclude native plant establishment and thus natural
recovery of these areas. More research including experimental trials will be needed to inform
management to enhance natural communities within the Preserves.
Because natural and anthropogenic disturbances have occurred in areas of varying soils,
microtopography, and microclimate, it is difficult to tease apart the factors which influence
current plant community composition. Indeed, more investigation in this area is needed to
understand the factors influencing the patch mosaic of communities in order to inform
management designed to maintain and enhance the diversity of communities within the Preserve
System.
Plant Communities and Animal Habitats
Animal habitats are commonly defined in terms of the composition of plant communities (i.e.
‘vegetation type’). For many species, the physical structure and species composition influences
aspects of their ecology directly, as well as can be an indicator of other habitat factors they
require, such as abiotic conditions and the presence of other animals (prey, predators). The
relationships between animal distributions and plant community composition is often complex.
Rather than inhabiting just one plant community, many species respond to the mosaic of
communities in complex ways that are difficult to understand, but important for management.
Understanding the relationship between the distribution of animals and the composition of
plant communities is essential to effective management for the sensitive animal species of the
LOHCP. As described in greater detail in the section below, two quantitative studies have
examined the relationship between the plant composition and the Morro shoulderband snail
(Adams et al. 2000, Reeves et al. 2000). However, our understanding of the factors that
influence MSS distribution and abundance remains incomplete. Additional information is
needed to inform management designed to enhance sensitive animal species populations while
maintaining and enhancing natural community composition.
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B.1 MORRO SHOULDERBAND SNAIL
Conservation Status
The Morro shoulderband snail (Helminthoglypta walkeriana Helminthoglyptidae) is a
federally-listed endangered species (USFWS 1994). The US Fish and Wildlife Service has
completed a recovery plan (USFWS 1998) and has designated critical habitat for the rare animal
(USFWS 2001).
Available Information
Available information about the biology of the Morro shoulderband snail includes
research examining the species taxonomy and morphology (Pilsbry 1939, Miller 1985, Roth
1985, Walgren 2003a, b), geographic distribution (Walgren 2003a), and habitat specificity
(Adams et al. 2000, Reeves et al. 2000). These and other studies have used observations to
hypothesize about aspects of the animals dispersal (Walgren 2003a), parasitism (Hill 1974,
Walgren 2003a), and competition within introduced snails (Hill 1974, Walgren 2003a).
Taxonomy
Also commonly known as the banded dune snail (USFWS 1998), the Morro shoulderband
snail (Helminthoglypta walkeriana) is a member of the Helminthoglypta family which is in the
Class Gastropoda of the Phyllum Mullusca. Species in the genus Helminthoglypta occur in a
wide range of habitats west of the Sierra Nevada from Baja California to southwestern Oregon
(Miller 1985) and have similar shell characteristics, which include the shoulderband—a
revolving dark band (Walgren 2003a). Based on morphometric analysis of shell characteristics,
Walgren (2003b) recommended that MSS populations be divided into two subspecies: H. w.
walkeriana and H. w. morroensis. Roth and Tupen (2004) have argued for the separation of two
distinct species: H. walkeriana and H. morroensis. The taxonomy of variants remains unsettled.
Description
Morro shoulderband snail is a terrestrial snail with a slightly translucent shell featuring 5-6
whorls. Its shell is 18-29 mm in diameter and 14-25 mm tall (Roth 1985). The Morro
shoulderband snail can be differentiated from the Big Sur shoulderband snail (Helminthoglypta
umbilicata) as the MSS has incised spiral grooves and an occluded umbilicus—the cavity in the
center of the base of the shell that is surrounded by the whorls. Rather than a distinct band, the
exotic brown garden snail (Helix asper) has a marbled color pattern on its shell and a completely
occluded umbilicus (Roth 1985, Walgren 2003a). In differentiating between subspecies of H.
walkeriana, Walgren (2003) defined H. w. morroensis by its profuse, coarse, papillations
(bumps) and weak incised spiral grooves and H. w. walkeriana by its weak papillation and strong
incised spiral grooves. He found that H. w. walkeriana was larger at time of sexual maturity than
H. w. morroensis
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Distribution
At the time of its critical habitat designation (USFWS 2001), the Morro shoulderband snail
was described as occurring only in the Los Osos Valley—the area south of Morro Bay, north of
Hazard Canyon, and west of Los Osos Creek. In his surveys to document the distribution of
MSS in the region, Walgren (2003a) documented the occurrence of Morro shoulderband snails in
the Chorro Valley, from Cayucos to San Luis Obispo. Based on their morphological
characteristics, Walgren classified these individuals in these northern areas as H. w. morroensis
rather than H. w. walkeriana (Walgren 2003a).
The following discussion of the biology of the Morro shoulderband snail will pertain to MSS
within the Los Osos region, and thus to populations described as H. w. walkeriana, unless
otherwise noted.
Habitat
Within the Los Osos Valley, the Morro shoulderband is primarily found on the Baywood fine
sands soils and the active dunes of the Morro Bay sand spit (Walgren 2003a). In a single
location, MSS were observed on a “clay” soil in Los Osos Oaks Reserve approximately 200m
from the nearest mapped Baywood fine sands soil. Based on this description, the “clay” soil was
likely the Conception Loam (USDA 1984). However, other locations supporting live snails were
all located on Baywood fine sand soils (Walgren 2003a).
Due to a combination of factors which affect plant growth, including topography, soil
conditions, disturbance history, and land use history, the Baywood fine sand soils support a
diverse mosaic of plant assemblages varying from open dunes to dense woodlands. Originally,
Morro shoulderband snail was thought to be restricted to coastal dune and scrub communities
which are prominent in the region (Roth 1985, USFWS 1998, 2001). It was hypothesized that
early and mid-successional coastal sage scrub communities would provide optimal MSS habitat
by featuring greater density of immature shrubs which, unlike mature shrubs, have lower
branches in contact with the soil (Roth 1985).
The California Department of Parks and Recreation commissioned two studies to
characterize the distribution and habitat of Morro shoulderband snails within coastal dune and
sage scrub of the Los Osos region (Adams et al. 2000, Reeves et al. 2000). Adams et al. (2000)
examined vegetation characteristics near Shark’s Inlet then sampled the abundance of MSS and
characterized the vegetation in 101 plots randomly located in “representative vegetation” in the
Montana de Oro and the Elfin Forest. Unclear and potentially incorrect statistical analyses as
well as biased sampling in which a greater number of plots were deliberately located within
coastal sage scrub render it impossible to determine whether the MSS is preferentially found
within the different community types described and mapped. The study did not examine
potential correlations of snail distribution and abundance with individual plant species or other
habitat characteristics. However, the researchers reported that, of the 44 MSS observed in the
101 sampled 20 m2 circular quadrats, 26 were found in the litter under mock heather (Ericameria
ericoides) and 14 were found under iceplant (Carpobrotus sp.) (Adams et al. 2000).
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Revees et al. (2000) sampled the litter, vegetation, and MSS abundance in 3.14 m2 quadrats
located along transects deliberately located within known MSS populations at three sites: the
Sand Spit and Sharks Inlet areas of Montana de Oro State Park, and the Elfin Forest. Their
results indicated the following:
• MSS occurred plots with 17% more litter cover by weight than habitat without
• MSS occupied plots with 10% less open sand and therefore more plant cover
• species composition in plots with MSS differed from those without, though not single
plant species were predictive of MSS occurrence
• Senecio blochmanii, Eriogonum parvifolium, Lessingia filaginifolia var. filaginifolia and
Dudleya lanceolata showed trends toward greater abundance in plots with MSS that
those without MSS
• Lessingia filaginifolia var. californica and Artemesia californica exhibited trends toward
lower abundance in plots with MSS than those without MSS
• MSS was more likely to be found in plots with greater percentage of vegetation in contact
with the soil
• live MSS snails occurred with MSS shells in the 3.14 m2 plots more likely than predicted
by chance alone, suggesting that MSS may occupy the same small patches through time
During a more recent distribution survey of the Los Osos Valley, Walgren (2003) observed
Morro shoulderband snails in a variety of plant associations that he classified as follows:
• coast live oak woodland
• California annual grassland
• dune lupine-goldenbush
• introduced perennial grasslands (Ammophila and Ehrharta)
• iceplants
Though there is no information about the relative abundance of MSS within these
communities, these observations suggest that the species occupies a wider range of plant
communities within the Baywood fine sand soils than simply coastal dune and sage scrub. Based
on his observations and the results of Adams et al. (2000) and Reeves et al. (2000), Walgren
(2003a) suggests that snail presence may be primarily influenced by moisture retention and
protection from solar radiation, which are in turn influenced by leaf litter density, vegetation
density, and the extent to which the vegetation is in contact with the soil, and that the species of
plant is less important in predicting soil presence than its habit or physiognomy.
The congener H. arrosa was found to be a habitat generalist, inhabiting a variety of coastal
communities on Bodega Head, in Sonoma County, California (Van der Laan 1971)
Life History
Few studies have examined aspects of the ecology or life history of the Morro shoulderband
snail. The following summary provides current known and hypothesized information; however,
much more research is needed.
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Longevity
No studies have examined the life cycle of the Morro shoulderband snail. Based on
population biology research on the congeneric Helminthoglypta arrosa (Van der Laan 1971),
Roth (1985) hypothesized that Morro shoulderband snails may live six to ten years and reach
sexual maturity at three years. Growth of MSS is determinant, and sexual maturity is reached
shortly after maximum size is attained. When compared to adult MSS, immature shells are
smaller, have fewer whorls, and lack an aperture lip (Roth 1985).
Activity and Behavior
Like all land snails, Morro shoulderband snails are susceptible to desiccation. As a result,
their activity is closely tied to moisture. They are primarily observed locomoting during or soon
after rainfall events during the wet season (November – March). During the dry season (MayOctober), the only precipitation results from dense coastal fog which can be a frequent
occurrence, especially during the early morning hours. During this otherwise dry period, Morro
shoulderband snails likely estivate within the litter layer or below ground covering vegetation to
avoid desiccation (Roth 1985).
Morro shoulderband snails are most often observed underneath plant or litter cover. Hill
(1974) noted that the five snails he located during searches of the lower limbs and litter of
vegetation were attached to the undersides of limbs of mock heather (Ericameria ericoides). The
five live MSS individuals observed by Roth (1985) were under a mat of Carpobrotus sp. (n=3)
or under pieces boards located in the habitat. In both cases, the sample size is insufficient and
the methods of searching inappropriate for drawing conclusions about microhabitats, but these
observations are consistent with the behavior of reducing exposure to radiant energy, wind, and
predators. H. arrosa was found frequently attached to the trunks of bush lupine (Lupinus
arboreus) in the coastal scrub of Bodega Bay, CA (Van der Laan 1971).
Roth (1985) did not locate MSS below the surface of the soil during excavations around the
base of mock heather, and thus stated that it appears the species is not fossorial. He did not
quantify the level of effort in the search, and it is not clear whether additional searches in
different years, sites, and/or plant species might provide different results.
Research at Bodega Head in Sonoma County, a coastal area supporting coastal scrub
vegetation, found that H. aspersa is typically active during reduce solar illumination, including
under overcast skies and at night (Van der Laan 1971).
Reproduction
No studies have examined the reproductive ecology of Morro shoulderband snails. Based on
a study of the ecology of the congener Helminthoglypta arrosa, which inhabits coastal scrub in
Sonoma County (Van der Laan 1971) and the constraints on snail activity that result from the
marked dry season in the Mediterranean climate of Los Osos, Roth (1985) hypothesized that
copulation, oviposition, and growth occur primarily during the wet season (November – April).
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The eggs of MSS may be susceptible to mortality caused by desiccation or heat. Roth (1985)
observed desiccated 2mm diameter eggs in mock heather (Ericameria ericoides) litter on the
Morro Spit, which he attributed them to Helminthoglypta spp., though could not distinguish
between H. walkeriana and H. umbilicata. Because most eggs of H. arrosa were viable (Van der
Laan 1971), Roth (1985) suggested that drought and/or heat may have caused mortality of the
eggs. Due to the abundance of scattered eggs he observed relative to the low density of live
MSS, Roth (1985) speculated that the eggs were a result of several years of oviposition.
Feeding
There have been no studies to determine the feeding ecology of the Morro shoulderband
snail. Hill (1974) suggests that the rows of small file-like structures in the radula (mouth parts)
of the MSS are consistent with that of herbivorous land snails and that MSS may feed on fungal
mycelia in litter; however, no in situ observational studies have been conducted to support either
claim (Walgren 2003a).
Competition
No studies have provided evidence suggesting that other species compete with Morro
shoulderband snails. Within the Los Osos Valley, Morro shoulderband snails co-occur with four
other snail species: Big Sur shoulderband (Helminthoglypta umbilicata), brown garden snail
(Helix aspera), Oxychilius cellarius, and Haplotrema minimum (Walgren 2003a). Hill (1974)
suggested that, because brown garden snails co-occur with MSS and because he observed each
species on the same plant, brown garden snails compete with MSS. Moreover, because of their
superior size, brown garden snails are hypothesized to be superior competitors, and perhaps a
cause of the low MSS abundance (Hill 1974).
As Roth (1985) and Walgren (2003a) both point out, this is weak evidence to support the
claim that brown garden snails compete with MSS. Roth (1985) observed that brown garden
snails inhabit the interior portions of shrubs and MSS the litter near the canopy edge. Meanwhile
Walgren (2003a) noted that the brown garden snail is primarily found in wetter microsites,
including perennial wetlands, along estuaries and riparian edges, and near human structures.
In the 101 sampled 20m2 circular quadrats located within coastal dune and sage scrub within
Montana de Oro State Park, Adams et al. (2000) found 46 Morro shoulderband snails in a total of
21 quadrats, 2 of which contained a total of 6 live brown garden snails, and 9 of which contained
a total of 37 Big Sur shoulderband snails. Though the researchers note that the greatest number
of MSS were observed in two quadrats which lacked Big Sur shoulderband and brown garden
snails (n=10 and n=4), this provides little evidence for interspecific competition.
These observations could be used to develop testable hypotheses for the potential
microhabitat distributional differences between the two species. If aspects of such studies
suggest the potential for competition, a small-scale removal experiment could be used to quantify
the effects of brown garden snails on MSS individual and population performance. If MSS are
found to perform better when brown garden snails are removed, competition can be inferred and
management should focus on reducing the distribution and abundance of brown garden snails.
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Until then, management should focus on preventing the invasion and spread of brown gardens
snails, as well as other exotic animals, into the LOHCP Preserve System.
Walgren (2003a) similarly suggests that the Big Sur shoulderband and MSS exhibit different
microhabitat affinities that may reduce the likelihood of competition.
Predation
No studies have documented predation of Morro shoulderband snails. Heagy (1980)
speculated that deermice (Peromyscus maniculatus), alligator lizards (Elgaria coerulea), and
unidentified beetles may predate upon MSS. Roth suggested that a broken MSS shell was
indicative of rodent kill (Roth 1985). The shells of MSS have been observed on the feeding
perches of unidentified birds (M. Walgren, pers. comm.).
In nearby Diablo Canyon, the Decollate snail (Rumina decollata), and introduced, predatory
snail has been identified. These snails are sold in nurseries in unregulated counties and states as
a way to control garden snails. Introduction of this snail may present a threat to MSS (M.
Walgren, pers. comm.).
Parasitism
The presence of Sarcophagid fly puparia (pupa casings) within Morro shoulderband snail
shells has lead researchers to hypothesize that MSS are parasitized by these flies (Hill 1974, Roth
1985). Walgren (2003a) points out that the presence of puparia cannot be used to infer
parasitism as Sarcophagid flies commonly feed on dead flesh and may simply be saprophagous
(i.e. carrion feeders). In their study, Adams et al. (2000) observed no evidence of parasitism in
the 121 live MSS and Big Sur shoulderband snails they sampled. Based on his literature review,
field observations, and discussions with entomologists, Walgren suggests that the pupae found in
MSS shells are from consumption of already dead snails (Walgren 2003a).
Two studies have documented the frequency of occurrence of Sarcophagid fly puparia within
MSS shells. Walgren (2003a) found that the frequency of puparia presence ranged from 1.9% to
32% among 7 sites sampled throughout the range of H. w. walkeriana and H. w. morroensis. At
Montaña de Oro State park, Adams et al. (2000) found that 3.7% (4 of 109) of MSS shells had
Sarcophagid fly puparia.
If the presence of puparia does indeed indicate parasitism-induced mortality, it is not clear
how these rates of would influence MSS population dynamics and persistence. Moreover,
though attempts to identify the species of fly found in MSS shells have been foiled by difficulty
in rearing the larva in the lab, there is no current evidence that the species of fly observed in
MSS shells is non-native or introduced (Walgren 2003a).
Population Abundance and Density
No studies have attempted to quantify the abundance of Morro shoulderband snails. In 1985,
Roth estimated the total abundance of MSS as “in the hundreds”, though added that additional
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field research would be required to accurately estimate abundance (Roth 1985). Adams et al.
(2000) sampled density of MSS in 101, 20 m2 circular quadrats located on transects deliberately
placed in habitat known or hypothesized to support populations of MSS. They reported densities
ranging from 0 – 10 snails/ 20m2, but did not report the mean or variance for the samples.
Though Reeves et al. (2000) also counted the number of MSS found within sampled quadrats
along transects, they did not report the density of individuals observed.
Walgren (2003a) examined MSS presence/absence and thus did not report population
abundance, though he suggested that the population is likely greater than “in the hundreds”
(Roth 1985) based on the number of individuals observed during distribution sampling.
Dispersal and Colonization
No studies have examined dispersal of Morro shoulderband snails. Active dispersal of MSS
would likely involve slow, short distance migration during periods of favorable conditions. Over
time, perhaps several generations, snails could actively disperse larger distances, provided
populations persist and favorable conditions are maintained.
As with other land snails, MSS active dispersal may be limited by natural and anthropogenic
barriers. Natural barriers, such as bodies of water or inappropriate vegetation types (e.g. dense
riparian vegetation or woodlands), can inhibit dispersal, either by preventing snail locomotion or
by lacking the appropriate stimulants, such as food odors, to attract snails (New 1995). Human
created barriers such as structures, landscaping, wide trails, and roads can similarly inhibit snail
movement. Roads in particular can cause desiccation if the snails cannot create sufficient mucus
to traverse the dry surfaces.
Morro shoulderband snails might be able to disperse across barriers and over larger distances
due to passive migration via mammals, birds, or insects, and perhaps due to wind or rafting on
floating objects. Human activity might also result in longer distance dispersal of MSS.
Walgren’s observations (2003a) suggest that MSS have colonized areas that were previously
unoccupied. He observed live or recently dead MSS in three locations that had either been
highly disturbed or created in the recent past (an artificial peninsula and an artificial dune created
by deposition of dredged material, and a former mine). Though they were not known to be
deliberately introduced, it is not clear whether MSS naturally dispersed or colonization resulted
from inadvertent anthropogenic forces (Walgren 2003a).
Threats
Due to its limited geographic range (Los Osos Valley) and narrow habitat specificity
(Baywood fine sand soils and stabilized dunes), the Morro shoulderband snail is naturally rare.
The loss of habitat due to conversion for development and agriculture has reduced the
distribution and abundance of Morro shoulderband snails. The fragmented habitat patches that
have resulted support smaller populations of MSS that are more vulnerable to extirpation due to
environmental stochasticity (e.g. wildfire, drought, disease), Allee effects (reductions in
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population growth due to insufficient population size), and reduced fitness due to inbreeding
depression.
Little is known about the factors that influence the distribution, abundance, and population
persistence of Morro shoulderband snails, making it difficult to predict the threats to the
populations protected within the LOHCP Preserve System. Previous reports have identified
parasitism by Sacrophagid flies and competition from brown garden snails (Helix asper) as
potential threats to MSS populations (Hill 1974, USFWS 1994, 2001); however, there is
presently no evidence indicating that these factors reduce the populations (Walgren 2003a), and
more research is needed to evaluate these potential threats (USFWS 1998).
Three additional factors that may threaten the persistence of MSS within the LOHCP
Preserve System including: wildfire, unnatural succession due to fire exclusion, disturbance due
to recreation, and the invasion and spread of exotic species.
Fire
A large wildfire could threaten persistence of Morro shoulderband snail populations. Snails
cannot evade fire, and unless the fire is cool or very patchy, it will likely kill all snails. Arson
within Morro Strand State Beach killed all snails within the approximately three acre area burned
(M. Walgren, pers comm. 2004). State Parks ecologists have established permanent plots to
monitor potential snail recolonization from adjacent, intact habitat; however, no data are yet
available (Walgren 2003a).
Prescription fires designed to simulate the natural fire regime of the Baywood fine sands
communities, increase native biodiversity, and facilitate populations of fire-adapted species
including Morro Bay kangaroo rat (Dipodomys heermanni morroensis) and Morro manzanita
(Arctostaphylos morroensis) could likewise directly negatively impact populations of Morro
shoulderband snail. Roth (1985) observed two recently dead MSS shells and no live snails after
a 19 acre prescription fire in coastal sage scrub designed to enhance Morro Bay kangaroo rat
habitat. Fire management in the LOHCP Preserve Systems will incorporate avoidance and
minimizations measures designed to reduce the potential for such direct negative impacts and
maximize the potential for fires to facilitate long term persistence of MSS populations (Appendix
E), including removing snails prior to conducting burns and using small, narrow, rectangular
burns that can enhance the likelihood of snail recolonization (Roth 1985, Simmons et al. 1995).
Fire Exclusion
Roth (1985) has hypothesized that the MSS population growth will be maximized in early to
mid-successional coastal sage scrub habitat, as younger shrubs provide softer tissues for food and
foliage that is contiguous with the ground litter layer, for shelter. Unnatural succession of the
coastal dune and sage scrub plant communities due to widespread fire exclusion would reduce
the areal extent of such early and mid successional assemblages. MSS habitat requirements
remain unclear. In addition, though fire is a natural component of the Baywood fine sands
communities, aspects of the natural fire regime and the successional relationships between the
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plant assemblages are unknown. Therefore, more research is needed to understand the role of
fire in maintaining habitat conditions required for MSS, as outlined in Appendix E.
Recreation
Recreation within the Baywood fine sands communities causes disturbance (Appendix D). It
removes established plant cover, including litter, and depending on the intensity and frequency,
causes erosion and prevents re-establishment by plants. Because plants and their litter create
cover and shade and retain moisture required by Morro shoulderband snails, recreation that
removes plant and litter cover removes habitat for MSS. Recreation can also directly kill MSS,
as well as other small, low vagility animals that are unable to move away from humans, horses,
and bicycles. Dogs allowed to wander unrestrained through the habitat may eat, harass, or
otherwise harm Morro shoulderband snails.
Exotic Animals
Exotic animals that predate upon Morro shoulderband snails including rats (Rattus rattus and
Rattus norvegicus) and feral cats (Felis domesticas) could reduce MSS populations. It is not
known whether these species are presently found within the LOHCP Preserve System; however,
their association with development and the proximity of the LOHCP Preserves to development
suggest the potential for these species to negatively impact MSS populations. Introduced
predatory snails such as Oxycheilus sp. and the Decollate snail (Rumina decollata), which was
recently identified in Diablo Canyon, could similarly negatively impact MSS populations (Roth,
1985, M. Walgren, pers. comm.). There is currently no evidence, anecdotal or otherwise, to
suggest exotic animals currently impact MSS populations.
Exotic Plants
The invasion and spread of exotic plant species can potentially threaten the persistence of
MSS populations by degrading habitat and thus reducing or eliminating MSS populations. Many
exotic plants are presently found within the LOHCP Preserve System. These species vary
greatly in their distribution, abundance, and aspects of their ecology that influence their potential
impacts to MSS (Appendix C), which might also depend on unknown aspects of MSS ecology.
In general, exotic plants might indirectly threaten MSS populations by a variety of
mechanisms. First, invasive, exotic trees can transform the native shrublands into woodlands,
rendering habitat conditions unsuitable for MSS. In a recent study, MSS was not observed
within stands of Eucalyptus (Adams et al. 2000) and MSS has not been described as occurring in
Eucalyptus forests in any other studies (M. Walgren, pers. comm.). These trees have invaded
native vegetation from initial plantations in Montaña de Oro State Park. They produce abundant
shade and litter and competitively exclude native shrubs and herbs, thus limiting the distribution
of MSS. Other exotic trees within the LOHCP Preserve System including Pinus radiata and
Cupressus macrocarpa might similarly restrict the distribution of MSS.
Other exotic plant species including iceplants and grasses can outcompete or perhaps
competitively exclude native plant species on which MSS might rely for food or shelter. MSS is
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presently found in a wide variety of plant assemblages on the Baywood fine sands, including
those dominated by invasive exotic species including iceplant (Carpobrotus spp.), veldt grass
(Ehrharta calycina), and annual grasses (Avena spp., Bromus diandrus, and B. rubens ssp.
madritensis) (Walgren 2003a). Though these exotic plants may not presently restrict the
distribution of MSS, areas infested by these exotic plants may support smaller populations of
MSS, though this has not yet been examined.
Finally, exotic plants can enhance the flammability of the vegetation and thus increase the
risk of wildfire, thus indirectly threatening MSS populations. Eucalyptus spp. are highly
flammable. In addition, the annual and perennial grasses which have invaded coastal sage scrub
provide dry, fine fuels in the summer which are highly flammable. MSS populations are likely
to be completely eliminated by fire, as discussed above.
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Factors affecting survivorship to reproduction unknown
• Intra and inter-specific competition for food,
shelter (?)

