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4.  identify potential agents of abnormal anthropogenic change
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APPENDICES

In each park appendix, the following will be addressed:


Location


Natural Resources


Inventory Status


Current and Previous Natural Resource Monitoring


Most Important Agents of Change and Stressors


Management Goals Specific to Natural Resources


Management and Scientific Issues


Stakeholders

A. Eugene O’Neill and John Muir National Historic Sites

B. Point Reyes National Seashore and Golden Gate NRA Area Sites 

C. Pinnacles National Monument

PHASE I REPORT

San Francisco Bay Network

Inventory and Monitoring Program

I.  Executive Summary
The San Francisco Bay Network (SFBN) is one of eight networks in the Pacific West Region of the National Park Service and is composed of eight park units including Eugene O’Neill National Historic Park (EUON), Fort Point National Historic Park (FOPO), Golden Gate National Recreation Area (GOGA), John Muir National Historic Park (JOMU), Muir Woods National Monument (MUWO), Pinnacles National Monument (PINN), Point Reyes National Seashore (PORE), and the Presidio of San Francisco (PRES).  The San Francisco Bay Network was selected as one of the top three networks for the region to obtain monitoring funds because of need, capacity and level of monitoring effort already in place.  

In FY01, the San Francisco Bay Network was provided $150,000 start-up funds to hire a coordinator and provide for supplies and equipment to support the position.  In FY02, the Network was provided with $587,083 for monitoring and will receive the full funding allocation of $737,083 in subsequent years.  Additionally, the Network received $70,000 in each year for water quality monitoring.  This funding will also continue in subsequent years.

Permanent and term personnel were hired between 2001 and 2002 to support the Inventory and Monitoring program.  Jennifer Bjork was hired as the Network Inventory and Monitoring Coordinator in July 2001.  A network water quality monitoring coordinator, Mary Cooprider, a network data manager, Brian Witcher, and a network biological technician were hired in 2002.   Additionally, a couple of data managers and data technicians were hired in 2002 to support the data gathering needs of the individual parks.

Three park groupings completed vital signs monitoring workshops in FY02. Pinnacles held a workshop in September 2001.  John Muir and Eugene O’Neill jointly held a workshop in the January 2002 since both parks are in close proximity and share similar natural resources, issues and management. The Golden Gate group and Point Reyes jointly held a workshop in July 2002 since these parks also share many similar resources and issues.  The Steering Committee of the San Francisco Bay Network worked on a joint conceptual model for the network and are preparing for a joint vital signs monitoring workshop for the network to be held in the fall or winter of 2002.





II. Introduction and Background

Purpose of Monitoring Program

Perceptions of national parks have changed over the past 120 years.  National parks were originally conceived as “pleasuring-grounds” for the people, to be preserved in their natural condition and protected from wanton destruction (16 USC 21-22).  As the nation’s frontier was settled, national parks became islands of nature and were increasingly valued as fragments of “wildness” and as emotional retreats from the stresses of modern life. Now, national parks function as outdoor laboratories for studying natural systems and ecological processes.  Even more importantly, they have become “canaries in the mine” for the biosphere and are valuable reservoirs of wild genetic material, sensitive species, communities, and biodiversity.  By developing sound technical information on park resources and surrounding open spaces, the National Park Service (NPS) and its neighbors are better positioned to actively preserve those heritage resources, both through their own discretionary actions and through more effective involvement in broader state and federal natural resource programs.

Knowing the condition of natural resources within parks is fundamental to the ability of the NPS to protect and manage their resources.  In 1992, the NPS Inventory and Monitoring (I&M) Program developed a Servicewide policy  “to better understand their dynamic nature and condition” of natural resources, to detect or predict changes that may require intervention, and to serve as reference points for more altered parts of the environment.  By integrating this information into NPS planning, management and decision-making, scientific knowledge of natural resources will improve NPS stewardship of our heritage lands (NPS 75: Natural Resources Inventory and Monitoring Guideline 1992). 