Juvenile

All Life Stages
Desiccation causes mortality; likely
exacerbated by drought and/or heat
Predation by small mammals,
reptiles, large insects
Competition from Helix aspera (?)
Parasitism by Sacrophagid flies (?)

Adult

Factors affecting adults
survivorship unknown
Lifespan unknown

Egg predation
Egg desiccation
Figure B-1: Life history diagram for Morro shoulderband snail, identifying the factors that can limit reduce transitions
between life stages.
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B.2 MORRO MANZANITA
Conservation Status
Morro manzanita (Ericaceae Arctostaphylos morroensis Wiesl & B. Shreiber), is a federallylisted threatened species (USFWS 1994) and is on the CNPS list of most threatened and
endangered species (List 1B; Skinner and Pavlik 1994).
Available Information
As a result of an intensive research program examining the ecology of Morro manzanita,
there are several studies providing information about the many aspects of the endangered plant’s
biology, including: distribution and morphological variation (Mullany 1990), seed ecology and
reproductive biology (Tyler and Odion 1996, Tyler et al. 1998, Tyler et al. 2000), and seed bank
response to prescribed burning (Tyler et al. 2000, Odion and Tyler 2002). In addition, the
authors of these papers draw on the abundant research that has been conducted on other species
of Arctostaphylos throughout chaparral communities in California, including other types of
maritime chaparral, which may provide useful information for management of Morro manzanita.
Distribution
Morro manzanita occurs primarily on Baywood fine sands soils which are found near the
communities of Baywood and Los Osos in western San Luis Obispo County, central coastal
California. Based on the likely historic distribution of these soils, Morro manzanita may have
covered between 2,000 and 2,700 acres (McGuire and Morey 1992). Much of the Morro
manzanita habitat has been converted for development, especially in the center of its historic
range which is now occupied by the community of Los Osos. As a result, the current range of
Morro manzanita is approximately 890 acres (LSA Associates 1992). Within that area, Morro
manzanita covers approximately 350 acres of habitat (Tyler and Odion 1996).
Biology
Morphology
Morro manzanita is an evergreen tree-like shrub that grows to be 1.5-4.0 m tall. This
non-burl forming manzanita has deep red stems with gray, shredding bark. The 2.5 to 4 cm long
leaves are oblong to ovate to elliptic. Attached to the stems by 2 to 6 mm long petioles, Morro
manzanita leaves nearly overlap along the stem, resulting in a whorled appearance despite their
alternate arrangement (Hickman 1993). The upper surface of the leaves is dark green and
smooth, but can have a gray appearance due to a white or bluish film. The lower leaf surface is
gray, owing to dense white hairs (Hickman 1993). Morro manzanita has white to pinkish urn
shaped flowers that are 5 to 9 mm long and occur in dense racemes at the end of branches. The
8-13 mm diameter fruits are red to orange brown, and contains 8 to 10 seeds (Hickman 1993,
USFWS 1994).

Adaptive Management and Monitoring Plan for the LOHCP Preserve System

B-19

J.M. McGraw

Covered Species Biologies

Morro manzanita can be differentiated from the co-occurring La Cruz manzanita
(Arctostaphylos cruzensis) by its shaggy grey bark, rounded or straight leaf base, and short
wholly hairs on its lower leaf surface (USFWS 1994).
Phenology
Morro manzanita flowers in the mid-winter through early spring (January-May) and
develops fruit between early spring (March) and early summer (Tyler et al. 2000). A 1999 study
showed that fruits begin to fall from the plant as early as May, yet the majority of the fruits fell
between August and early October (Tyler et al. 2000).
As with other shrubs in California’s Mediterranean climate, Morro manzanita seeds likely
germinate with the onset of the rains between October and December. In a study examining
post-fire seedling establishment, the maximum seedling abundance wasobserved in March
censuses, though no observations were made prior, making it difficult to say how early the
seedlings established.
Life History
The age or size of shrubs at the onset of reproduction is currently unknown.
Observations of small plants (<50 cm tall) with fruits on the old Broderson Road at the Bayview
Unit of the Morro Dunes Ecological Reserve suggest that plants become reproductive within 5-8
years of establishment (J. McGraw, pers obs.)
Morro manzanita adults may be relatively long-lived. Analysis of historical aerial
photographs combined with dendrochronology (annual ring counting of shrub stems) suggested
that the oldest stands of Morro manzanita are at least 55 years (as of 2004); however, these
analyses were constrained by the fact that earliest aerial photographs of the region were from
1949 (Tyler and Odion 1996). Tyler et al. (1998) observed recent mortality in the Elfin Forest
stand, which was hypothesized to be the oldest stand of Morro manzanita (Tyler and Odion
1996). However, it is not known whether this mortality was the result of senescence or other
site-specific conditions (e.g. soil pathogens).
Ecology
Habitat Preference
Though small portions of the current Morro manzanita stands are located on Santa Lucia
shaly clay loam, Morro manzanita is primarily found on the Baywood fine sand soils (Tyler et al.
2000). Formed from Pleistocene eolian sand dunes, these soils are very deep and somewhat
excessively drained. Due to its relatively coarse nature, the Baywood fine sand soils have low
water holding capacity and, relative to clay soils, low nutrient availability (USDA 1984).
Of the three slope categories in the Baywood fine sand series (2-9% slope, 9-15% slope,
and 15-30% slope), Morro manzanita cover is greater on the 9-15% and 15-30% slopes (Tyler
and Odion 1996). This may be due to the fact that these soils are older, more developed, and
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may feature a clay lens which increases water holding capacity and thus is more conducive to the
growth of large statured plants including Morro manzanita (JSA 1997). However, the greater
cover of Morro manzanita on the steeper slopes relative to the shallow slopes may also reflect the
disproportionately high rate of conversion of the gentle sloping areas. Tyler et al. (2000)
estimated that the greatest acreage of Morro manzanita occurred on the Baywood fine sands in
the 2-9% slope class. Presently, the greatest acreage of Morro manzanita is in the 9-15% cover
class, as more habitat development has occurred in the more gently sloped areas. Greater
coverage on the steeper slops may also represent differing disturbance histories in the slope
classes. The gentler sloping soils (2-9%) are in the flat areas adjacent to development and have
been more recently cleared for agriculture than the steeper slopes (Tyler and Odion 1996).
Determining whether Morro manzanita can persist on gentle slopes and whether it did prior to
human alterations in the region is important for restoration and management of the LOHCP
Preserve System.
Mating System
Morro manzanita flowers are perfect—containing both stamens and a pistil. These
flowers are not self-fertilized, however, and instead require pollination to produce viable seed
(Tyler et al. 1998, Tyler et al. 2000). It is not known whether plants are self-compatible (i.e.
whether seed can be produced through pollen from the same plant).
Pollination Biology
Pollinator studies conducted in 1998 and 1999 revealed that the most abundant
pollinators of Morro manzanita were bumblebees (Bombus vosnesenksii). Addition pollinators
include an Anthophorid bee (Anthophora urbana), several bee flies (Bombyliidae Bombylius sp.)
and Syrphid flies. In both years, the researchers commented on the surprising low abundance of
pollinator activity, even on warm, sunny days (Tyler et al. 1998, Tyler et al. 2000).
There is no record of Morro manzanita nectar robbery, in which animals obtain nectar
from without pollinating the flower, typically by accessing nectaries through the corolla wall,
rather than its aperture. Nectar robber was observed to reduce seed production in the endangered
silverleaf manzanita (Arctostaphylos silvicola), endemic to northern maritime chaparral in Santa
Cruz County (Jacobson 1994).
Fruit Set
In 1998, an average of only 10% of Morro manzanita flowers produced fruits (Tyler et al.
1998). This rate may vary from year to year, however, depending on pollinator abundance,
which can depend on spring climate, and flower production, which can be influenced by rainfall
in the previous year when buds are produced (Keeley 1977).
Seed Biology
Morro manzanita is an obligate seeding plant (Hickman 1993). Unlike many manzanita
species (e.g. Arctostaphylos tomentosa), it does not have an underground burl from which it can
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regenerate following moderate to high intensity fires that consume aboveground biomass.
Instead, population persistence requires successful germination of seeds. Extensive research has
been conducted to determine the factors which might influence the regeneration of Morro
manzanita from seed following disturbance (Tyler and Odion 1996, Tyler 1996, Tyler et al.
1998, Tyler et al. 2000).
Seed Production
Morro manzanita produce 8-10 seeds per fruit (USFWS 1994).
Seed Predation
A 1998 study examining Morro manzanita fruit predation found that an average of 60%
of fruits were removed from trays located under and away from Morro manzanita shrubs over a
46 day period (Tyler et al. 1998). Rodents including woodrats (Neotoma fuscipes) and brush
rabbits (Sylvilagus bachmani) were hypothesized to be responsible for removing fruits as their
nests and scat, respectively, were observed near the experimental trays in which the fruits were
placed. Because the fruits were presumed to be removed by small mammals, which predate
upon seeds within the fruits (Keeley and Hays 1976), the authors assume that fruit predation
results in seed predation, and thus dramatically reduces available seed (Tyler et al. 1998).
Seed Dispersal
Birds and large mammals including by coyote (Canis latrans) and deer (Odocoileus
hemionus) may eat Morro manzanita fruits from the stems and perhaps disperse viable seed
(Keeley and Hays 1976). However, the majority of Morro manzanita seeds likely fall to the soil
below. These may be secondarily dispersed by birds, small mammals, and large mammals.
Seeds not killed during digestion can be dispersed by these animals. However, a study in another
California chaparral system found that the majority of Arctostaphylos seeds remained within the
canopy radius (Keeley 1977). Tyler and Odion (1996) found that that soil cores extracted from
1.5 m away from the canopy edge had an average of 90% fewer seeds than cores taken below the
Morro manzanita canopy, suggesting secondary dispersal is likely limited.
Seed Viability
Studies have consistently shown that the viability of Morro manzanita seed obtained from the
litter and soil is low (Tyler and Odion 1996, Tyler et al. 1998, Tyler et al. 2000). In 1996, Tyler
and Odion found that, across four sites, mean viability was 4.8%, with the Elfin Forest sites
having only 1.7% viable seed. In both 1996 and 1998, 45% of seeds examined lacked an embryo
(Tyler and Odion 1996, Tyler et al. 1998). Such low fertility could indicate inbreeding problems
associated with small populations (Tyler and Odion 1996).
Viability was slightly but significantly lower in the litter (3.6%) compared to the soil (5.8%)
(Tyler et al. 2000). Seed viability varied among sampled shrubs, and ranged from <1% to 11%
(Tyler et al. 2000). Viability was not lower in the soil at a depth of 5-10cm, compared the top
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5cm of soil (Tyler and Odion 1996). Viability also did not significantly differ depending upon
whether the seed was collected under a dead or live shrub (Tyler et al. 1998).
Seed Dormancy
Morro manzanita exhibits some seed dormancy, in which viable seed does not germinate
but instead persists over several years and perhaps decades despite the presence of appropriate
environmental cues during the fall/winter seasons. Though research has not specially examined
the dormancy mechanism for Morro manzanita seeds, congeners including Arctostaphylos
glandulosa, A. patula, A. uva-ursi and A. alpina all exhibit physiological dormancy. This means
that a physiological inhibiting mechanism prevents germination of the seed even in the presence
of appropriate environmental conditions (Baskin and Baskin 2001). This dormancy is likely
overcome by warm and/or cold stratification (Keeley 1977, 1991, Baskin and Baskin 2001).
These species are found in different habitats and not surprisingly, require different temperature
regimes to break dormancy (Baskin and Baskin 2001).
Laboratory studies (Tyler et al. 1998, Tyler et al. 2000) indicated that there is not
complete dormancy in MM, since some seeds do germinate without any stratification,
scarification, or treatment other than watering. Tyler et al. 2000 found 40% germination of
viable seeds in controls. Seed treated with heat and charate to simulate the effects of fire
germinated at a rate 80%, however.
Seed Bank
As a result of its dormancy, Morro manzanita has a seedbank—a population of viable
seed in the soil and litter. A series of studies have been used to investigate the distribution and
abundance of seed in the seedbank and have found the following results.
•
•
•
•
•
•
•
•

80% of seed occurred in the top 5 cm of the soil, and 20% in the lower 5 cm
10 times more seed is found under the shrub canopy than 1.5 m away
a mean of 1,482 viable seeds/m2 were sampled across four sites, which varied greatly
(Tyler and Odion 1996)
35% less total seed was found under dead shrubs than live shrubs at the Elfin forest
sites differed significantly in total seed in the seed bank (Tyler et al. 1998)
a estimated 600 total seeds (not just viable) per m2 were added to the seedbank each year
sites vary in seed production and predation, and thus the amount of seed added to the
bank
prescription fire greatly reduced the density of viable seed in the top 5 cm of the soil
(Tyler et al. 2000).