Network Concept and Parks in the Network

The NPS servicewide I&M program combined parks with significant natural resources into Networks.  Thirty-two “networks” or groupings of parks were combined in order to develop common methodologies for data comparability, to reduce the level of effort and to share resources.  Partitioning was based on commonality of resources and logistical proximity.

The San Francisco Bay area network of parks is one of eight networks in the Pacific West Region of the National Park Service and is composed of eight park units within 150 miles of each other and the city of San Francisco (Map 1). The parks comprise over 200,000 acres of land, 25,000 acres of marine waters, and over 180 linear miles of shoreline.

1. Eugene O’Neill National Historic Site established in 1976, honors the only U.S. playwright awarded the Nobel Prize.  The historic gardens are surrounded by several hundred acres of Las Trampas Wilderness State Park.  (13 acres)

2. Fort Point National Historic Site was established in 1970 to commemorate an army installation built between 1853 and 1861 to protect the southern entry to the San Francisco harbor.  It has important habitat for native plants around cliffs and seeps.  (29 acres)

3. Golden Gate National Recreation Area is a long, narrow, fragmented park surrounding the mouth of one of the largest ports in the United States.  It was established in 1972 as part of the “peoples to the parks” program.  (95,000 acres)

4. John Muir National Historic Site was established in 1964 as a memorial to preservationist John Muir.  The major natural resource is the hill behind his house, Mt. Wanda. (345 acres)

5. Muir Woods National Monument is one of the oldest national parks, established in 1908.  It was established to protect an extensive grove of redwood trees of “extraordinary scientific interest” only 17 miles north of San Francisco.  (554 acres)

6. Pinnacles National Monument matches Muir Woods in age, established in 1908 to protect unique rocks, caves and formations formed by ancient volcanic activity.  It also has a Wilderness area within reach of major metropolitan areas.  (32,000 acres)

7. Point Reyes National Seashore extends out into the Pacific Ocean and is slowly migrating northward on the Pacific tectonic plate.  It was established in 1962 and has one of the most accessible congressionally designated Wilderness areas in the United States (71,046 acres)

8. Presidio of San Francisco was separated from Golden Gate in 1994 as a Federal:private conservation experiment to become financially self-sufficient by 2013.  It is using community-based efforts to conserve more than historic areas and habitat for eleven listed threatened and endangered species in forests, wetlands and dunes.  (1,380 acres)

Muir Woods, Presidio Trust and Fort Point are administered under Golden Gate.  Eugene O’Neill and John Muir are also administered under one superintendent.  
Summary of Legislation Establishing the Parks

Residents and tourists alike have long appreciated the scenic and historic qualities of the central California.  Luckily those who have most appreciated these treasures have also realized how easily they can be lost.  While large military and agricultural holdings have effectively protected much of the land, resounding public protest to threats of over development or destruction of natural qualities since the late 1800’s has protected open land, helping to establish the Bay Area as the nation’s unofficial headquarters for conservation activists (Muir et al. 1991).

The NPS began park preservation efforts in the Bay area with Pinnacles National Monument and Muir Woods National Monument to preserve geological resources and old growth redwood trees.  These parks were two of the first twenty-five monuments established in the United States.  Pinnacles was established as a Forest Preserve in 1906 and declared as a National Monument in 1908 by President Theodore Roosevelt stating that


“Whereas, the natural formations, known as the Pinnacles Rocks, with a series of caves

underlying them… are of scientific interest, and it appears that the public interests would 

be promoted by reserving these formations and cases as a National Monument with as much 

land as necessary for the proper protection thereof.”
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Mention of other significant park resources is found embedded in legislation to expand the park boundaries in 1924,


“…certain adjoining lands on which are located a spring of water and valuable camping sites…”

In 1964, with the designation of Wilderness, attention also focused on preservation of Wilderness values such as solitude, dark night sky, and ecosystem processes protected from human influence..

In 1905, Congressman William Kent purchased a redwood-filled canyon on the flanks of Mt. Tamalpais to save its lofty trees from logging.  Motivated by threaten condemnation of the canyon floor for a reservoir, Kent donated the land to the federal government and persuaded President Theodore Roosevelt to declare it a national monument.  The proclamation states that the monument was established to protect the grove of coast redwoods because


“the trees are of scientific value because of the primeval character of the forest, the age

 and size of the trees (and) their location near centers of population and instruction.”

Muir Woods has since added more than 5,000 acres and been included within the boundary of Golden Gate.

Saved from urbanization by rugged terrain and poor access, the Point Reyes peninsula remained an attractive coastal wilderness area through the 1950’s.  When serious threats of housing development, logging and freeways occurred in the late 1950’s, local activists pressed Congress for inclusion into the National Park System.  In 1962, President John F. Kennedy established Point Reyes NS using unusually clear language in its intent that natural values should be scrupulously preserved 


“to save and preserve for the purpose of public recreation, benefit and inspiration, a 

portion of the diminishing seashore of the United States that remains undeveloped.”

Approximately 18,000 acres of Point Reyes National Seashore have been retained in agricultural production within a “pastoral zone.” The Northern District of Golden Gate, which is administered by Point Reyes, contains an additional 10,500 acres that are in beef cattle grazing. 

In 1976, Congress established the 27,090-acre Point Reyes Wilderness (PL 94-544 and PL 94-567) and 6,000 acres as potential wilderness.  Located near the San Francisco metropolitan area, this wilderness area is one of the most accessible within the United States wilderness system.  In 1985, Congress changed the name of the wilderness area to the Phillip Burton Wilderness (PL 99-68).

The greenbelt that many believe is now one of the world’s most remarkable pieces of parkland was completed in 1972 with the establishment of Golden Gate NRA (Public Law 92‑589, dated October 27, 1972.  The language of the enabling legislation states the park purpose as follows:


“In order to preserve for public use and enjoyment certain areas of Marin and San 

Francisco Counties, California, possessing outstanding natural, historic, scenic, and 

recreational values and in order to provide for the maintenance of needed recreational 

open space necessary to urban environment and planning…”

Based on the administrative record, this “parks to the people” idea was clearly intended to be a major purpose of the park. 

The conservation and environmental movement was spearheaded by and is symbolized by the writings of John Muir.  Legislation in 1964 preserved his home and remnant orchards as the John Muir National Historic Site


“as a public national memorial to John Muir in recognition of his efforts as a conservationist


and a crusader for national parks and reservations”

Mt. Wanda, an additional 326 acres of rolling oak woodland/grasslands was incorporated 24-years later.

To the east of San Francisco, the East Bay District was acquiring land for the state park system. To preserve it from adjacent development, state park officials  purchased the Tao House, where playwright Eugene O’Neill lived.  The 13 acres of orchards, barn and house were later transferred to the federal government.  The O’Neills found and fostered their home site for its sense of isolation.  This aesthetic feeling is passed on to park visitors.  Las Trampas Regional Wilderness Area, an interesting and diverse open space, surrounds the Site and adds to this feeling.

Legal Requirements for Resource Monitoring

The need to know the condition of natural resources on a continuing basis was recognized and developed in public laws very early.  That mission, developed when the NPS was established 

“to conserve the scenery and the natural and historic objects and the wild life therein and to provide for the enjoyment of the same in such manner and by such means as will leave them unimpaired for the enjoyment of future generations”  (National Park Service Organic Act, 1916)

The mission was clarified in 1998 with the National Parks Omnibus Act.  This Act requires that park managers know the condition of natural resources under their stewardship and monitor long-term trends in those resources to fulfill the mission of preserving parks unimpaired. 