Seed Germination
Fire enhances Morro manzanita seed germination. Tyler et al. (2000) evaluated the
combined effect of heat and charate--chemicals resulting from combustion of plant material-- in
overcoming dormancy and initiating Morro manzanita seed germination. They found that
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untreated, viable seed germinated at a rate of 40% while seed treated with heat and charate
germinated at a rate of 80% (Tyler et al. 2000).
Though Morro manzanita germination was measured following a prescription fire (Tyler
et al. 2000), there were no control plots, making it difficult to assess the effects of fire on seed
germination. Seedlings established at equal rates during the first two years following the
prescription burn after which the plots were not monitored (Tyler et al. 2000). Other studies of
fire in maritime chaparral have found no shrub emergence after the first year following fire,
perhaps because the seed bank was exhausted by fire induced germination and mortality (Keeley
1991, Odion 2000, Odion and Davis 2000). Though the authors note that no studies have
documented germination of obligate seeding species more than two years following fire (Tyler et
al. 2000), they also suggest that seedling establishment occurred at rates lower than expected
based on analysis of the post fire density of viable seed. In the absence of ongoing monitoring of
the prescribed burn plots, it is not clear whether additional Morro manzanita seedlings may have
established following the prescribed burn.
Like other obligate seeding species in the genus, Arctostaphylos morroensis may experience
increased seed germination following fire. However, even in “refractory seed species”, or those
such as Arctostaphylos species in which germination is triggered by an environmental stimulus,
some of the seed crop is non-refractory, meaning it will germinate without the stimulus (Keeley
1991). This could explain the low density of Morro manzanita seedlings observed in areas of the
Baywview Unit of the Morro Dunes Ecological Reserve that have not likely burned in decades
(J. McGraw, pers obs.).
Seedling Establishment
Though seeds of Morro manzanita can germinate in the absence of heat and charate under
laboratory conditions (Tyler et al. 2000), very few young Morro manzanita are found in
unburned areas of the LOHCP Preserve System. One exception is in an area that receives
chronic soil disturbance due to recreation and associated erosion on the old Broderson Road in
the Bayview Unit of the Morro Dunes Ecological Reserve. There, a stand of approximately 10
juvenile to small adult (< 50cm tall but reproductive) Morro manzanita occurs along a deep gully
that presumably was caused by water erosion on the steep slopes of the former road (J. McGraw,
pers obs.). It is possible that these individuals were planted as part of an informal restoration
project; however, there has been no indication that this is the case.
These observations suggest that, like fire, soil disturbance may create aspects of the
regeneration niche required for this fire-adapted species. However, more research is needed to
determine whether other disturbances can be used to successfully establish Morro manzanita
seedlings. In a field experiment in another maritime chaparral system, A. purissima seedling
establishment was enhanced by fire but not manual removal of shrubs, suggesting some aspect of
fire (e.g. heat or charate) is required for germination (Tyler 1996). It is important to note that
MM seedling establishment may result in the absence of disturbances, as laboratory trials found
that some MM seed germinated without treatments intended to remove the dormancy mechanism
(Tyler et al. 1998, 2000).
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Morro manzanita seedlings established even in sample plots that lacked adult Morro
manzanita prior to the prescription fire (Tyler et al. 2000). Though none of the seedlings
survived, their establishment itself surprised the researchers, given the low density of viable seed
detected in soil cores obtained away from shrub canopies (Tyler et al. 1998).
Seedling Survival
Following germination, Morro manzanita seedlings are highly susceptible to mortality.
Mortality of seedlings from the first year cohort following fire 95% between March 1998 and
March 1999, with only 2 of the 41 sampled seedlings surviving the first year (Tyler et al. 2000).
Survivorship was not monitored further, nor was that of the second year cohort examined.
Mortality was likely caused by several factors including desiccation stress and herbivory.
Available soil moisture in the sandy soil is low year round, and may result in mortality during the
long summer drought (May-October). Seedling mortality caused by herbivory by both large
(deer) and small (rabbits) mammals might have also been a factor. The authors speculate that the
small burn size may have resulted in unnaturally high levels of herbivory and thus seedling
mortality. Trampling may have also reduced survival of small seedlings (Tyler et al. 2000).
Adult survivorship
Though there are no studies examining factors affecting survival of adult Morro
manzanita, observations suggest that survivorship is presently high. In 1998, Tyler et al.
observed that recently mortality of adults in the Elfin Forest stand, which was hypothesized to be
the oldest stand of Morro manzanita. However, it is not known whether this mortality is due to
senescence or other site-specific conditions (e.g. disease). Mortality may increase as the stands
age and individuals become more susceptible to disease.
Threats
As a narrowly distributed endemic species, Morro manzanita is threatened by habitat
destruction. The loss of habitat due to conversion for development and agriculture has reduced
the areal extent of the species by over 50% and fragmented remaining habitat patches (Tyler et
al. 2000). As a result, the overall population of Morro manzanita has been reduced, and
remaining populations are artificially small. Small populations face greater extinction risks due
to environmental stochasticity (e.g. wildfire, drought, disease), Allee effects (reductions in
population growth due to insufficient population size), and reduced fitness due to inbreeding
depression.
Within the LOHCP Preserve System, protected populations of Morro manzanita will be
threatened by wildfire, fire exclusion, and exotic species.
Wildfire
Previous research has shown that a stand of Morro manzanita subject to prescription burning
at Montaña de Oro State Park likely failed to re-establish at the pre-burn population density due
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to insufficient seedling establishment. Research hypothesized that this is because the return
interval at the stand was too short to allow sufficient accumulation of viable seed (Tyler et al.
2000, Odion and Tyler 2002). These results suggest that a wildfire could reduce Morro
manzanita population density and that recurring fire at too short of an interval could extirpate
remaining populations.
Fire Exclusion
The widespread exclusion of fire from the LOHCP Preserve System could also threaten
persistence of Morro manzanita in the long term. Fire is the natural disturbance that causes stand
regeneration. Morro manzanita seedlings do not appear to recruit in stand replacing densities in
the absence of fire. Though it is not known at what age stands senesce, mortality of adult Morro
manzanita will presumably increase at some time following fire. In the absence of fire, the
canopy gaps created might be colonized by other species already present, including exotic plants,
rather than recruiting Morro manzanita seedlings. Suppression of naturally occurring wildfire
and avoidance of prescription fire as a management tool due to proximity of development may,
in the long term, cause stands of Morro manzanita chaparral to convert to oak woodlands or
coastal sage scrub.
Exotic Plants
Exotic plant species threaten the persistence of Morro manzanita within the LOHCP Preserve
System, directly through competition, and indirectly, by altering abiotic conditions, rendering
them unsuitable for Morro manzanita population persistence. Large, shade producing trees
including Eucalyptus spp, and introduced conifers (Pinus radiata and Cupressus macrocarpa)
can outcompete seedling and adult Morro manzanita for both light and soil resources (e.g.
water). Expansion of a Eucalyptus grove in Montana de Oro State Park has reduced the areal
extent of Morro manzanita over the past 100 years (Tyler and Odion 1996). Though not
presently aggressive invaders like the Eucalyptus spp., Pinus radiata and Cupressus macrocarpa
are both fire adapted species which may increase their populations and further compete with
Morro manzanita following fire or other disturbance (Tyler and Odion 1996, Tyler 1996).
Iceplants including Carpobrotus spp. and Conocosia pugioniformis are widespread through
the coastal scrub communities and occur in canopy gaps with the Morro manzanita chaparral.
Following wildfire or prescription burn, these species can aggressively invade the and form
dense mats that can compete with small, slowing growing Morro manzanita seedlings, thus
precluding successful stand regeneration (D'Antonio 1990a, 1993, D'Antonio et al. 1993b).
Like the iceplant species, veldt grass (Ehrharta calycina) may spread following fire and
compete with Morro manzanita seedlings, reducing their establishment. In addition, the
perennial grass will increase the density of fine fuel and, in doing so, might increase the
frequency of fire, thus extirpating Morro manzanita. Annual grasses including Bromus
madritensis ssp. rubens, Bromus diandrus, and Avena spp. similarly threaten Morro manzanita
populations, both by competing with seedlings for scarce soil resources and initiating a
deleterious grass-fire cycle that can convert maritime chaparral to degraded grassland (D'Antonio
and Vitousek 1992, Brooks 1999).
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• Seed longevity unknown
• Small mammals,

All Life Stages

• Largely restricted to Baywood fine sand soils
• May require greater soil development,

pathogens may reduce seed
survivorship

moisture and nutrient availability
Seedbank

• Dormancy mechanism reduces germination
• Heat can enhance germination
• Seed density may be insufficient to replace
stand following fire, depending on time since
burn and perhaps other factors
• Seed depth (>5 cm) may reduce germination;
seedling establishment

• Flower production may be limited by water
•
•
•
•

availability in previous spring
Pollination required for seed development
Seed viability low (<10%)
Large mammals eat fruits; may disperse seed
Small mammals eat fruits and seeds

Juvenile

• Small mammal herbivory slows
growth to adult; reduces survivorship

• Mortality over first summer may be
high
Adult

• Prolonged drought or low rainfall
springs may reduce survivorship

• Number of years required to
reproduce unknown

• Longevity unknown, but >50 years
• Competition from trees may reduce
survivorship
• No known mortality due to pathogens
• Fire causes mortality

Figure B-2: Life history diagram for Morro manzanita, identifying the factors that can reduce transitions between life stages.
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B.3 SPLITTING YARN LICHEN
Conservation Status
Splitting yarn lichen (Sulcaria isidifera), is a Federal Species of Special Concern. The
California Natural Diversity Database ranks splitting yarn lichen as G1/S1.1, indicating that the
species has a limited distribution and abundance and is very threatened (CNDDB 2004).
Splitting yarn lichen is on the California Native Plant Society’s list of most endangered species
(List 1B), due to its narrow endemism and endangerment (CNPS 2001).
Available Information
There is very little information available about the biology of splitting yarn lichen. Brodo
(1986) described the species morphology and provided a brief sketch of the habitat in which it
was collected. He also included a brief description of the endemic lichen in the Lichens of North
America (Brodo et al. 2001).
Distribution and Taxonomy
Splitting yarn lichen is endemic to the Los Osos region in San Luis Obispo, California
(Brodo 1986). It has been reported from the Los Osos Oaks State Reserve, the Elfin Forest
Natural Area, Montaña de Oro State Park, Field Ranch, Morro Bay State Park, Rancho Cañada
de Los Osos, and Baywood Park (Magney 1999, CNDDB 2002).
Throughout North America, splitting yarn lichen is one of two species in the genus Sulcaria,
the other being S. badia (Bay horsehair lichen) which was historically found in disjunct
occurrences between Mendocino County in California and the north end of the Olympic
Peninsula in Washington (Peterson et al. 1998). Presently, Bay horsehair lichen is known to
occur in three northern California Counties (Lake, Mendocino, and Humboldt) and near Coos
Bay, Oregon, but is feared extirpated from Washington State (Toren and Niles 2003).
Lichens are classified based on their fungal species (mycobiont). Though S. isidifera and S.
badia are potentially closely related fungi, splitting yarn lichen and bay horsehair lichen may or
may not be comprised of the same or similar photosynthetic organisms (photobionts). Thus,
though they may have some characteristics in common, caution must be used in inferring
characteristics of splitting yarn lichen biology based on studies of its more widespread and wellstudied congener.
Morphology
Splitting yarn lichen is fruiticose lichen with a short, shrubby, densely tufted thallus that is
about 3-5 cm in length. It is dull yellowish to white in color, grading into light brown and
reddish-brown at the more exposed tips (Figure B-3). It may have shades of olive-grey in places,
though this might be influenced by its environment (Brodo 1986).

Adaptive Management and Monitoring Plan for the LOHCP Preserve System
B-28

J.M. McGraw

Covered Species Biologies

The main branches of the thallus are 0.3-0.5mm wide and split dichotomously, with resulting
secondary branches being 0.15-0.3mm wide and either equal or unequal in size. Small spine-like
branches perpendicular to the main and secondary branches originate from splits in the thallus of
splitting yarn lichen (Brodo 1986).
The branches of splitting yarn lichen thalli have lengthwise splits with wide, linear, soralia,
which are masses of erupted soredia—algal cells enveloped by fungal hyphae. The soralia of
splitting yarn lichen contain tiny spines and spine-like isidia—protuberances in the upper layer
(cortex) of the thallus which contain algal and fungal tissue. The ridges and isidia give a rough
texture to the otherwise smooth branches of splitting yarn lichen (Brodo 1986).
Splitting yarn lichen occurs with Bryoria spiralifera, which has a pendent thallus comprised
of reddish brown branches which have many spiny, perpendicular side branches (Brodo 1986,
Brodo et al. 2001).
Life History and Ecology
There is no information about the life history of splitting yarn lichen. The following are
hypotheses based on information available about other lichens.
Life Span
Other species of lichens have been found to form thalli that persist hundreds and even
thousands of years (Nash 1996). Because canopy fires typically kill lichens, splitting yarn lichen
would not naturally live longer than the return interval of the natural fire regime in the
communities. In maritime chaparral, the return interval for fire is estimated to be 50-100 years
(Odion and Tyler 2003). The return interval for fire may be much longer in the oak woodlands
where the splitting yarn lichen is primarily found (Greenlee and Langenheim 1990).
Reproductive Biology
There is no available information about the reproductive biology of splitting yarn lichen.
Like its congener, splitting yarn lichen may reproduce vegetatively, through fragmentation of the
thallus (Toren and Niles 2003). Unlike S. badia, however, splitting yarn lichen has abundant
isidia—small bumps on the thallus comprised of fungal material surrounding the photobiont (i.e.
algae or cyanobacteria). In addition to enhancing thallus light absorption, gas exchange, and
resulting photosynthetic capacity, these structures are readily detached and may provide a form
of vegetative reproduction (Hale 1967, Nash 1996, Brodo et al. 2001).
Dispersal
There is no available information about dispersal of splitting yarn lichen. If the abundant
isidia do provide vegetative reproduction, these small structures might be dispersed by wind or
by flying or climbing animals that come in contact with the lichens. Birds might provide
especially effective dispersal if they transport the putative diaspores (vegetative propagules) on
their feet or other portions of their bodies to shrubs and trees that provide suitable habitat.
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Habitat Characteristics
No studies have formally characterized the habitat of splitting yarn lichen. It has been
described as occurring on the branches of trees and shrubs including coast live oak (Quercus
agrifolia), chamise (Adenostoma fasciculatum), and buck brush (Ceanothus cuneatus var.
cuneatus) found on sandy soils between 20 and 30m in elevation (Brodo 1986). Within the Los
Osos region, these species occur in multiple plant communities which differ in numerous abiotic
and biotic characteristics which might influence splitting yarn lichen biology. However, there is
no information about the distribution of splitting yarn lichen among plant communities.
As with other lichens, moisture availability and appropriate radiant energy regimes (i.e.
balance of light and heat) may define the splitting yarn lichen microhabitat conditions. For
example, Sulcaria badia is primarily found on oaks and apple trees, which have an open canopy
structure. Etiolated (thin and pale colored) thalli observed on conifers within the same stands
suggested to researchers that light availability may be insufficient for long term thallus growth
and survival (Peterson et al. 1998).
Competition
Depending on the specific photosynthetic requirement of the photobiont (likely an alga)
within splitting yarn lichen, light availability may restrict the lichen’s distribution. Succession
may increase the cover of light-competitive species; though shrub and tree dieback and mortality
characteristic of late successional assemblages may facilitate lichen establishment. More
research is needed to determine the splitting yarn lichen habitat characteristics to evaluate the
potential impacts of light competition.
Predation
There is no information about predation upon splitting yarn lichen. Mammals including deer
are known to feed on lichens (Brodo et al. 2001).
Threats
Like the biology and ecology of the endangered species, the threats to persistence of splitting
yarn lichen are poorly understood. As a narrow endemic, splitting yarn lichen has undoubtedly
been threatened by the loss of habitat that has resulted from development in the Los Osos Valley.
Splitting yarn lichen may face additional threats to persistence, including: air pollution, arson or
wildfire, recreation, and over collecting.
Air pollution
Because they absorb chemicals rapidly from air and rainwater, lichens are especially
sensitive to air pollution including sulphuric and nitric acids, fluorides, ozone, hydrocarbons, and
metals. Though the prominent northwesterly winds of the Los Osos Valley bring air and rainfall
from the Pacific Ocean, lichen mortality may result from air pollutants created by cars, fire
places and wood burning stoves, and potentially local power generation.
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Fire
Crown fires that burn the branches of shrubs and trees to which the thalli are attached would
likely kill splitting yarn lichens. Arson and wildfires present a threat to the species, as would a
large prescription burn, especially if dispersal is limited.
Even if prescribed burns or wildfires do not directly kill the lichen, smoke from nearby,
upwind fires might negatively impact splitting yarn lichens due to the airborne pollutants, as
described above.
Recreation
Because the thallus of splitting yarn lichen is very brittle (Brodo 1986), recreation in and
around the canopies of trees and shrubs could readily detach the lichen from its branch and cause
mortality.
Over Collecting
Given its limited geographic range and narrow habitat specificity, and its likely small
population size, slow growth, and long life span, it is possible that extensive collecting of the
rare lichen could threaten populations. Lichens are collected by biologists for research, lichen
enthusiasts for their personal collections, and for creating dyes, though the latter is unlikely to
influence splitting yarn lichen populations.
Exotic Plants
Exotic plants may negatively impact splitting yarn lichen directly by competing with the
photobionts for light. This is especially true of exotic trees such as Eucalyptus, Pinus, and
Cupressus which are not known to host the rare lichen and may reduce light availability below
the levels which it requires in adjacent oak woodlands, maritime chaparral, and coastal sage
scrub communities. By reducing populations of appropriate substrate (“host”) plants, including
oaks, buckbrush, and chamise, competitive exotic plant species including not only trees, invasive
perennial grasses (Ehrharta calycina), and iceplants (Carpobrotus spp. and Conicosia
pugioniformis) can reduce the amount of suitable habitat for splitting yarn lichen and thus its
population abundance and distribution.
Other Indirect Effects
Activities that alter the light, moisture, or temperature regime of occupied habitat could
negatively impact splitting yarn lichens. As a result, development and recreational in areas
adjacent to the LOHCP Preserves can have indirect negative effects on splitting yarn lichen
populations. Within the Preserves, certain management activities such as vegetation clearing in
areas adjacent to splitting yarn lichen stands could similarly alter important aspects of their
abiotic environment.
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B.4 INDIAN KNOB MOUTNAINBALM
Conservation Status
Indian Knob mountainbalm (Hydrophyllaceae Eriodictyon altissimum P. Wells) is listed as
endangered on both the State and Federal endangered species lists (USFWS 1994) and is on the
CNPS list of most threatened and endangered species (List 1B; Skinner and Pavlik 1994).
Available Information
There is little available information about the biology of Indian Knob mountainbalm
(IKM). It was first collected in 1960 and described in 1962 (Wells 1962). There has been no
research examining the ecology of the species. The role of leaf resins in deterring insect
herbivory of Eriodictyon californicum, a widespread congener, has been investigated (Johnson et
al. 1985).
Distribution
The known distribution of Indian Knob mountainbalm is restricted to six stands located
in western San Luis Obispo County. One stand is found on Indian Knob, a rock outcrop area
south of San Luis Obispo and north of Pismo Beach. The other five occurrences are found in the
communities of the Baywood fine sand soils in the Los Osos Valley (USFWS 1998).
Biology
Habitat Preference
Indian Knob mountainbalm occurs on sandy soils derived from marine sandstone at
Indian Knob and Pleistocene older and partly cemented eolian deposits in the Los Osos Valley
(i.e. the Baywood fine sand soils; D. Chipping, pers. comm.). In both areas, Indian Knob
mountainbalm occurs in vegetation characterized as a mosaic of chaparral and oak woodland
vegetation. Within these communities, the distribution of Indian Knob mountainbalm is very
limited; however, the microhabitat characteristics of Indian Knob mountainbalm have yet to be
examined. Observations at the Bayview Unit of the Morro Dunes Ecological Reserve indicates
that remaining individuals of Indian Knob mountainbalm are found in gaps within the otherwise
contiguous canopy comprised primarily of Morro manzanita and coast live oak (J. McGraw,
pers. obs.). More research is needed to determine the habitat characteristics required for
persistence of Indian Knob mountainbalm within the Los Osos Preserve System.
Morphology
Indian Knob mountainbalm is a tall (2-4 m) erect, evergreen shrub with diffuse branches. Its
sticky stems support 5-9 cm long, narrow (2-4 mm wide) linear leaves with rolled margins that
have a sticky upper surfaces and dense white hairs on their lower surfaces. Indian Knob
mountainbalm produces lavender to whitish yellow tubular flowers that are 11-15 mm long and
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sparsely hairy. Its fruits are narrow capsules that produce seeds that are small (ca. 0.4 mm long)
and brown (Wells 1962, Hickman 1993).
The inflorescence of Indian Knob mountainbalm is morphologically similar to that of
Eriodictyon californicum. However, Indian Knob mountainbalm has narrow, rolled leaves that
do not resemble this more widespread congener but instead are similar to that of Eriodictyon
capitatum (Lompoc yerba santa), which has a very different inflorescence. The two congeners
do not occur within the distribution of Indian Knob mountainbalm, which is not thought to be a
hybrid of the two other species (Wells 1962).
Phenology
Indian knob mountainbalm flowers in early summer (June-July) and develops fruit in
summer and early fall. There is no available information about other aspects of the species
phenology. As with other shrubs in California’s Mediterranean climate, Indian knob
mountainbalm seeds likely germinate with the onset of the rains between October and December,
though this has not be observed.
Life History
Indian knob mountainbalm is a polycarpic perennial shrub. Based on observations of
slow-growing lichens attached to its stems, Indian knob mountainbalm is thought to be longlived (USFWS 1998), though no estimates for its life span are available. The small size of
colonies suggests current individuals are survivors of once larger populations; however, there is
no information about historic population densities of Indian Knob mountainbalm. The age or
size of shrubs at the onset of reproduction is currently unknown.
Vegetative Reproduction
Indian knob mountainbalm is said to be able to establish additional ramets (e.g. clones)
from root sprouts (‘suckers’; Wells 1962). This form of vegetative reproduction has important
implications for population persistence, by influencing regeneration following disturbance,
sexual reproduction, and genetic diversity.
Following fire, Indian knob mountainbalm may be able to re-establish from belowground
tissues that remain. Removal of aboveground parts combined with changes in abiotic and biotic
conditions following fire may increase the rate at which new ramets (‘clones’) are produced from
the root structures of current individuals.
Because it can spread vegetatively, multiple plants observed within a given occurrence
may be part of the same genet—genetically unique individual. If this is the case, and if Indian
knob mountainbalm is self-incompatible, then uniclonal patches may not be able to reproduce
from seed, at least not substantially so, unless viable seed remains within the seed bank.
Clumped plant distributions can result not only from clones developing from common root
structures, but also limited seed dispersal and higher rates of establishment and survival in
appropriate habitat conditions, which tend to be spatially autocorrelated (i.e. clumped). As a
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result, it is not possible to determine whether individual ramets observed within remaining stands
are genetically distinct individuals, without perhaps destructively examining their underground
structures.
Vegetative reproduction of Indian knob mountainbalm also has potentially importance for the
genetic diversity and resulting persistence of the species. If the species requires fire to reproduce
sexually, the remaining small populations are comprised of one or a few genets that have
survived in the absence of fire, and there is no viable seed bank, then the populations may have
gone through narrow genetic bottlenecks. Such reductions in genetic diversity might reduce the
population persistence, even following successful management to increase establishment and
thus population abundance.
There is no information available about the factors which influence vegetative reproduction
in the species, such as the age or stage of the parent plant, the habitat conditions, or role of
disturbances such as fire in initiating formation of a new ramet. Based on observations of high
density, vigorous stands along road cuts at Indian Knob, Wells (1962) hypothesizes that the
species is disturbance-dependent for its reproduction, though does not specify whether
establishment in disturbed areas occurs exclusively from seed.
Sexual Reproduction
Mating System
Indian Knob mountainbalm plants are have perfect flowers (i.e. that posses both stamens
and a pistil). It is not known whether these flowers can self pollinate. It is also not known
whether the species is self-incompatible (i.e. ovary of a given individual plant cannot produce a
seed after receiving pollen from the same plant), as is the case with the narrow-leaved congener
endemic to Santa Barbara County, Lompoc yerba santa (Eriodictyon capitatum; (Elam 1995).
Pollination Biology
There is no specific information available about the pollination biology of Indian Knob
mountainbalm. The recovery plan for the species reports that “a variety of nonspecialists
potentially pollinating insects have been recovered visiting the flowers of this species”; however,
there is no reference made to the study or observers (USFWS 1998 p. 23).
Seed and Seedling Biology
Due to their low weight (0.2 mg), Indian Knob mountainbalm seeds are hypothesized to be
wind dispersed (Wells 1962). Based on its association in fire-prone chaparral communities, its
ability to regenerate from belowground structures following fire, its low abundance or perhaps
absence of seedling and juveniles within remaining stands, and its high abundance along
roadsides and other disturbed areas (Wells 1962), it is hypothesized that Indian Knob
mountainbalm requires disturbance, specifically fire, to stimulate seed germination and/or create
habitat conditions required for seedling establishment. Research is required urgently needed to
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determine the regeneration niche of Indian Knob mountainbalm and the potential role of fire and
fire surrogates in facilitating recruitment within these aging populations.
Local botanist John Chesnut is quoted in the recovery plan as indicating that that seed set is
low in Indian Knob mountainbalm plants observed (USFWS 1998 p. 23); however, there is no
information about the nature of the observations. Low seed set is consistent with selfincompatibility in small populations comprised of one or just a few genets (as described below).
Low seed set can also result due to insufficient pollinator visitation, which can be problematic in
small populations of plants which require specialist pollinators.
There is no information available about Indian Knob mountainbalm seed predation, seed
viability, seed dormancy, seed germination, or seed bank dynamics.
Threats
Though the original range of Indian Knob mountainbalm within the Los Osos Valley is
unknown, its is likely that rare plant’s populations have been reduced due to habitat destruction,
which has reduced the areal extent of maritime chaparral communities (Tyler et al. 2000).
Habitat conversion for development and agriculture has also fragmented remaining habitat
patches, thus reducing the size of remaining populations and increasing their extinction risks due
to environmental stochasticity (e.g. wildfire, drought, disease), Allee effects (reductions in
population growth due to insufficient population size), and reduced fitness due to inbreeding
depression.
Within protected habitat, Indian Knob mountainbalm populations are threatened by fire
exclusion, exotic species, recreation, and perhaps a wildfire.
Fire Exclusion
The widespread exclusion of fire has likely reduced the populations of Indian Knob
mountainbalm. Remaining occurrences are restricted to gaps within otherwise contiguous shrub
cover and consist of fewer than 50 individuals (USFWS 1998), many of which may be senescent
as indicated by sparse leaves confined to branch tips which were observed even during Wells
initial description of the species (Wells 1962). As a natural disturbance in the system, fire is
likely required to facilitate both sexual and vegetative reproduction. In the absence of fire,
canopy gap closure may occur, thus creating unsuitable conditions for remaining plants, many of
which may be susceptible to mortality due to disease, herbivory, or senescence. Suppression of
naturally occurring wildfire and avoidance of prescription fire as a management tool due to
proximity of development may cause the extirpation of the remaining stands.
Exotic Plants
Exotic plant species may threaten the persistence of Indian Knob mountainbalm even within
the LOHCP Preserve System, directly through competition, and indirectly, by altering abiotic
conditions, rendering them unsuitable for the species. Large, shade producing trees including
Eucalyptus spp, and introduced conifers (Pinus radiata and Cupressus macrocarpa) reduce light
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availability for Indian Knob mountainbalm, which is likely adapted to the open canopy
conditions characteristic of early successional chaparral. These trees may also compete with
seedling and adult Indian Knob mountainbalm for soil resources, including water which can be
scarce in the sandy soils.
Iceplants including Carpobrotus spp. and Conocosia pugioniformis are widespread through
the coastal scrub communities and occur in canopy gaps with the Morro manzanita chaparral.
Following wildfire or prescription burn, these species can aggressively invade and form dense
mats that might compete with small, slowing growing Indian Knob mountainbalm seedlings, thus
precluding successful stand regeneration (D'Antonio 1990a, 1993, D'Antonio et al. 1993b).
Like the iceplant species, veldt grass (Ehrharta calycina) may spread following fire and
compete with Indian Knob mountainbalm seedlings, reducing their establishment. In addition,
the perennial grass will increase the density of fine fuel and, in doing so, might increase the
frequency of fire, thus extirpating Indian Knob mountainbalm. Annual grasses including Bromus
madritensis ssp. rubens, Bromus diandrus, and Avena spp. similarly threaten Indian Knob
mountainbalm populations, both by competing with seedlings for scarce soil resources and
initiating a deleterious grass-fire cycle that can convert maritime chaparral to degraded grassland
(D'Antonio and Vitousek 1992, Brooks 1999).
Recreation
The Indian Knob mountainbalm stand within the Bayview Unit of the Morro Dunes
Ecological Reserve is located along a trail. In the absence of fire, the chronic disturbance due to
recreational use may maintain the open canopy conditions required for Indian Knob
mountainbalm persistence within the otherwise closed-canopy maritime chaparral and oak
woodlands. However, recreation can negatively impact remaining individuals through direct
trampling and compacting the soil to preclude vegetative reproduction through establishment
from roots. Due to the low density and senescence of remaining individuals, it is important that
all potential threats be addressed to preclude population extirpations and ultimate extinction.
Wildfire
A large wildfire may threaten persistence of Indian Knob mountainbalm if conditions of the
fire reduce regeneration from seed and/or suckers. There is no current evidence to suggest the
species is susceptible to decline as a result of fire; however, given the small geographic range
and low density of remaining populations, a conservative approach to management should
include prevention of wildfire.
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Figure B-3: Life history diagram for Indian Knob mountainbalm, identifying the ors that can reduce transitions between life stages
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B.5 MORRO BAY KANGAROO RAT
The “Draft Revised recovery Plan for the Morro Bay Kangaroo Rat” (USFWS 1999)
provides a thorough synthesis of its conservation status, biology, ecology, and threats to
persistence.
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APPENDIX C: EXOTIC PLANT MANAGEMENT
Exotic plants have been identified as one of the current stresses to the sensitive species and
communities of the Baywood fine sands (USFWS 1994, Tyler and Odion 1996, JSA 1997,
USFWS 1998, 1999). In addition, future invasions are likely to greatly impact this endangered
system, and influence the ability of the Los Osos Habitat Conservation Plan to attain its
biological goals.
This appendix integrates the best available biological information to:
1. Outline the approaches that will be used in exotic plant management
2. Identify the techniques currently available for combating exotic plant species
3. Describe the distribution, ecology, and impacts of exotic plant species presently in the
LOHCP Preserve System.
The information it contains was used to develop the specific management strategies, targets, and
techniques in Element 2 of the LOHCP Preserve System Management Plan (Chapter 3). This
initial effort provides a framework for future management planning. Future efforts should be
informed by increased knowledge of the ecology of the endangered communities and sensitive
species, the biology of the exotic species, and effective techniques for their management
developed through research and initial management efforts as part of the LOHCP.
Introduction
Though the Baywood fine sands are relatively droughty and low in nutrients (Service
1984), exotic plant species have successfully colonized the communities of the region. Primarily
originating in regions experiencing Mediterranean climates, these species are termed “exotic”
because they were not present in the region prior to the arrival of Spanish colonists in the 1700s
and therefore are likely present in the system due to direct and indirect effects of humans.
Though exotic plants of the LOHCP Preserve System vary in aspects of their ecology which
influence their impacts, in general, they likely compete with populations of native plants and
reduce the diversity of the native plant associations. By doing so, exotic plants likely degrade
habitat required by many native animal species, including populations of sensitive species.
Certain exotic species and functional groups of exotic species, such as the perennial grasses,
have the potential to further degrade habitat by altering ecosystem processes including
disturbance regimes, and water and nutrient cycling (D'Antonio and Vitousek 1992, Haubensak
2001). The specific known and hypothesized impacts of exotic plant species presently found in
the LOHCP Preserve System are further discussed in section C.3.
Exotic plant species will likely present a continuing stress and challenge for management in
the LOHCP Preserve System. New exotic plants will likely invade the region (Janzen 1986,
Levine and D'Antonio 2003). Propagule pressure combined with alterations in conditions (e.g.
climate change, nutrient deposition, fire) may create new opportunities for invasion into the
LOHCP Preserve. Once exotic plants become established, the costs of eradication and control
efforts can far exceed that of prevention programs.
As a result of these current and future challenges, exotic plant management will require a
rigorous approach to facilitate conservation goals of the LOHCP Preserve System.
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C.1 APPROACHES TO EXOTIC PLANT MANAGEMENT
The large negative impacts of exotic plants on natural communities and populations of
sensitive species necessitate active management to reduce the abundance and distribution of
exotic plant species. The following general approaches to exotic plant management will be used
to facilitate the conservation goals of the LOHCP.
Exotic Plant Management Planning
Based on the findings of an initial inventory of exotic plant species within and adjacent to the
Preserves System, an exotic plant management plan will be developed and will include:
1. Baseline data documenting the current distribution and abundance of each species
2. Strategies, targets, and techniques for exotic plant management within the Preserve
System
3. A coordinated program for exotic plant management with the preserve system, including
a. a prioritized list of exotic plant control and eradication projects
b. timelines and budgets for project implementation
c. a detailed program for exotic plant prevention
Exotic Plant Management Strategies and Targets
Within the Preserve System, individual Preserve Areas differ in many features which will
influence the specific strategies, targets, and techniques of exotic plant management. These
include:
1. The species richness, distribution, and abundance of exotic plants present
2. Exotic plant species and land use in areas adjacent to the preserve
3. The structure and composition of the native communities, including the distribution and
abundance of sensitive species
4. Other management projects to be implemented (i.e. recreation, fire, etc.)
Exotic Plant Species Assessment
The first step in the development of an Exotic Plant Management Plan will be to inventory
the exotic plants in the Preserve System, assess the significance of their impacts, evaluate the
feasibility of their control, and use this information to rank exotic species according to the
urgency of management.
Inventorying Exotic Plants
Through a systematic survey of the LOHCP Preserve System, a trained biologist will
document the distribution of all exotic species. The occurrence of exotic plants adjacent to the
Preserve System should also be recorded. The initial inventory will also determine the
abundance of exotic species in the site. For purposes of the initial evaluation of species, relative
abundance categories will be assigned to facilitate assessment of impact and likelihood of
control. Ultimately, a quantitative sampling regime will be used to estimate density or percent
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cover, which can be provide baseline data for tracking changes through time and evaluating
effectiveness of management. The resulting distribution and abundance data should be
incorporated into the LOHCP Preserve System geographic information system (GIS).
Assessing Impact Significance
The significance of impact of each exotic species found within the site will be assessed. For
each species, the current impacts and the likelihood that the species will increase in impact at a
later date will both be evaluated (Hiebert and Stubbendieck 1993). Current impact
determinations will consider the distribution, abundance, and known or likely effects on species
(incl. sensitive species) and ecosystem processes (e.g. succession, nutrient cycling, fire, etc.).
Future impacts will be evaluated by assessing the species’ reproductive ability, dispersal ability,
habitat requirements, competitive ability, and known impacts in natural areas that might be
similar in characteristics (e.g. soils, climate, vegetation structure, etc.) to the Baywood fine sands
communities characteristics (e.g. Guadalupe-Nipomo Dunes).
Section C.3 summarizes some of the information that would be incorporated in an impact
assessment, which should be greatly expanded following the detailed assessment of the species
distribution and abundance as part of the inventory.
Determining Feasibility of Management
For each exotic plant species, the feasibility of successful management should be evaluated.
Specific management goals (prevention, eradication, and control) are discussed in the next
section. In general, feasibility would be the function of four main factors: 1) current
distribution, 2) current abundance, 3) biology, and 4) availability of effective treatments.
Distribution: Narrowly distributed plants, including those limited to specific microhabitats
and those that have only recently invaded, will be more feasible to manage than widespread
plants.
Abundance: Plants which occur in low abundance (low population densities) may be more
easy to control than those that occur at high density.
Biology: Several aspects of exotic species biology can reduce susceptibility to control,
including:
a. Development of a seedbank
b. Ability to regenerate vegetatively (i.e. from stems, roots, and other structures)
Treatments: Several aspects of management treatments that will influence feasibility
include (Hiebert and Stubbendieck 1993):
a. Whether effective treatments have been developed
b. The cost of treatments
c. Collateral damage and potential for unintended negative impacts of treatments