Executive proclamations and orders have since clarified and furthered the intent of these laws.  As stated in Chapter 4 of the  NPS Management Policies (2001), the NPS 
“will strive to understand, maintain, restore, and protect the inherent integrity of the natural resources, processes, systems, and values of the parks.”
Several other Federal laws and executive orders provide legal direction and support for expending funds to determine the condition of natural resources in parks.

· Clean Air Act (42 USC 7401 et seq., 1963, amended 1977 and 1991)

· Clean Water Act (33USC 125 et seq.)

· Coastal Zone Management Act (1972) 

· Endangered Species Act (16 USCA 1531 et.seq., 1973, amended in 1982)

· Executive Order 11900 (Protection of Wetlands)

· Fish and Wildlife Act (16 USCA 742a et.seq., 1956)

· Fish and Wildlife Coordination Acts (16 USCA 661 et.seq., 1958, 1980)

· Forest and Rangeland Renewable Resources Planning Acts (1974, 1976)

· Magnuson Fishery Conservation and Management Act (16 USCA 1801 et.seq., 1977)

· Marine Mammal Protection Act (16 USCA 1361 et.seq.; amended 1972 and 1993)

· Marine Protection, Research and Sanctuaries Act (33 USCA 1401 et.seq., 16 USCA 1431 and 1431 et.seq., 1972)

· Migratory Bird Treaty Act (1974)

· Natural Resource Protection Act (1990)

· National Environmental Policy Act (PL 91-190 as amended) 1969) 

The NPS has an obligation to “manage the natural resources of the national park system to maintain and perpetuate their inherent integrity”.  (NPS Management Policies, 2001.)  NPS policy further states that the NPS “will assemble baseline inventory data describing the natural resources under its stewardship and will monitor these resources… to detect or predict changes.  The resulting information will be analyzed to detect changes that may require intervention and to provide reference points for comparison with other, more altered environments.”

Natural resource inventories tell us what resources are in trust.  Monitoring is indispensable to determine desired resource conditions, to diagnose human impacts, to direct management interventions, and to measure subsequent success or failure of that intervention.  (NPS 75: Natural Resources Inventory and Monitoring Guidelines).

Strategic Goals for Performance Management (GPRA Goals)

The Government Performance Results Act (GPRA; 1993) insures that daily actions and expenditures of resources are guided by both long-term and short-term goals in pursuit of the park’s primary mission.  Goals must be quantifiable with measurable outcomes.  This process sharpens the staff’s focus on accomplishing our missions in the most efficient and effective ways.  These outcomes can be communicated to our important constituents, the American public, in three primary documents:

· Strategic Plan contains the mission statement based on law; mission goals of no less than 5-years duration

· Annual Performance Plan shows how the goals will be accomplished in annual increments

· Annual Performance Report reviews each years successes and failures and identifies where goals need to be revised in the future

The Monitoring Plan for the San Francisco Bay Network is a significant and specific step towards fulfilling GPRA Goal Category I (Preserve Park Resources) for this Network.  The servicewide goal pertaining to Natural Resource Inventories specifically identifies the strategic objective of inventorying the resources of the parks as an initial step in protecting and preserving park resources (GPRA Goal Ib1).  This goal tracks the amount of basic natural resources information that is available to parks and performance is measured by what datasets are obtained.  The servicewide I&M Program identified twelve basic inventory datasets as necessary for the foundation of a monitoring program.  The servicewide long-term goal is to “acquire or develop 87% of the outstanding datasets identified in 1999 of basic natural resource inventories for all parks”.  The Network Biological Inventory Plan (2000) delineated what information exists, the format and condition, and what information is missing.  Based on the information acquired from the inventories, the parks will improve the conceptual model for identifying vital signs to monitor.