Adaptive Management and Monitoring Plan for the LOHCP Preserve System
C-3

J.M. McGraw

Exotic Plant Management

A complete review of the literature combined with conversations with experienced land
managers in the region will be used to assess management feasibility.
Ranking Exotic Plants for Management
Based on their impact and management feasibility, exotic plant species should be ranked
according to the urgency for management. A ranking system based on quantitative assessments
of species impact and the management feasibility such as that developed for the National Park
System (Hiebert and Stubbendieck 1993) could be used to objectively rank species, and avoid
inadvertent bias which could reduce effectiveness of the overall program.
Exotic Plant Management Goals and Objectives
Exotic plant management will follow carefully established goal, each with one or more
specific, quantitative objectives. In both the Preserve System and Preserve Area management
plans, these goals and objectives will be developed in consideration of the overall management
goals to minimize conflicts with regard to recovering sensitive species, enhancing native species
diversity, maintaining a patch mosaic of communities, and the other conservation goals (Chapter
2). Both long term and short term (e.g. project) goals will be developed and, as with all
management in the LOHCP Preserves, adaptive management protocols will be used to evaluate
and facilitate goal attainment.
Three main types of goals will be pursued: prevention, eradication, and control.
Prevention of Exotic Plant Establishment
The communities of the Baywood fine sands will inevitably be subject to further invasion, as
aggressive exotic plants continue to invade California and perhaps conditions within the habitat
change. Given the strong negative impacts of exotic plants on species and communities, and the
large effort required to control these species, the invasion of new exotic plants will be prevented
if at all possible. The opportunity costs of focusing on eradication and control efforts to the
deficit of prevention will be considered in overall exotic plant management prioritizations
(described below).
New invasions will be prevented through a program that will:
a. Reduce invasive exotic plants adjacent to the Preserves
b. Limit introduction of foreign material into Preserves
c. Conduct education and outreach
d. Establish methods for early detection
e. Plan for early eradication
Reduce Exotic Plants Adjacent to the Preserves: Though transportation and recreation
can bring seed from long distances, most exotic plant introductions will result from short
distance dispersal from areas adjacent to the LOHCP Preserves. Through targeted outreach
and individual coordination with adjacent landowners, the LOHCP Preserve Manager will
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attempt reduce the distribution and abundance of invasive exotic plants not found within
individual Preserves or the Preserve System as a whole.
Limit introduction of foreign material into Preserves: The following steps will help
reduce the inadvertent introduction of exotic plants into the preserve system.
1. Construction and restoration projects will use gravel, fill, mulch, straw, and propagated
plants that are ‘weed free’ (Tu et al. 2001).
2. Any vehicles entering Preserves will be washed.
3. Recreational trails will be managed to minimize dispersal opportunities, including by:
a. Not connecting Preserves areas to highly invaded habitats
b. Removing exotic plants from parking lots, staging areas, and trailheads
c. Encouraging recreators to monitor themselves and their stock for weed seed
d. Requiring that equestrians use only weed free hay when recreating in Preserves
Education and Outreach: Outreach should be used to educate landowners and recreators
about the detrimental impacts of exotic plants and the steps people can take to help prevent
new invasions. Residential landowners adjacent to Preserves will be encouraged not to grow
invasive species including jubata grass, iceplants, and Eucalyptus.
Early Detection: Systematic monitoring for new exotic plants will occur annually within
the preserve system to prevent new exotic species that arrive from successfully colonizing.
Heightened vigilance will prevent establishment following events known to promote invasion
including:
1. disturbances (fire, roads or trails creation, landslides, exotic plant removal projects)
2. very wet years (e.g. El Niño years)
3. soil amendment and fertilization, including application of herbicides
Early Eradication: Exotic plant management in the LOHCP Preserve System will include
the necessary mechanisms (incl. funds) for eradicating newly invaded exotic plant species
during the first year the plant is detected.
Exotic Plant Eradication
Eradication, complete elimination of the species, will be a goal of exotic plant management
where feasible. Species that should be considered for eradication include:
1. recently invaded exotic plant species
2. narrowly distributed exotic species
3. exotic species that occur at low density
Recent invasions: Most invasions begin with one or a few individuals in a single area.
Removal efforts focused on such new invasions can be successful, in large part due to the
limited geographic area and the low number of individuals requiring treatment. Moreover,
recent invasions of species requiring more than one season of growth prior to reproduction
(shrubs, trees, and many perennial herbs) can be successfully eradicated if removed before
they have the opportunity to reproduce. This can be especially important for species that
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develop seedbanks (populations of dormant seed) or other belowground dormant structures
(e.g. bulbs, tubers) that can be difficult to locate and remove.
Narrowly distributed species: All else being equal, species can be more easily eradicated if
they occur in a smaller geographic area, where focused treatments can successfully remove
every individual. Several exotic species have narrow distributions and can be eradicated,
including:
a. Species that were deliberately planted (e.g. many tree species and ornamentals)
b. Species that are restricted to narrow microhabitats within the Preserves (e.g. along
roads or creeks, near structures, etc.).
Less Abundant Species: Small populations oftentimes comprised of just a few, sparsely
distributed individuals can be more readily eradicated than large populations. Presumably
conditions are not conducive to their widespread establishment; however, rather than
allowing them to persist and build up potentially explosive seed reserves, managers will
eradicate these exotic species before conditions change (e.g. fire, drought, wet years, climate
change, succession, etc.), allowing them to proliferate.
Exotic Plant Control
Exotic plants that have strong impacts yet cannot feasibly be eradicated will be the subject of
control efforts, which will be designed to reduce their current negative impacts and potential for
future impacts on the sensitive species and communities by:
1. Preventing their spread
2. Reducing their abundance (e.g. density)
3. Reducing their distribution
4. Reducing their vigor
The success of exotic plant control projects can be aided through consideration of the
following guidelines.
1. Remove outliers—individuals or isolated patches of plants which are geographically
isolated from larger patches
2. Remove exotic plants along trails, which can act as corridors for invasion to intact habitat
3. Prevent spread by controlling patches at their perimeters, then working inward
4. Prevent the spread of wind-dispersed species including grasses and Asters, among others,
by working from upwind (where the sources is) to downwind (where seeds are
landing)
Depending on the species and community, exotic plant control will proceed via one or more
approaches:
1. Ecosystem-level approach
2. Targeting single species
3. Targeting functional groups.
Ecosystem-Level Approaches: Management efforts focused on controlling exotic plant
species by addressing ecological processes that influence their distribution, abundance, and
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population performance may be the most cost-effective strategies for controlling widespread
and abundant exotic species over large spatial and temporal scales. Fire management, which
includes both prescription burning and wildfire suppression, and grazing are two common
ecosystem approaches.
Functional Group Approaches: Exotic plant species with similar ecologies can be targeted
with similar methods, perhaps increasing efficiency over single species efforts. In the
LOHCP Preserves, the same control methods might be used for various species of iceplants.
Single-species approaches: A single species approach will be used in cases where a species
has large impacts and/or a unique ecology which requires specialized treatment, including in
the case of veldt grass.
Coordinating Exotic Plant Management Among Adjacent Land Owners
The success of exotic plant prevention, control, and eradication projects within the LOHCP
Preserves will be greatly enhanced through cooperation with adjacent landowners. Outreach
efforts will encourage residential homeowners adjacent to preserves to avoid planting invasive
exotic plants within their landscapes.
Where LOHCP Preserves are adjacent to habitat managed as open space, LOHCP land
managers will coordinate exotic plant management projects with adjacent landowners, as
feasible. Many LOHCP Preserves are adjacent to California State Parks which have active
programs to control invasive exotic plants, including veldt grass and ice plant species.
Coordination with State Parks Resource Ecologists will likely enhance efforts on both sides of
the fence.
Exotic Plant Management Prioritization and Implementation
Exotic plant management will likely consume a large portion of the budget allocated for
monitoring and management within the LOHCP Preserve System. Though this is justified, given
the current and potential future negative impacts of exotic plants, it is critical that the funds be
used judiciously. One critical component of this is proper use of adaptive management methods
to ensure that exotic plant projects are indeed effective. If project goals are not attained and/or
the project does not appreciably advance the conservation goals of the LOHCP, future projects
should be modified, as needed, or not conducted at all. The successful design and evaluation of
projects can be facilitated by the scientific approaches outlined in Appendix A.
Within the exotic plant management program, funds will not be sufficient to conduct all
projects. An objective system of prioritizing exotic plant management will be established to
facilitate the best use of funds. Within projects, cost-benefit analysis will be used to weigh to
relative merits of different targets and techniques. A schedule of exotic plant management
projects will be developed to reflect the priorities. Scheduling exotic plant management will also
be important to address the crucial role in the season often plays in influencing treatment effects.
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The priorities, schedules, and budgets, will be subject to critical review by landowners and
trustee agencies, and amendment per results of LOHCP management projects, availability of new
information (e.g. science, new techniques), and new stresses and threats (within exotic plant
management, new priorities in overall management).
C.2 EXOTIC PLANT MANAGEMENT TECHNIQUES
A seemingly infinite number of techniques have been developed to kill or damage exotic
plants. In addition, techniques are often used together to enhance effectiveness (Bossard et al.
2000), sometimes synergistically so (Tu et al. 2001). The following section describe techniques
that might be useful in exotic plant management in the LOHCP Preserve system, by describing
the basic technique, discussing its effective use, then evaluating the benefits and potential
negative impacts of its use. The LOHCP Preserve Manager will maintain a synthesis of
available knowledge from the literature, invasive species biologists, weed scientists, and other
land managers, to identify specific techniques for examination and maintaining up to date
information about the available techniques for management.
Exotic plant management techniques have been broadly categorized as physical,
biological, or chemical (Hoshovsky and Randall 2000).
Physical
Exotic plant species can be physically controlled using manual and mechanical removal, fire,
mulching, and soil solarization.
Manual and Mechanical Removal
A wide variety of techniques have been developed to remove plants or plant biomass by
hand, with our without hand tools (manual removal), or using mechanized tools (mechanical
removal). These include various types of cutting and pulling as well as girdling.
Cutting: Cutting exotic plants at their base using saws (manual or chain), machetes, loppers,
brush cutters, weed whackers, mowers, and brush hogs (which twist off aboveground
biomass) can sometimes effectively kill them. Many exotic species resprout when cut, and
therefore require physical treatments, such as stump grinding, or chemical treatment with
herbicide.
Girdling: An incision cut into the trunk of a tree around its circumference can sever water
and nutrient transport conduits in the trunk, thus killing the tree. While left standing in many
systems, girdled trees and shrubs should be removed as standing dead trees will continue to
produce shade and litter and, once they fall, will negatively impact native plants directly,
through crushing, and indirectly, by usurping space as the process of decomposition will be
slow, leaving the dead tree on the soil surface for decades.
Pulling: Because cutting often allows plants to resprout, pulling exotic plants out by their
roots is often more effective. The loose sand soil conditions in most areas of the LOHCP
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Preserve System will render it fairly easy to hand-pull seedlings as well as adults of many
species. Pulling can be aided by Weed Wrenches (The Weed Wrench Company, Eugene,
Oregon), which consist of a lever connected to a clamp which, when attached to the base of
the plant, allows one to leverage the shrub out of the ground using one’s weight. The
disadvantage of pulling is that some species may be facilitated by the soil disturbances that
results from removing the root mass from below the soil surface.
Fire
Blowtorches and flamethrowers: Flames can be used to kill exotic plant individuals or
patches through incineration or heat-girdling. When used during wet weather, risk of fire is
greatly reduced (Tu et al. 2001).
Prescribed burning: Broadcast burning removes aboveground individuals, and for many
species with dormant seed banks, either kills seeds or induces their germination, after which
seedlings can be removed (Bossard et al. 2000). In fire management, aspects of the fire
regime including seasonality and intensity of the burn, among other aspects, will influence
fire impacts.
For some exotic plants, fire stimulates seed germination, while many others are adapted
to the open conditions created by fire (Bossard 2000). Thus, burning, especially in closed
canopy communities, could inadvertently benefit exotic species (Appendix C). Oftentimes a
single burn is not sufficient, but several consecutive burns are needed to control exotic plants.
For example, an initial burn can be to kill aboveground individuals and stimulate germination
from the seedbank, and a second (and sometimes third or fourth) burn used to kill the newly
established seedlings.
Mulching
Litter or other cover on the soil surface that reduces light availability and thus photosynthesis
can inhibit populations of many exotic plants. To prevent new seedling establishment or
resprouting following removal of adult shrubs and trees, a variety of mulches including straw
and hay, sawdust and wood chips, grass or other clippings (Tu et al. 2001). Native plants and
animals of the Baywood fine sands might also be inhibited by mulches, so mulches should not be
widely applied within intact habitat, but may be an effective way to control dense infestations of
exotics in highly degraded areas lacking native populations. For example, in dense stands of
Eucalyptus, which typically contain very low diversity and cover of native plant species, cut
stumps could be covered with black plastic tarps to inhibit re-sprouting and thus killed trees.
Such “tarping”, as it is called, might be used to remove exotic plants in other degraded sites, but
should not be used as a widespread treatment within intact habitat (Horowitz 2003).
Solarization
Increasing soil temperatures by placing clear plastic sheets over moist soils, causing a
greenhouse effect, can kill many seeds and thus prevent their germination. As with mulching
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and tarping, this treatment will kill most plant seeds, regardless of whether they are native or
exotic, and should therefore only be used in highly degraded areas.
Biological
Biological control methods use natural enemies of exotic plants to reduce their abundance or
vigor and thus their negative impacts on native species. Three types of biological control include
biocontrol, competition through restoration, and grazing (Bossard 2000).
Biocontrol
Biocontrol is the process by which natural enemies of target species including animals,
fungi, and other microbes are released into the wild to predate upon or parasitize exotic plants.
Prior to their release, biocontrol agents are rigorously tested to insure that they do not negatively
impact native species and must be approved for use by the USDA. This extensive process
precludes the use of biocontrol agents on all but a few of the worst pest plants.
Competition through Restoration and Management
Native plants can compete with exotic plant species, thus reducing their performance and
ultimately their populations. Typically, exotic plants are problematical because they are strong
competitors for resources and thus ‘out compete’ native plants. Restoration techniques that ‘tip
the balance’ (Corbin et al. 2004) towards native species might enhance native biodiversity. Such
techniques can include: propagating and reseeding native species, reducing the availability of
nutrients through carbon addition, and facilitating succession.
Planting and seeding native species: In highly degraded areas where native plant
propagule supply is limited, control of exotic plant species may be facilitated by sowing or
planting native plants in conjunction with exotic plant removal or other control techniques.
A very conservative protocol for procuring, propagating, and out planting plant material must
be adhered to in order to protect the native genetic diversity of the site. In general, sowing
seeds and planting seedlings or cuttings of native species into intact, preserved habitat should
be limited. Preserves should maintain native biodiversity and natural community structure,
and management should simply counteract, where possible, the negative impacts of
anthropogenic alterations to habitat, not engineer desired landscapes. Ecological research
relies heavily on examination of natural distribution and abundance patterns of species and
assemblages. Planting will reduce the ability of researchers to investigate the species and
community ecology in Preserves.
Reducing soil nutrient availability: Exotic plant species in the Baywood fine sands may
require higher nitrogen availability. These include Bromus diandrus, which is found in high
density in the recently abandoned pea fields on Powell II. Facilitating uptake of nitrogen by
soil microbes including bacteria by adding carbon via sugar (e.g. sucrose) or sawdust has
been shown to reduce plant available soil nitrogen. Such restoration may return the
competitive advantage to native plants that are adapted to the low availability of soil nutrients
in the Baywood fine sands (Haubensak 2001, Corbin and D'Antonio in review).
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Succession: Many exotic plants in the communities of the Baywood fine sands are early
successional species that require environmental conditions characteristic of post-disturbance
environments, including high availability of light and soil resources. The natural
successional trajectory coastal sage scrub and Morro manzanita chaparral communities
recovering from disturbance (i.e. clearing and tillage, recreational use) will likely render
conditions less suitable for these species. Unfortunately, succession will also reduce
suitability of habitat for native early successional species, including sensitive plants and
animals. Thus, widespread late successional conditions should not be a goal in preserve
management, though succession might be effective in reducing some species including veldt
grass, which observations suggest decreased in abundance in dune scrub at Montaña de Oro
(M. Walgren, pers comm.).
Grazing
Recent efforts to decrease exotic plant abundance at large spatial scales in other systems
have focused on the role of grazing animals. Livestock including goats, sheep, and cattle as well
as chickens have been used to control exotic plants; however, the impacts of grazers on plant
communities have been mixed. Grazing has been proven effective in enhancing diversity of
native forbs in mesic grasslands (Hayes and Holl 2003); however, grazing has also been shown
to facilitate, rather than reduce, populations of some exotic plant species and increase the
distribution of exotic plants by vectoring weed seed through animal droppings (Tu et al. 2001).
As with all management in the LOHCP Preserve System, techniques that match natural
processes to which the native species are adapted are more likely to have beneficial effects. It is
not known whether the native communities of the Baywood fine sands are evolved under a
regime of native grazers (e.g. elk, antelope) and therefore might benefit from grazing to reduce
exotic plants.
Grazing may degrade native communities by reducing populations of sensitive species and
causing soil disturbance which can cause soil erosion and enhance invasion and spread of exotic
species such as veldt grass and jubata grass. As a result of the strong potential for such negative
impacts, grazing is only recommended as a method of removing dense infestations of exotic
plants (and low native plant cover) in areas for which there is no other conceivable removal
method. Grazing should avoid areas with populations of sensitive plants and animals, where
soils remain intact (i.e. have not been mechanically disturbed), and where the topography is
steep. In these cases, the smallest effective grazers (e.g. sheep and goats, not cattle) should be
penned into the designated area and removed immediately following treatment.
Chemical
In chemical control, herbicides are used to kill exotic plants or inhibit their growth.
Herbicide use has been evaluated as a control technique for many if not all of the exotic species
that occur in LOHCP Preserve (Bossard et al. 2000), with some tests by State Parks staff having
been conducted in the communities of the Baywood fine sands (M. Walgren, pers comm.).
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Potential negative impacts of herbicide use to control exotic plants in the LOHCP
Preserves system include:
1. collateral damage to native species, including sensitive plants and animals
2. facilitation of additional exotic plant invasion, due to disturbance and/or increase nutrient
availability associated with the die-off and herbicides themselves
3. contamination of groundwater due to the porous nature of the Baywood fine sand soil
In general, the risks of herbicide use can be reduced by using one or more of the following
precautions (Hoshovsky and Randall 2000):
1. selecting chemicals that
a. are selective (kill only one or a few species)
b. are non-toxic to animals
c. degrade rapidly under environmental conditions of the region
d. are immobilized on soil particles and therefore unlikely to reach groundwater
e. are not easily volatilized
2. applying the herbicide so as to minimize inadvertent spread
a. spot treat in the narrowest area possible
b. use a dye to determine where the application is going
c. apply only in appropriate weather conditions (no rain, low wind)
Additional precautions that can be used in the LOHCP Preserve System include:
1. avoiding areas occupied by sensitive species, if possible
2. remove sensitive species (i.e. snails) from the area prior to application
Like all potential management techniques, chemical control methods can have both positive
and negative effects via direct and indirect mechanisms, all of which should be considered in
evaluating the potential use of herbicides. Proposed use of chemicals to control exotic plant
species should be carefully evaluated in consultation with experts the resources agencies (CDFG,
USFWS).
C.3 EXOTIC PLANT SPECIES IN THE LOHCP PRESERVE SYSTEM
This section outlines the current and potential future impacts of exotic plant species based
on the current available information. This information was used to develop the preserve-wide
strategies, targets, and techniques that comprise the “Exotic Plant Element” (Chapter 3). This
section will be updated and greatly augmented per the results of the exotic plant inventory that
will be conducted upon implementation of the LOHCP.
Table C-1 lists the exotic plant species that are known to occur or are likely to occur in
the LOHCP Preserves. Based on current information, proactive management is currently
recommended for a subset of these, which are listed along with their relevant attributes in Table
C-2. Table C-3 provides a list of control techniques which may be effective in managing these
aggressive exotic species.
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ornamental plants
Species
A variety of ornamental plants have been deliberately planted in the LOHCP Preserve
System; specifically, adjacent to homes on the south side of Highland Drive in the Bayview Unit
of the Morro Dunes Ecological Reserve. Species include Pinus sp. and Agave spp.
Current Impacts
Due to their very limited distribution and abundance, the impacts of the ornamental plants are
likely limited. However, these species can compete with native plants and alter habitat for native
animals.
Potential Future Impacts
While their narrow distribution and low abundance suggests that the ornamental plants may
not be prone to spreading, changes in environmental conditions associated with disturbances
(incl. fire and recreation), climate variation or change (e.g. El Nino years, greater precipitation),
or other alterations associated with succession (soil development, etc.) might provide these
species with opportunities to invade the natural community and displace native species.
Proposed Treatments
All ornamental plants should be removed through physical means, with the specific
techniques varying depending on the habit of the plant. Trees and shrubs should be cut using a
chain or hand saw. Herbs and succulents should similarly be cut or potentially pulled, with care
given to avoiding soil disturbance associated with removing roots where possible. All biomass
from these plants should be removed from the site. Follow up treatment may be required to kill
or remove stump sprouts, seedlings, or other new recruits. However, physical mechanisms
should successfully eradicate the ornamental plants of the LOHCP Preserve System.
Exotic Trees
Species
Non-indigenous tree species presently found in the LOHCP Preserve System include:
1. Eucalyptus (Eucalyptus camaldulensis and E. globulus; Myrtaceae)
2. Monterey pine (Pinus radiata; Pinaceae)
3. Monterey cypress (Cupressus macrocarpa; Cupressaceae)
Distribution and Abundance
Within the LOHCP Preserve system, exotic trees occur with a very limited distribution at
very low abundance, relative to other exotic plants. Of the tree species, Eucalyptus spp. are the
most widespread. Monterey pine and cypress occur in only a few, isolated stands.
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Current Impacts
The native communities of the Baywood fine sands are dominated by shrubs and herbs, and
contain only short statured trees (i.e. coast live oaks, Quercus agrifolia). The exotic trees are
much larger in stature than the native plant species. They compete with native plants for light
and soil resources, and produce a dense layer of litter (leaves, bark, and small limbs). As a
result, these trees greatly reduce the diversity and cover of native plants. By altering the
structure and species composition of the plant community, these trees alter habitat conditions for
native animals. In addition, the fuels they produce increases the risk of wildfire (Tyler and
Odion 1996).
Potential Future Impacts
Originating in fire-prone communities, these species are adapted to fire, and produce high
densities of seedlings following fire. As a result, they have the potential to spread during
management designed to enhance the native communities, as described in Appendix C (Tyler
and Odion 1996, Tyler 1996). Even in the absence of fire, Eucalyptus seedlings establish readily
on the periphery of current groves, which have thus expanded over the past century and will
likely continue to expand in the absence of management.
Proposed Treatments
Adult exotic trees should be removed through by cutting. To avoid soil disturbance and
management costs, the stump and roots of large trees can be left intact. In Eucalyptus and other
species that are likely to stump sprout, stumps should be covered with thick black plastic tarps
and/or a topical herbicide (e.g. Triclorphyr) should be applied to kill the tree. In many cases,
removal of adult trees will facilitate establishment of seedlings, which should be removed with
hand pulling. All tree biomass should be removed from the site. The site should be monitored to
ensure other exotic plants such as iceplant and veldt grass to not invade the site.
jubata grass
Species: Cortaderia jubata (Poaceae)
Distribution and Abundance
Jubata grass presently has a narrow distribution and occurs at low abundance within the
LOHCP Preserve System. At the Bayview site, it found in the Morro manzanita community in
and around an area of extensive soil erosion associated with the old Broderson Road on the
western edge of the preserve.
Current Impacts
Jubata grass is an extremely large bunchgrass. In the LOHCP Preserve System, it presently
occurs as isolated individuals which compete with native plants for space and soil resources.
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Potential Future Impacts
In the absence of management, it is very likely that jubata grass will increase in distribution
and abundance within the LOHCP Preserve System. The species is a prolific seed producer (up
to 100,000 mature seeds per individual inflorescence), and windborne seed can disperse large
distances (>20 miles; (DiTomaso 2000). The distribution and abundance of jubata grass within
the natural communities of the LOHCP Preserve System is likely currently limited by the lack of
appropriate conditions for seedling establishment, which appear to be provided by disturbance.
As a result, disturbances (i.e. events that remove established biomass) including activities
associated with management, such as fire and fire surrogates, and other exotic plant removal
efforts, may enhance the distribution and abundance of this plant.
Proposed Treatments
Pampas grass adults should be removed through cutting using a chain saw or weed eater.
Seedlings should be removed through hand pulling or with a shovel. Manual removal may
facilitate establishment of seedlings or other exotic plants, necessitating that the site be
monitored and follow up treatments be applied as needed.
Iceplants
Species
Iceplants (exotic plants in the family Aizoaceae) presently found in the LOHCP Preserve
System include:
1. fig marigold (Carpobrotus edulis)
2. round-leafed iceplant (Conicosia pugioniformis)
Distribution and Abundance
Both round leafed iceplant and fig marigold occur in gaps between shrubs within the coastal
sage scrub and Morro manzanita communities of the LOHCP Preserve System. Within these
habitats, the two species are fairly widely distributed, due to their ability to colonize soil
disturbances and gaps (Albert 2000, Albert and D'Antonio 2000).
Impacts
Owing to their rapid lateral growth (shoots can grow 1m/year (D'Antonio 1990b), the longlived perennial fig marigold plants can form large, impenetrable mats that compete with native
seedlings (D'Antonio 1993) and reduce shrub growth (D'Antonio and Mahall 1991). Fig
marigolds have been shown to lower soil pH and increase soil organic matter (D'Antonio 1990a),
and in doing so, can increase the invasibility of sandy soils such as the Baywood fine sands
(Albert 2000).
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Though shorter-lived that fig marigold, round-leafed iceplant readily colonizes disturbances
and gaps and grows very rapidly, allowing it to compete with native plants for space and
resources. Round-leafed iceplant may similarly alter soil conditions and facilitate invasion,
though this has not been examined (Albert and D'Antonio 2000).
Potential Future Impacts
In the absence of careful, targeted management efforts, these two species will likely increase
in distribution and abundance. Individuals will persist within the gaps that are maintained in the
open canopy conditions of the coastal sage scrub communities. In addition, fire management to
maintain and enhance native communities and populations of fire-adapted species will create
opportunities for establishment (D'Antonio 1993, D'Antonio et al. 1993a). Herbicides and die
off associated with control can increase soil nutrient available and facilitate invasion. Thus,
careful management of these two species will be essential to attaining the conservation goals of
the LOHCP.
Proposed Treatments
Physical treatments are recommended for round leaved iceplant and small patches of fig
marigold. Both species can be manually removed through pulling and cutting. Because
remaining roots and pieces of branches can reestablish, care must be taken to completely remove
the roots and all branches from the site. Follow up monitoring and treatment will be needed to
remove new recruits and other exotic plants that invade the site.
Manual removal of fig marigold may be very time consuming and costly in the many areas of
the Preserves where it has formed large patches. In these virtual monocultures, the application of
glyphosate (i.e. Roundup) is recommended as a 2% solution of foliar spray.
Veldt grass
Species: Ehrharta calycina (Poaceae)
Distribution and Abundance
Veldt grass (Ehrharta calycina) is the most abundant and widespread exotic plant in the
LOHCP Preserve System. It is found in all of the coastal sage scrub communities and occurs in
disturbed areas, including along trails, in the Morro manzanita chaparral communities. Though
widespread, there are many areas that currently lack veldt grass. Though patchily very abundant,
it occurs very sparsely in some areas (i.e. <10% cover). The factors that limit its distribution and
abundance are poorly understood.
Impacts
Veldt grass invades coastal sage scrub and maritime chaparral communities along areas of
soil disturbance, including roads and trails, then establishes in gaps between shrubs. It attains
high cover (>50%) in disturbed coastal sage scrub found on the Baywood fine sands, where it
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likely reduces the cover and species richness of native plants by competing for limiting soil
resources. In addition, the dense thatch it produces may preclude native plant establishment. At
study of veldt grass at Vandenberg Air Force Base supported the premise that veldt grass
negative impacts wildlife. Veldt grass is credited with transforming shrublands (i.e. maritime
chaparral, coastal sage scrub) into grasslands through the grass-fire cycle (Pickart 2000).
Potential Future Impacts
Though veldt grass is already relatively widespread and abundant, it too may increase in
distribution and abundance in the absence of exotic plant management. Seedling establishment
is facilitated by disturbances. Within Morro manzanita communities, the plant is primarily
restricted to open, chronically disturbed areas including trails. Management designed to
facilitate Morro manzanita establishment, including fire and fire surrogates, as well as wildfire,
could facilitate the spread of veldt grass into these relatively uninvaded communities.
In areas where veldt grass is very abundant, such as coastal sage scrub communities, it is
possible that its abundance will decrease through time. Many of these areas were disturbed as a
result of agriculture (clearing and tillage) which facilitate the invasion and proliferation of veldt
grass. Though veldt grass may slow the rate of shrub recolonization following disturbance,
succession may ultimately create conditions which are unsuitable for veldt grass persistence,
including greater shrub canopy. This process of succession reducing veldt grass abundance (but
not distribution) has been observed in the dune lupine community at Montaña de Oro State Park
(M. Walgren, pers. comm.).
Proposed Treatments
The treatments proposed for veldt grass control vary, depending on characteristics of the
habitat area to be treated. In small, outlying patches consisting of a few sparsely distributed
veldt grass plants, plants will be pulled, with care given to reduce the amount of soil disturbance
to the extent possible. Plants will be removed from the site using plastic bags (especially
important if treatment occurs when the plants are in fruit). Treated areas will be revisited to pull
seedlings which may recruit (G. Nowell, pers. comm.).
Many portions of the LOHCP Preserves contain infestations of veldt grass which are very
large and oftentimes very dense. In these areas, manual removal will likely prove ineffective at
controlling the invasive plant, a strategy which will likely prove essential to attaining many of
the biological goals and objectives of the LOHCP. Large patches of veldt grass will require
chemical control. In larger areas where veldt comprises less than 90% of the relative cover, the
grass specific herbicide Fusilade, mixed with a 0.5% no foam surfactant, should be applied to the
leaves of plants during the active growth phase prior to seed head development (approximately
November-April; G. Nowell, pers. comm.).
In areas where veldt grass comprises more than 90% of the relative plant cover, and there are
no sensitive plant species, veldt grass can be chemically controlled using a 2% solution of
Roundup (glyphosate) broadcast sprayed over the treatment area.
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Annual grasses
Species
Species of annual grasses currently found within the LOHCP Preserve System include:
1. Avena spp.
2. Bromus diandrus
3. Bromus madritensis ssp. rubens
Distribution and Abundance
Annual grasses primarily occur in relatively low abundance in a few localized habitats,
including along trails and underneath isolated coast live oaks. The primary exception is the high
density populations of Bromus diandrus found in a recently abandoned pea field that is part of
the Powell II Preserve.
Impacts
Dense patches of annual grasses might compete with native plants in the Baywood fine
sands, especially native herbs, because their fibrous, shallow roots can take up limited soil
resources. This competition can be greatest for native seedlings, which experience reduced
establishment in dense patches of annual grasses. In other systems, native plant assemblages can
be overtaken be dense exotic annual grasses.
Potential Future Impacts
Abiotic conditions in the Baywood fine sand communities including low soil moisture and
nitrogen availability may presently restrict the distribution and abundance of annual grasses to
specific microhabitats, or as in the case of the abandoned pea field, areas where nutrient inputs
have occurred. Any factor that might alter these conditions, including nitrogen deposition
(Brooks 2003), a series of years with above average rainfall, or fire or other disturbance (Brooks
1999), could enhance the spread of these species. With increase abundance, these species would
not only compete with native species on a larger spatial scale, but could also increase the density
of fine fuels in the dry season, and thus promote wildfire. In other systems, fire has promoted
establishment of annual grasses, including Bromus madritensis ssp. rubens (Brooks 1999)and
Bromus tectorum (Young et al. 1987) which in turn have reduce establishment of perennial herb
and shrub seedlings. The resulting dominance of annual grasses further promotes wildfire which
again favors grasses, thus resulting in the type conversion of shrublands to grasslands (D'Antonio
and Vitousek 1992).
Proposed Treatments
In areas where annual grasses occur in low abundance, manual removal using hand pulling is
recommended for control. Care should be used to reduce the soil disturbance and thus potential
to enhance the spread of other exotic plants. Annual grasses should be pulled prior to setting
seed during early spring (by April). All biomass should be removed from the site.
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In areas where Bromus diandrus or other annual grasses have become abundant, application
of the monocot-specific herbicide Fusilade, with a 0.5% no foam surfactant, can be applied
during the growing season (January-March) but before seed head development.
Native Invaders
Plants native to California but not to the Bayview fine sands communities of Los Osos may
also negatively impact the sensitive species and communities of the LOHCP Preserves. Though
naturally occurring in California, such species might occur within the Los Osos communities
solely due to anthropogenic factors. As a result, native Baywood fine sand soil species are not
adapted to competition with neither these species nor the habitat conditions they create.
Presently, it is not known whether there are any native invaders within the LOHCP Preserve
System. Such species will be documented during the exotic plant inventory of the Preserves,
after which management will be designed and implemented to eradicate or control them, as
appropriate.
Genetic Erosion
Genetic erosion, or the loss of native genetic diversity, can result when non-local genes are
introduced as a result of the translocation of plant materials. In the LOHCP Preserves, the
threat of genetic erosion is most acute for the Morro manzanita, as species of the genus
Arctostaphylos are known to readily hybridize. If manzanita species other than those which
naturally occur in the Baywood fine sands (Arctostaphylos cruzensis and A. tomentosa) are
transplanted into areas within or near the LOHCP Preserves, they might hybridize with the A.
morroensis, thus altering the genetic structure of the populations. This can reduce the fitness of
native species by disrupting locally adapted gene complexes required for persistence in the
unique environment.
To prevent the risk of genetic erosion, landowners should be made aware of the potential
impacts of planting manzanita species not native to the Los Osos region, as may be sold in local
nurseries. If possible, the covenants, conditions, and restrictions (CC & R’s) of new
developments in the Los Osos region should prohibit planting of manzanita species not native to
the region.
Exotic Plant Management Resources
Techniques available for exotic plant management efforts are continually being developed,
evaluated, and refined. When developing the specific treatments for exotic plant management
projects, the LOHCP Preserve Manager will access the most up to date information available.
Recent references available including Bossard et al. (2000), the Weed Control Methods
Handbook (Tu et al. 2001) and the Weed Society of America’s Herbicide Handbook (Weed
Society of America 2002). Numerous organizations share their information regarding exotic
plant management on the World Wide Web. These include: The Nature Conservancy Wildland
Invasive Species Team (http://tncweeds.ucdavis.edu/about.html) and the California Invasive
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Plant Council (CalIPC.org). Searching the web for “exotic plant control” will bring these as
well as well as hundreds of other websites containing invaluable information to inform exotic
plant management including examples of weed control plans and methods of prioritizing exotic
plants for control efforts, among others.
C.4 TECHNIQUES TO PREVENT POTENTIAL NEGATIVE IMPACTS ON SENSITIVE SPECIES
Exotic plant management will be a crucial component of overall management within the
LOHCP Preserves. Indeed, when evaluating the conservation benefit of the LOHCP, the four
scientists of the Scientific Advisory Committee cited effective control of exotic plant species as
the main factor which will likely determine whether the biological goals and objectives for the
Preserve System will be attained. Of particular concern are control of veldt grass and iceplant
species.
Though designed specifically to enhance habitat for sensitive species, many exotic plant
management techniques have the potential to cause inadvertent, short-term negative impacts to
sensitive species. Many types of physical, chemical, and biological techniques could cause short
term declines in plant and animal populations due to the impacts of trampling alone. Such
impacts are not limited to exotic plant management, however. Instead, many projects designed
to enhance habitat have the potential to cause inadvertent negative effects.
As with all management projects, the goal of exotic plant management is to maximize the
beneficial effects for sensitive species and communities, while reducing the potential for such
inadvertent negative impacts due to management. The main technique that will be used to
accomplish this goal is the pre-project survey, in which the area proposed for treatment is
carefully examined for the presence of sensitive species. Depending on the project, the species,
and the extent of the occurrence within the treatment area, sensitive plants and animals can be
avoided or translocated. Alternatively, if impacts are deemed to be high an unavoidable, the
project can be postponed or cancelled.
In the absence of studies evaluating the impacts of herbicides on sensitive species, agencies
are understandably concerned about the potential negative effects, especially given the large
areas of the LOHCP Preserves which have become infested and merit treatment. Steps can be
taken to prevent exposure of sensitive animals to the chemicals during treatment. Pre-project
surveys can be used to determine whether sensitive species such are present. If they are and
cannot be avoided or translocated, the occupied habitat can be designated for no treatment These
and perhaps other steps should be described in a memorandum of understanding or other formal
agreement between land managers and agencies concerned about potential herbicide impacts, to
allow their use in the LOHCP Preserve System.
Experienced resource managers and weed specialists have developed herbicide treatment
protocols which are designed to reduce or prevent impacts to non-target plants. Using lowpressure backpack sprayers equipped with large droplet nozzles to spray only when winds are
less than 10mph and ground moisture is minimal greatly reduces the potential for herbicides to
land on non-target species (G. Nowell, pers. comm.). Monocot specific herbicides (e.g.
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Fusilade) can further reduce potential impacts to broad leaved plants when treating veldt grass or
annual grasses.
There is growing consensus among experienced resource managers and weed specialists that
veldt grass and iceplant species cannot be effectively controlled in over large areas such as the
LOHCP Preserves without the use of herbicides. In large infestations, such are common in the
LOHCP Preserve System, physical techniques including cutting and hand pulling are regarded as
ineffective or painstakingly slow at best. At worst, these methods have been found to increase
the growth, distribution, and/or abundance of veldt grass and iceplant, owing their adaptations to
grazing and disturbance. (Pete Sarafian, pers. comm., M. Walgren, pers. comm., and G. Nowell,
pers. comm.).
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Table C-1: Exotic plant species known or likely to occur within the LOHCP Preserve System (J.
McGraw, pers obs., M. Walgren, pers comm.2004)
Species
Anthemis cotula
Arundo donax
Avena barbata
Avena fatua
Brassica nigra
Bromus diandrus
Bromus madritensis ssp. rubens
Cardaria draba
Carpobrotus chilensis
Carpobrotus edulis
Chenopodium murale
Conium maculatum
Conocosia pugioniformis
Conyza canadensis
Cortaderia jubata
Cortaderia selloana
Cupressus macrocarpa
Datura stromonium
Delairea odorata
Dipsacus fullonum
Ehrharta calycina
Eucalyptus camaldulensis
Eucalyptus globulus
additional Eucalyptus spp.
Foeniculum vulgare
Malva neglecta
Marubium vulgare
Melilotus spp.
Myoporum laetum
Oxalis spp.
Pennisetum clandestinum
Picris echioides
Pinus radiata
Piptatherum miliaceum
Polygonum sp.
Polypogon sp.
Ricinus communis
Rubus discolor
Rumex acetosella
Sonchus asper ssp. asper
Tetragonia tetragonioides
Vicia spp.
Vinca major

Common name
stinking chamomile
giant reed
slender wild oats
common wild oats
black mustard
rip-gut brome
red brome
hoary cress
sea fig
fig marigold
sowbane
poison hemlock
round-leaved iceplant
Canadian horseweed
jubata grass
pampas grass
Monterey cypress
jimsonweed

Life form
annual herb
perennial herb
annual grass
annual grass
large annual herb
annual grass
annual grass
perennial herb
succulent perennial herb
succulent perennial herb
annual herb
perennial herb
succulent perennial herb
large annual herb
large perennial grass
large perennial grass
tree
large annual herb

Fuller’s teasel
veldt grass
Red River gum
Tasmanian blue gum
eucalyptus
fennel
common or dwarf mallow
horehound

biennial herb
perennial grass
tree
tree
tree
large perennial herb
annual or perennial herb
perennial herb
annual/perennial herb
shrub/tree
perennial herb
perennial grass
annual/perennial herb
pine
perennial grass
herb
grass
shrub
vine/shrub
herb
thistle
herb
herb/vine
ground-covering vine

lollypop tree
woodsorrel
kikuyu grass
bristly ox-tongue
Monterey pine
millet mountain rice
knotweed
beard grass
castor bean
Himalayan blackberry
sheep sorrel
prickly sow thistle
New Zealand spinach
vetch
periwinkle
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Table C-2: Exotic plant species characteristics and strategies for management within the LOHCP Preserve System.
Relative²
CalIPC¹
Life Form
Species
Common Name
Distribution
Abundance
Impact
trees
Cupressus macrocarpa
Monterey pine
narrow
low
low
Eucalyptus camaldulensis
red gum
narrow
low
low
Eucalyptus globulus
Tasmanian blue gum
A-1
narrow-moderate
low
moderate
Pinus radiata
Monterey pine
narrow
low
low
iceplants Carpobrotus edulis
fig marigold
A-1
moderate-high
moderate-high moderate-high
Conicosia pugioniformis
round-leaved iceplant
A-2
moderate-high
moderate-high moderate-high
per. grasses Cortaderia jubata
jubata grass
narrow
low
low
Ehrharta calycina
veldt grass
A-2
high
high
high
ann. grasses Avena spp.
wild oat
narrow
low-moderate
low
Bromus diandrus
rip gut brome
moderate
low-moderate
moderate
Bromus madritensis ssp. rubens
red brome
A-2
narrow
low-moderate
low
¹ California Invasive Plant Council (formerly California Exotic Pest Plant Council) list of plants of greatest ecological concern, October 1999
A-1: Most Invasive Wildland pest plants; Widespread (23 plant species on list)
A-2: Most Invasive Wildland pest plants; Regional (20 plant species on list)
² Relative ranking compared to other exotic plant species based on current distribution, abundance, and likely impacts.

Strategy
eradication
eradication
eradication
eradication
control
control
eradication
control
control
control
control

Table C-3: Management strategies and techniques for exotic plant management in the LOHCP Preserve System.
Strategy
1.1 Eradicate
from the
Preserve System

Plants
Non-Indigenous Trees:
Eucalyptus spp.,
Cupressus macrocapra,
Pinus radiata, others
jubata grass (Cortaderia
jubata)

1.2 Control
(reduce
abundance and
distribution)
within the
Preserve System

round-leafed iceplant
(Conicosia pugioniformis)

Management Techniques
Physical
Biological
Adults: cut using chain saw, pile burn
none
or remove biomass; apply a tarp or
Seedlings: hand pull individually or
mulch (tarp)
Adults: cut (chain saw/weed eater);
remove or burn biomass incl.
inflorescences (prior to seed
maturation)
Seedlings: pulling, shoveling
hand pulling or slicing taproot with
tool; removal of biomass

References
Chemical
herbicide (e.g. Triclorphyr)
can prevent stump sprouting

(Boyd 2000)

increase in shrub/tree
canopy due to
succession

spot treatment, post
emergence glyphosate or
fluazifop-p (a graminicide)

(DiTomaso 2000)

none

glyphosate by foliar spray
kills seedlings and mature
plants
glyphosate (2%) in midwinter

(Albert and
D'Antonio 2000)

fig marigold
(Carpobrotus edulis)

hand pulling and removal biomass

none

(Albert 2000)

European Annual grasses
(Bromus spp., Avena spp.)

hand pulling (on small scale)

glyphosate
fluazifop-p

(Brooks 2000)

Veldt grass (Ehrharta
calycina): dense (>75%
relative cover)

mechanical clearing followed by hand
pulling of seedlings

increase in shrub/tree
canopy due to
succession; grazing
sheep grazing;
active revegetation

glyphosate (2%) in early
spring
fluazifop-p

(Chesnut 1999,
Pickart 2000)

Veldt grass (Ehrharta
calycina): sparse (>25%
relative cover)

manual digging and pulling of adults
followed by hand pulling of seedlings

increase in shrub/tree
canopy due to
succession

spot treatment with
glyphosate (2%)

Recreation Management

APPENDIX D-RECREATION MANAGEMENT
Recreational access is a key component of LOHCP Preserve System management. For
several decades, the habitat of the LOHCP Preserve System has been subject to recreational use.
Historical aerial photographs and current observations indicate that this use has removed native
plant cover, caused large scale erosion in some sites, and may have promoted the invasion and
spread of exotic plants. These observations suggest that recreation may reduce the amount of
quality of habitat available to native plants and animals, and threaten sensitive species
populations.
Attempts to exclude recreation from the LOHCP Preserve System would likely be very
difficult and may cause inadvertent, adverse impact to the habitat. As a result of the long history
of recreation at many of the sites, compliance with regulations prohibiting recreation might be
hard to achieve without costly measures which can create a negative public perception of the
LOHCP and its Preserve System. In the absence of legal access routes, ongoing uncontrolled
access could have large negative impact the Preserves, as has historical trespass.
A potential solution to recreation management would be to provide very limited
recreation, and carefully monitor and manage use to minimize negative impacts to sensitive
species and communities. By their very nature, even low intensity forms of recreation, including
hiking, can result in take of endangered species, including the Morro shoulderband snail.
Therefore, recreation within the LOHCP Preserve System should be included as a covered
activity.
This appendix integrates the best available biological information to:
1. Evaluate the factors that influence recreation impacts in the LOHCP Preserves
2. Describe the potential benefits and negative effects of different types of recreation
3. Outline management recommendations for providing recreation opportunities designed to
enhance native biodiversity and facilitate sensitive species persistence
This information provides the basis for development of the management strategies, targets,
and techniques included in Element 3 of the LOHCP Preserve System Management Plan
(Chapter 3).
D.1 Recreation Impacts on the Species and Communities in the LOHCP Preserve System
Recreation in the areas to be incorporated in the LOHCP Preserve System primarily consists
of pedestrian use (hiking, running, dog walking), equestrian use, and off-highway vehicle
(OHV). Dune sliding occurs in Montaña de Oro State Park, though is not known to occur within
the proposed Preserves of the LOHCP.
Recreation impacts natural habitat by three main mechanisms: removing biomass (i.e. killing
animals, killing or reducing the cover of plants), causing soil erosion, and promoting exotic plant
invasion. Each of these impacts initiates a series of direct and indirect effects that can have both
negative and positive impacts, depending on the component of the ecosystem being evaluated
and the temporal or spatial scale being addressed. As a result, it is not possible to state ‘the
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effect’ of recreation. Instead, evaluating different types of recreation according to their specific
characteristics can facilitate objective assessment of recreation impacts that should influence
recreation management.
Characteristics of Recreation that Can Influence Impacts
Like all disturbances, recreation impacts communities and species in various ways which
depend on the magnitude (intensity and severity), areal extent, shape, and return interval of use.
The following assessment is based on observations and research from the Santa Cruz sandhills—
an endemic community restricted to sand soil outcrops that is subject the recreational use of
concern for the persistence of endangered plants and animal species (McGraw 2004a, McGraw
2004b)
Magnitude
The magnitude of the disturbance (biomass removal) depends on two factors: 1) the intensity
of the recreation, which measures the strength of the force (pressure, sheering) and 2) the
severity of the disturbance, which measures the degree to which biomass is removed. The
magnitude of disturbance caused by recreation appears to follow the general basic gradient:
walking < horse riding<=mountain bicycling< OHV riding.
Trails used solely by wildlife are typically narrow. Trails used infrequently by pedestrians
are also typically narrow. More intense recreational use including horse riding, mountain biking,
and OHV riding tend to create wider trails. At the Bayview Unit of the Morro Dunes Ecological
Reserve, a main east-west trail just south and parallel of Highland Drive is typically greater than
2 m wide and exceeds 5 m in width in several locations (J. McGraw, pers. obs). While
pedestrian trails are rarely incised, trails used by equestrians, mountain bikes, and OHVs, are
more likely to become incised due to the intensity of the force, and the alterations to drainage
that result (described below).
Areal Extent
Wider trails disturb a greater area than narrow trails. Trail width appears to be related to
disturbance intensity, as recreation causing greater force loosens more soil and cause greater
erosion, which leads to use of the adjacent, previously undisturbed area— thus widening the
trial. Single-track trails, as they are referred to by recreation planners, invariably become wider
over time if there are no barriers (i.e. fences, woody vegetation) lining the trail corridor.
Shape of Disturbance
The shape or spatial configuration of the disturbed area, specifically the perimeter to area
ratio, influences recreation impacts on habitat by affecting recolonization following disturbance.
Arenas have a low perimeter to area ratio compared to trails, and wider trails characteristic of
higher intensity uses (equestrians, OHVs) have lower perimeter to area ratios than narrow trails.
This ratio influences the rate of recolonization following disturbance by determining the
disturbance plants (and then animals) must disperse from adjacent, undisturbed habitat.
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Seedbanks can facilitate recovery of disturbances; however, ongoing erosion and lack of plant
cover on disturbances results can reduce seed supply over time, as was observed in the Santa
Cruz sandhills (McGraw 2004b).
Return Interval
The time between successive disturbance events (i.e. recreational uses) determines the
amount of time the system has to recover from the perturbation and therefore the impact of
recreation. The same type of trampling will result in greater impacts at higher frequencies
(shorter return intervals). Due to the erosive nature of the sandy Baywood fine sand soils, even
low frequency use will likely denude trails.
Type
Unique characteristics of the different types of recreation also can influence their impacts.
Due to their weight, the locomotion of horses can cause excessive churning of the soil in trails.
This soil disturbance has been found to promote the invasion and spread of exotic plants,
including veldt grass and ice plants (M. Walgren, pers. comm.). The tracks created by both
mountain bikes and motorcycles can provide a conduit for water and, depending on the slope of
the trail, the resulting drainage can cause substantial erosion which impacts adjacent habitat and
necessitates higher maintenance costs. If not leashed and picked up after, dogs being walked can
wildlife and leave feces which spreads disease.
Characteristics of Habitat that Influence Recreation Impacts
Recreation use impacts can vary depending on the habitat conditions where they occur. This
is essential to evaluating recreational use in the LOHCP Preserve System.
Soil Conditions
The sand texture of the soils found throughout much of the LOHCP Preserve System
renders them inherently susceptible to erosion when disturbed. In areas of sparse plant cover,
there is minimal root area to bind soil and plant cover aboveground to reduce splash erosion
caused by rain drops. Direct trampling associated with recreation exacerbates soil erosion by
removing plant cover and creating channels for storm water run off, with the magnitude of these
effects likely proportional to the intensity of the recreation. Once trails become incised, they
channel runoff which, in turn, causes increased erosion. This positive feedback loop between
recreation and erosion was likely the cause of the 5m deep gully that formed on the old
Broderson Road that on the western edge of the Bayview Unit of the Morro Dues Ecological
Reserve.
Sensitive Species Distributions
Recreation may have greater impacts in the Baywood fine sands communities due to the
populations sensitive species found in the habitats traversed by trails. In the absence of
designated recreational trails at most sites, wildlife trails are often utilized for recreation.
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Recreation was observed to collapse burrows of the rare Santa Cruz Kangaroo in the Santa Cruz
sandhills (Bean 2003), and might similarly affect burrows of the Morro Bay kangaroo rat
(USFWS 1999). Though Morro shoulderband snails might not typically frequent recreation
trails, their low vagility would make them susceptible to mortality by direct trampling, especially
by fast-moving recreationalists.
Topography
Following biomass removal, recreation can degrade habitat by causing erosion. Wind,
gravity, and water can move loosened sand particles. During high rainfall events, the permeable
soil may saturate, causing water to flow overland, carrying the loosened soil with it. The extent
of erosion is positively correlated with the slope of the terrain. Baywood fine sands can occur
with a lope of up to 30% (Service 1984). Other soils in the LOHCP Preserve System, including
the Santa Lucia Shaly Clay Loam, occur on slopes up to 75%, such as in the Bayview Unit of the
Morro Dunes Ecological Reserve where erosion has been extensive.
Steep slopes enhance erosion by water by allowing overland flow to increase in speed and
thus its ability to transport sediment. As speed increases, the ability of water to dislodge and
transport soil particles increases exponentially (McGraw 2004b). The result of such erosion is
rilling and gullying of the trail, and deposition of potential deep sediment in alluvial fans where
the slope becomes more gradual and water slows and thus infiltrates, leaving the sediment
behind. The deposition buries and typically kills herbaceous sandhills plants, creating a
disturbance that will be recolonized over time, provided deposition is not ongoing. In the area
where the sediment originates, ongoing erosion will prevent new plant establishment and thus
continue to erode.
Though erosion presents more of a concern on steeper slopes, even trails that follow the
contour of the habitat can eventually become incised and channel water. If there is even the
slightest grade, the run off will cause erosion into adjacent habitat and require trail maintenance
to avoid continued downcutting.
Vegetation
Vegetation can interact with soils and topography to influence effects of recreation by
determining the degree of biomass removal and subsequent erosion. Cover of plant material
including leaf litter and moss as well as dense herbaceous cover can cushion the force caused by
low intensity recreation occurring at low to moderate frequency. In the Santa Cruz Sandhills,
low intensity, low frequency disturbance characteristic of wildlife trails promotes native plant
species persistence; however recreational use denudes habitat (McGraw 2004a).
Potential Benefits of Recreation for the LOHCP Preserve System
Recreation can increase awareness and appreciation of the Baywood fine sand communities
and species, and can facilitate conservation support and conservation action on their behalf.
Public support of the LOHCP has resulted in part from community members motivated to
preserve open space for recreation. People are more likely to support conservation efforts if they
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appreciate the habitat, and this appreciation most often results from personal experience.
Outdoor recreation provides a mechanism for many to experience the unique ecosystem. Thus,
recreation may provide a way to increase support for the overall goals of conservation.
Policy makers and Preserve landowners may have additional reasons to consider allowing
recreation access. The State Parks mission statement specifies provision of recreation
opportunities. Other landowners may simply want to be ‘good neighbors’ to those who have
enjoyed access to habitat historically.
D.2 Recreation Management Strategies
The following guidelines for recreation management may reduce the negative impacts of
recreation on sensitive species and communities while providing recreational opportunities in the
LOHCP Preserve.
Extent of Recreation
In most preserves, de facto trail use has resulted in an extensive network of trails which have
removed and fragmented habitat required by the sensitive species. A first step in recreation
management will be to close all trails except that/those which will be maintained for regulated
recreational use as described below. The following stepped up approach should be used to
facilitate compliance with trail closures:
1. Post interpretive signs that provide the public with the rationale for trail closure, the
location of trails designated for ongoing use, and the types of use allowed
2. Create small impediments at the entrances to closed trails (e.g. fencing that will not
obstruct wildlife movement)
3. Conduct targeted outreach through presentations to user groups, on-the-ground
interactions with users, etc.
4. Erect more permanent barriers
5. Enlist the help of law enforcement officials
Types of Recreation
Recreation should be limited to trail use by hikers. Mountain bike riding is not feasible
throughout the majority of the Preserve System, due to the looseness of the fine sand soil and tire
tracks can exacerbate erosion. Off highway vehicle riding creates high levels of disturbance and
associated impacts and will impede attainment of the biological goals and objectives of the
LOHCP Preserve System. Where increased compliance with overall recreation management
provisions is likely to result from doing so, limited access for horses and leashed dogs can be
provided with the approval of the oversight team comprised of agency representatives.
Trail Planning
Recreation management should be carefully planned to reduce its potential negative impacts.
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Trail Location
The route of a trail for recreation should be carefully selected by a team of experts
including scientists, erosion control specialists, trail designers, and others experienced in
designing, constructing, and managing trails. Specific criteria that should be included in trail
design:
1. Minimizing impacts to sensitive species
2. Minimizing erosion and therefore costly maintenance
3. Minimizing the potential for the trail to facilitate exotic plant invasion by avoiding
linking areas infested by exotic species to relatively uninvaded habitat
4. Linking trails to established trails in areas adjacent to the preserve, where possible
Many existing trails have serious flaws in one or more areas of design that render them
unacceptable. Existing trails should not be selected simply because they are already created.
However, if an existing trail meets the desired criteria, then it should be used rather than creating
a new trail to avoid additional disturbance and unnecessary costs.
Trails should be sited following completion of the detailed Preserve System inventory
which will establish the distribution and abundance of sensitive species. Trails should be located
in areas that lack sensitive species, where possible, including outside the Baywood fine sand
communities or in highly degraded habitat. Within the area determined by the biologists to be
least likely to have impacts, other members of the trail design team should determine a location
that will minimize the need for maintenance to control erosion.
Trail Length
The length of trail located within the sensitive communities should be minimized where
possible. It the trail is designed to traverse the Preserve, as to link trails on both sides, then it
should traverse a narrow portion of the Preserve, where possible. If the trail is designed to
provide for interpretation, the length should be no more than one mile.
Trail Width
To limit the area of habitat within Preserves that is lost due to recreation, trails should be no
more than 6’ wide. Where equestrian use is prohibited, trails should be only 2’ wide. Post and
cable fencing should be placed along the edges of trails to prevent trail widening, which tends to
occur in the sandy soils, especially where only sparse plant cover occurs adjacent to the trails
(e.g. in coastal sage scrub).
Trail Substrate
Permanent substrates such as boardwalks can prevent trail widening and incision while
facilitating wheelchair access and should be installed, as funds allow, where equestrian use is
prohibited. Artificial substrate such as rock (e.g. decomposed granite) and wood chips might be
added to equestrian trails. Over time, these will likely become less effective due to displacement
and decomposition and present some risk of introducing exotic plant species.
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Interpretation
Trails in the LOHCP Preserve System should educate users about the uniqueness and
rarity of the ecosystem, both to enhance their experience and to promote compliance with the
regulations regarding recreational use. Interpretive signs along the path or numbered posts
which reference information contained in a brochure available at the trailhead can enhance the
recreational experience for many users. Large format interpretive signs or “kiosks” posted at the
trial entrance may similarly provide information and increase compliance with rules.
Trail Patrols
To reduce the amount of management and monitoring funds needed for recreation management,
a volunteer trail patrol group should be established to enhance compliance with the trail use
provision of the Preserve System. The group could conduct one or more of the following tasks:
• Conduct outreach to the public through presentations to user groups (e.g. trail riding
groups)
• Form a trail users group which patrols trails and conducts outreach to users
• Provide information about the use and the status of trails to the land manager
Trail Monitoring and Maintenance
Trails must be carefully monitored and maintained to ensure that their impacts are limited.
Monitoring
Regular monitoring should be conducted to detect problems associated with trail use
including:
1. Regulation compliance problems (incl. inappropriate uses)
2. Trail widening, incision, and erosion
3. Creation of new (spur) trails
4. Invasion of exotic plants
Maintenance
Spur trails should be closed, by either obscuring their entrance with limbs or other natural
coverings and posting signage, as needed. Erosion should be repaired immediately. Exotic
plants should be removed immediately. If one or more problems persist, and the trail fails to
meet the goals of reducing impacts to the sensitive species and communities, modifications to the
trail use will be needed, including limiting the types of use (hikers only) or closing the trail
completely. If an alternative location could resolve the problems, the trail could be rerouted.
Enforcement
If persistent, unlawful trail use continues, enforcement action may be needed. The Preserve
System manager may need to enlist the help of the San Luis Obispo County Sheriff.
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Regional Recreation Management
Recreational use should be examined at the regional level in order to enhance
effectiveness of recreation management. Recreators may desire access to LOHCP Preserves to
access other destinations where they recreate, including local State and Regional Parks, other
open space preserves, and equestrian centers. Efforts to identify a few regional trails which can
be carefully managed may limit impacts to a few isolated areas and facilitate the biological goals
and objectives of the LOHCP Preserves.
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APPENDIX E: FIRE MANAGEMENT
Fire is a natural ecosystem process and disturbance regime component in the communities of
the Baywood fine sands. Widespread fire exclusion will likely decrease native biodiversity and
populations of sensitive species, by reducing or extirpating species that require post-fire
conditions. On the other hand, fire has the potential to reduce populations of sensitive species
directly, by killing individuals, and indirectly, by promoting the invasion and spread of exotic
plant species. Because of this conundrum, fire presents many important concerns for effective
long term management of the LOHCP Preserve System.
More information is needed about the factors that influence the effectiveness of fire as a
management technique for attaining the biological goals and objectives of the LOHCP Preserve
System. Filling these data gaps will require scientific examination of the fire ecology of the
system prior to large scale implementation of fire management. In the intervening time,
management efforts will be needed to reduce the threat of arson and wildfire, which have the
potential to degrade habitat and threaten the persistence of sensitive species.
This appendix synthesizes the available scientific information relevant to fire management in
this system, including empirical studies from the Baywood fine sand communities, empirical
studies from ecologically similar systems, and current ecological theory. This information is
used to:
1. Describe the known and potential positive and negative impacts of fire
2. Recommend approaches to fire management for the LOHCP Preserve system
3. Develop preliminary strategies for fire management (Chapter 3)
E.1 Fire Ecology of the Baywood fine sands communities
Fire is a component of the natural disturbance regime in central maritime chaparral
communities in California, including the Morro manzanita chaparral communities (Tyler and
Odion 1996, Tyler et al. 2000, Odion and Tyler 2003). Previous research in this and other
maritime chaparral communities of the central coast suggests the following aspects of fire regime
(Greenlee and Langenheim 1990, Tyler and Odion 1996, Odion and Tyler 2002):
1. Return interval (time between burns): 80-100 years
2. Fire season: summer (when fuels are dry)
3. Severity: complete stand replacement
Due to the differences in difference in plant species and thus fuel availability, the plant
communities of the Baywood fine sands may have experienced somewhat different fire
regimes—characteristics of fire including type, severity, areal extent, and return interval (Sousa
1984b). For example, the persistence of bare sand soil between shrubs in coastal sage scrub may
have resulted in reduce fire frequency of ignition, lower rates of spread when compared with the
central maritime chaparral communities and perhaps oak woodlands, which are characterized by
dense woody vegetation. More information is needed to identify potential differences in the fire
ecology of these systems.
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Potential Ecological Benefits of Fire
The native species of these communities are adapted to aspects of the fire regime, and
many may require recurring fire for their persistence. It has been suggested that fire has been a
dominant force in chaparral communities for the past two million years (Axelrod 1958). As a
result of their long evolutionary history with fire, some plant and animal species have adapted to
fire and the conditions that it creates, as described below.
For many species, prescription fire may only be beneficial if it mimics critical aspects of
the natural fire regime. These species may have evolved specific life history or other ecological
traits as adaptations to particular aspects of fire, such as the seasonality of occurrence, the return
interval, the severity, and the intensity, among other factors. As a result, deviations from the
natural fire regime might reduce the effectiveness of prescribed fire and, in some cases,
negatively impact the sensitive species and communities it is designed to enhance.

1.
2.
3.
4.
5.

The following are known and hypothesized effects of fire:
Remove established vegetation, litter, and woody debris
Facilitate native plant establishment
Reduce the abundance of exotic plant species
Alter soil conditions
Create habitat conditions required by native animals

Remove Established Vegetation, Litter, and Woody Debris
Fire is an agent of disturbance which removes established plant cover over large spatial
scales. In addition to live plants, fire can consume leaf litter and woody debris which can build
up on the soil surface between fires. In Morro manzanita chaparral, a prescription burn killed all
live plants and consumed the dense litter accumulation, though burned shrub skeletons of Morro
manzanita persisted (Tyler et al. 2000).
Facilitate Native Plant Establishment
Fire can facilitate native plant establishment by a variety of mechanisms, including: 1)
reducing competition and allowing establishment of species that have been competitively
excluded by the dominant shrubs and trees which can form a contiguous canopy during the
course of succession; 2) reducing herbivory by small mammals that inhabit shrub canopies and
can prevent seedling establishment; and 3) directly stimulating seed germination through the heat
and/or the charate (chemical products of fire) (Keeley et al. 1985, Keeley and Keeley 1987,
Swank and Oechel 1991, Tyler 1995, Baskin and Baskin 2001).
These effects of fire might facilitate success of the biological goals and objectives of the
LOHCP Preserve System by: 1) enhancing native plant species diversity, 2) facilitating
establishment of sensitive species, including Morro manzanita and Indian Knob mountainbalm,
and 3) increasing habitat quality for Morro Bay kangaroo rat, by enhancing populations of three
hypothesized food plants Lotus scoparius, Croton californicus, and Horkelia cuneata (USFWS
1999).
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Reduce Exotic Plant Abundance
In other systems, fire has been shown to reduce the abundance of exotic plant species
(Smith and Knapp 2001, Bebawi and Campbell 2002, Alexander and D'Antonio 2003). Indeed,
fire is often used as a control strategy for many invasive species in California (Hastings and
DiTomaso 1996, Bossard et al. 2000, Bebawi and Campbell 2002). By disproportionately
reducing the abundance of exotic species, fire has been shown to facilitate populations of
sensitive plants (Pavlik et al. 1993, McGraw 2004a).
It is not known whether the effects of fire on exotic plant abundance were examined in
the prescription burn conducted to examine fire effects on Morro manzanita regeneration at
Montaña de Oro State Park. Prior to the burn, veldt grass averaged 13% cover while red brome
averaged less than 1% cover (Tyler et al. 2000). These data were derived from permanent plots
which may have been sampled since the fire in 1998, though these data are not available.
Several non-native plant species presently found in the LOHCP Preserve System have
been shown to be facilitated by fire in other systems, leading to concern that fire will enhance
their invasion and spread, as discussed below and in Appendix C.
Alter Soil Conditions
Fires can reduce soil nutrients (Christensen 1977, Clark 1989, Johnson et al. 1998),
organic matter (Perry 2000), and microorganisms in the soil (Clark 1989). By reducing soil
fertility, fire resets the process of soil succession. This may prevent establishment of aggressive,
exotic plants which might be able to invade the Baywood fine sands as they become more
amenable to plant growth during the absence of fire.
In other maritime chaparral systems, fire has been shown to increase available nitrogen
and phosphorus, key nutrients required for plant growth. In doing so, it may enhance plant
recolonization.
Fire also volatizes chemical compounds in soils, including those derived from the
decomposition of plant litter and root exudates (Clark 1989). Many such compounds, including
those from Arctostaphylos spp. are hypothesized to be allelochemicals—chemicals that inhibit
the germination, establishment and/or growth of other plant species (Keeley et al. 1985).
Though the pattern of plant distributions with respect to dominant woody vegetation including
Arctostaphylos suggest that chemical compounds may restrict plant establishment, careful
experiments would be required to implicate allelochemicals as the cause of these patterns.
Potential Negative Ecological Consequences of Fire
Fire may also have direct and indirect negative consequences for the native species and
communities of the Baywood fine sands. Not restricted to fire alone, these impacts also likely
pertain to many fire surrogates or mimics (disturbance treatments designed to simulate the
effects of fire). Three potential negative impacts of fire are:
1. Facilitate exotic species invasion and spread
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2. Reduce sensitive species populations
3. Cause soil erosion
Facilitate Exotic Species Invasion and Spread
Fire might promote the invasion and spread of exotic plant species into the communities
of the Baywood fine sands. Like many of the native plant species that prescribed fire would be
intended to facilitate, many exotic plants presently found in the LOHCP Preserve System
establish readily following fire. These include including veldt grass, red brome, jubata grass,
Eucalyptus, Monterey pine, Monterey cypress, and the two iceplant species, fig marigold and
round-leaved iceplant (Bossard et al. 2000).
The risk of exotic plant spread following fire is most pronounced in the closed canopy
communities, including the Morro manzanita communities and the coast live oak woodlands, In
these areas, exotic plant species are primarily restricted to old road, trails, and gaps between
shrubs adjacent to roads and trails, a distribution pattern which suggests they are limited by
competition from dominant shrub and tree cover. As in other closed canopy communities, fire
might promote expansion of exotic plants currently present at low abundance or in high light
available microhabitats, and create opportunities for new species to invade (Zedler and Scheid
1988, Hobbs and Huenneke 1992, Haidinger and Keeley 1993).
Fire could also enhance the abundance of exotic plants where they are already distrubted
within open canopy communities, such as coastal sage scrub. For example, veldt grass has been
observed to resprout vigorously and releases seed into the burned area often the first spring after
the fire (M. Walgren, pers. comm.).
Reduce Sensitive Species Populations
Fire will kill individual plants and many animals and thus have immediate direct negative
effects on many populations, including sensitive species. However, for most species in these
fire-prone communities, short term reductions in population are offset by longer term increases
resulting from enhanced establishment and growth. Presently, populations of many of the
narrowly endemic species are precariously small (e.g. Indian Knob mountainbalm), owing to
habitat destruction and habitat degradation; thus, the immediate, direct reductions in populations
caused by fire might present significant threat to their persistence. In addition, habitat
fragmentation may restrict colonization of the enhanced habitat by many of the animal species.
As a result, the current consequences of fire for the sensitive species populations are unknown.
Current available information suggests that populations of Morro manzanita, Indian Knob
mountainbalm, and Morro Bay kangaroo rat require fire to persist (USFWS 1994, Tyler and
Odion 1996, USFWS 1999, Tyler et al. 2000). Management fires used to enhance populations of
the two endangered plants would be located in senescent stands where removal of dense woody
vegetation, including adults of the two sensitive species, would facilitate seedling establishment.
Management burns could also be used to create the characteristics of habitat preferred by Morro
Bay kangaroo rats, including open vegetation comprised of early successional subshrubs and
perennial herbs thought to provide the seeds needed by the small mammals (i.e. Croton,
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Horkelia, and Lotus). Burns conducted in areas occupied by Morro Bay kangaroo rat might also
kill individuals unable to escape the fire.
In contrast, fire provides no current known benefits for the endangered Morro
shoulderband snails, and splitting yarn lichen, both of which are also killed by fire. Following
arson in Morro Strand State Park, now live snails were not found in an where they were
previously known to occur (Walgren 2003a). Based on evidence suggesting other historical
colonization events (Walgren 2003a), Morro shoulderband snail may be able to recolonize the
burned areas from adjacent unburned areas once habitat conditions are appropriate (Section B.2).
The factors that would influence recolonization of habitat by splitting yarn lichen are unknown,
due to the very limited information about its ecology (Section B.4). Perhaps wind or birdvectored dispersal could allow recolonization of burned areas once the tree and shrubs on which
it occurs (i.e. Quercus agrifolia, Adenostoma fasciculatum, and Ceanothus ramulosus) have
recolonized and attained sufficient size. Other sensitive species that might be negatively
impacted by fire include Morro blue butterfly (Icaricia icarioides morroensis).
By enhancing habitat conditions as described above, fire’s positive effects may outweigh
the direct negative effect and result in increased population size and greater likelihood of
persistence. Aspects of the prescription burn including its location, size, shape, and severity, as
well as aspects of the management regime including season and frequency should be carefully
planned to minimize direct negative impacts to sensitive species. As described in greater detail
below, fires during the wet season, or fires which occur in stands which are too young in age
may reduce populations of sensitive species, including Morro manzanita (Odion and Tyler 2002),
Cause soil erosion
Fire can increase soil erosion by removing established vegetation and other ground
cover, including litter (Clark 1989). Water erosion can increase due to reduced root area binding
the soil, increased erosive effects of rainfall landing directly on the loose sand soil lacking
ground cover, and increased overland flow of water during high rainfall events. In some cases,
fire can alter the chemistry of soils rendering them hydrophobic and thus resistant to infiltration,
further exacerbating water erosion (Clark 1989). Wind and gravity can also cause erosion in the
absence of dense vegetation cover following fire.
Erosion caused by water, wind, and/or gravity can uproot plants, bury plants in soil
deposition, and inhibit new plant establishment on thin soils remaining. These effects may be
more pronounced on slopes. In the Bayview unit of the Morro Dunes Ecological Reserve,
recreation (and perhaps historical vehicle use) removed established vegetation on the old
Broderson Road on the west end of the Preserve. Originating on the steep slopes (50-75%) to the
south, soil erosion has lead to the formation of a deep (>5 m) gully in the Baywood fine sand
soils which support dense stands of Morro manzanita.
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E.2 Fire Management
Effective fire management in the LOHCP Preserve System will require implementation of a
carefully planned, cautious fire management program utilizing a scientifically rigorous approach
to attain the conservation goals of the LOHCP. Due to the risk of fire promoting the invasion
and spread of exotic plant species, fire management and exotic plant management must be
carefully coordinated.
Goals
Fire management in the LOHCP Preserve System will be focused on two main goals:
1. Enhancing sensitive populations and communities using fire and fire surrogates
2. Reducing the risk of wildfire which can degrade habitat and threaten human communities
Oftentimes, both goals might be facilitated by the same strategies and specific projects.
Methods
Two general approaches to fire management are the use of prescribed fire and fire surrogates.
Prescribed Fire
In prescription burning, fires are deliberately ignited, actively monitored and managed, and
extinguished following a specific burn plan. The burn plan describes the management goals of
the treatment, the treatment area, the constraints of burn treatments, and the plan for the burn,
including thorough safety information. The burn plan also contains the burn prescription—a
specific statement of the desired fire behavior, smoke production, and environmental conditions
that are required for safe and effective execution of the treatment.
Prescription fire can be used in the LOHCP to enhance populations and communities while
simultaneously reducing the threat of wildfire. In 1998, a prescription burn was conducted in the
central maritime chaparral and adjacent coastal scrub communities at Montana de Oro State
Park.
Fire Surrogates
Fire surrogates are management treatments designed to mimic fire by removing or reducing
plant cover. Treatments can involve the use of mechanized equipment, including masticators,
tractors, and bulldozers, or be conducted manually, using chainsaws or other equipment.
Following removal, biomass can be laid flat and burned, piled and burned, chipped and left on
site, or hauled away. The specific treatments for removing and dealing with the plant cover are
often determined by the following:
1. Intended goals of the project (i.e. biological, fuel reduction, etc.)
2. Resulting conditions (i.e. all fuel removed vs. plant cover thinned)
3. Size of the area to be treated
4. Budget for the project
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5. Technical staff available to implement the project
The extent to which fire surrogates are successful in enhancing population growth of native
species and facilitating native community structure and composition is unclear and requires
experimental examination. Just as with prescribed fire, the specific characteristics of the fire
surrogate techniques can likely greatly influence the outcome of the management treatments.
Treatment Characteristics
Based on the best available scientific information, the following aspects of fire management
treatments are likely to maximally benefit native species and communities. Most mimic aspects
of the natural fire regime, to which the species are evolutionarily adapted. Though primarily
devised in terms of prescription burning, many of these design elements could be applied to fire
surrogates as well.
Seasonality
Fire management should ideally occur during the dry season (July to November), as this
is the most likely natural burn season in the system (Langenheim and Greenlee 1983, Greenlee
and Langenheim 1990). In other systems where their effects have been examined, wet season
burns have failed to regenerate stands of chaparral shrubs and promote fire-following herbaceous
species, due in part to increased mortality caused by heat when seeds are moist (Parker 1987,
Moreno and Oechel 1991). Morro manzanita seeds soaked in water for 24 hours germinated at
significantly lower rates than dry seed when subjected to a simulated fire treatment (Tyler et al.
1998).
Implementing prescribed burns during the dry season in shrublands can be logistically
very difficult owing to increased risk of escape. Burning in the fall when temperature is lower
and humidity higher, relative to the summer season, can reduce the risk of fire escape while
oftentimes still affecting the goals of the prescribed burn for chaparral species. The prescription
fire conducted at Montaña de Oro State Park to evaluate fire effects on Morro manzanita was
conducted in early November 1998, under mild temperatures and moderate humidity 10 days
following 1 cm of rainfall. Though establishment of Morro manzanita seedlings was lower than
required to replace the stand, the researchers attributed the lack of sufficient germination to low
seed availability, and not inappropriate fire conditions (Tyler et al. 2000, Odion and Tyler 2002).
Areal Extent
Fire management should focus on creating several small (e.g. 1 acre) patchy disturbances
rather than a single large disturbance. Small fires are less likely to extirpate populations of
sensitive species and increase opportunities for recolonization by both plants and animals
(Simmons et al. 1995). In addition, the variability in species composition and fuel load between
communities of the Baywood fine sands suggests that fire may have been naturally patchy. The
maritime chaparral communities have a dense canopy of shrubs including Adenostoma
fasiculatum, which is known for it flammable fuel. In contrast, the shrub cover in coastal sage
scrub is sparser and interspersed by bare ground and herbaceous plant cover, which is less likely
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to carry a fire. Historically, fires that originated in one community type may not have burned
adjacent types, thereby creating a patchier disturbance. (Additional hypothesized biological and
logistical benefits of small fires are outlined in Technique 12.2.1 in Chapter 3)
Creating several small disturbances rather than conducting a single large fire can be less
effective for two reasons. First, individual small disturbances may not be large enough to sustain
sensitive species populations, such as Morro Bay kangaroo rats which might require relatively
larger areas of contiguous, early successional habitat to sustain their populations. Second, the
proximity of adjacent, unburned habitat may reduce the value of the burned habitat. For
example, herbivory by small mammals that predate upon chaparral shrub seedlings, including
Morro manzanita and perhaps Indian Knob mountainbalm, would be greater in small disturbance
areas, owing to the proximity of mature shrubs that house the small mammals (Tyler and Odion
1996). Impacts of herbivory could also be disproportionately high in small fire treatments,
because small mammal populations will have fewer seedlings to predate upon in small burns
compared to large burns. Seedlings of target species (e.g. Morro manzanita, and Indian Knob
mountainbalm) should be caged in burn areas immediately following establishment to reduce the
unnaturally high rate of herbivory. Some of negative aspects of small, patchy burns can be
mitigated, such as by using exclosures to reduce excessive herbivory by small mammals.
Unless small burns are proven ineffective for attaining the biological goals and objectives of
the Preserve System and the individual management projects, they will provide the preferred fire
management approach in the LOHCP Preserve System.
Treatment Area Shape
Long, narrow disturbances may reduce direct negative impacts to sensitive species,
especially animals with low vagility (Simmons et al. 1995). Treatment areas with greater
perimeter to area ratios can be more readily colonized as well. As described above, herbivore
pressure and other negative edge effects could also be greater in such long, narrow disturbances.
Severity
Severity is a measure of the degree of disturbance impact; specifically, the extent to which
biomass is removed. To enhance diversity, multiple treatment areas should be designed to have
different levels of severity, such that different environmental conditions will result from the
burn. Such patchiness can be promoted within each treatment area as well, by allowing areas
that don’t burn to remain unburned (i.e. don’t ignite skipped areas) and/or creating patches that
won’t burn in advance (Simmons et al. 1995).
Return Interval
Attaining the biological goals and objectives through the use of prescribed fire will require
management with the appropriate return interval—the time between successive disturbances. In
fire adapted communities, aspects of the species biology, including their life history, have b been
shaped by their response to fires recurring with a range of frequencies. If the return interval is
shortened or lengthened, fire may negatively impact even fire-adapted species.
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Because it is difficult to accurately reconstruct the historical fire regime, determining the
return interval for fire in the systems is challenging. To further complicate things, the different
communities of the Baywood fine sands likely burned at different frequencies, owing to
differences in their plant species composition and thus fuels. Hypotheses for appropriate return
intervals must be developed through research examining the available fire history, the
composition of communities, the age structure of sensitive species populations, and
consideration of ecologically similar systems. The hypothesized return intervals should then be
tested using small scale experiments to evaluate impacts on the species and communities.
Based on their research evaluating the effects of a fire in a 40 year old stand of maritime
chaparral, Odion and Tyler (2002) concluded that the return interval was too short, as insufficient
Morro manzanita seedling establishment was attributed to insufficient accumulation of viable
seed. The researchers recommend a longer return interval, such as 80 years, for the Morro
manzanita chaparral communities (Odion and Tyler 2002). The other communities of the
Baywood fine sands may have historically burned at different frequencies, however. Thus future
research and cautious fire management is needed to avoid the potential negative impacts of
burning too frequently or infrequently.
Evaluating Fire Management Alternatives
The negative impacts and logistical difficulties potentially associated with using fire
necessitate careful consideration of alternatives to fire management. First, as discussed above, it
may be possible to use mechanical or manual removal of plant material (i.e. dead material and
live shrubs and trees) to attain the biological goals of management (i.e. enhancing chaparral plant
species diversity, regenerating Morro manzanita, etc.) and to reduce the threat of wildfire. Even
if proven effective through experimental trials, high implementation costs and degrading effects
of soil disturbance caused by work crews might render such treatments also infeasible for
widespread use in the Preserve System. Such techniques will require further evaluation.
Another alternative to fire management is simply “no management”. This approach is used
in wildland areas throughout the region. Because the vegetation structure (i.e. fuels) and climate
of the region predispose the system to natural wildfire and render it highly susceptible to humaninduced fire, preventing fire within the LOCHP Preserve Systems will not likely be possible in
the long term. The consequences of wildfire in the preserve system could be grave, as many of
the potential negative impacts associated with fire could not be prevented, including:
1. Negative impacts to sensitive species
• even moderate sized fires could extirpate important remaining populations
• the return interval could be too short for sufficient Morro manzanita regeneration
• the season could be inappropriate (i.e. wet season) for the life history of species
2. Invasion of exotic plants
• pre-treatment to remove exotic plants would not likely have occurred
• the wildfire might would likely create a larger disturbance more susceptible infestation
• the wildfire might occur adjacent to a highly invaded area
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Thus, a more proactive approach to fire management will likely be essential to attaining the
conservation goals of the LOHCP Preserve System, and thus is incorporated into Element 4 of
the proposed strategies, targets, and techniques (Chapter 3).
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