The Monitoring Plan will identify the monitoring indicators or “vital signs” of the Network of parks and develop a strategy for long-term monitoring in order to detect trends in resource condition (GPRA Goal Ib3).  The 2001 Annual Performance Report identifies what steps have been accomplished to date and the number of personnel listed as full-time equivalencies (FTEs) involved.  There were 2.9 FTE’s identified.  The Network goal is also to identify vital signs for natural resource monitoring in a Monitoring Plan to be completed by April 1, 2004 and implemented by September 30, 2005. 

The National Park Service goal (per GPRA) is for 85% of park units to have unimpaired water quality by September 30, 2005.  Three water bodies in the SFBN are currently listed as impaired on the Clean Water Act Section 303d list.  The San Francisco Bay Regional Water Quality Control Board has established a timeline (Table 1) for  development of Total Maximum Daily Loads (TMDLs) associated with these impairment listings.  The SFBN water quality specialist will participate in the review and development of these TMDLs to insure that our water quality monitoring program is consistent with, and contributes to, the implementation of these TMDLs.  

Table 1.  TMDL development timeline for impaired waters

Waterbody
Park Unit
Pollutant (s)
TMDL Timeline* from RWQCB




TMDL Report
TMDL with Implementation Plan
Basin Plan Amendment

Tomales Bay
PORE/GOGA
Pathogens
2002
2003
2004

Tomales Bay
PORE/GOGA
Mercury
2003
2004
2005

Tomales Bay
PORE/GOGA
Sediment

Nutrients
2005
2006
2007

Lagunitas Creek
PORE/GOGA
Pathogens,

Sediment,

Nutrients
2005
2006
2007

SF Bay Streams (Lobos Creek)
GOGA 
Diazinon
2002
2003
2004

A concurrent GPRA goal is to preserve the existing water quality of Outstanding Natural Resource Waters (ONRW).  Few waters in the state are considered to be ONRW. With the possible exception of some coastal areas (undetermined at this time) there are no ONRW in the parks within the San Francisco Bay Network.
Monitoring Goals and Objectives

The NPS definition of monitoring “is long-term systematic repetition of a specific resource survey and the analysis of those data to predict natural and human-induced changes in resource condition, and to determine if natural resource condition objectives are being achieved”  (NPS 75). 

The goals of current natural resource monitoring in most parks is primarily directed to determine compliance with environmental standards or to evaluate impacts of visitor and management activities.  In order to develop a comprehensive I&M program, the monitoring goals had to be expanded.  Long-term programmatic goals to comply with legal requirements, fully implement NPS policy, and guide management activities are as follows:

1. Establish natural resource monitoring as a standard practice throughout the NPS system, which transcends traditional programs, activities and funding boundaries.

2. Monitor park ecosystems to better understand their dynamic nature and condition and to provide reference points for comparison with other, altered systems.

3. Integrate natural resource inventory and monitoring information into NPS planning, management and decision-making.

4. Share NPS accomplishments and information with other organizations and form partnerships for attaining common goals and objectives.

The overall purpose for monitoring is to protect park resources.  Since many of the threats to park resources come from outside park boundaries, an ecosystem approach to understanding and managing the resources is needed.  Therefore, servicewide monitoring goals are as follows:

1. Determine status and trends in selected indicators of the condition of park ecosystems to allow managers to make better-informed decisions and to work more effectively with other agencies and individuals for the benefit of park resources.

2. Provide early warning of abnormal conditions of selected resources to help develop effective mitigation measures and reduce costs of management.

3. Provide data to better understand the dynamic nature and condition of park ecosystems and to provide reference points for comparisons with other altered environments.

4. Provide data to meet certain legal and congressional mandates related to natural resource protection and visitor enjoyment.

5. Provide a means of measuring progress towards performance goals.

The SF Bay Network adopted the servicewide monitoring goals.  Using those as guidance, the Technical Steering Committee, one park technical specialist per major park, the network Science Advisor, and the Network I&M Coordinator drafted specific annual objectives that must be approved by the Board of Directors.  The FY2002 annual objectives are provided as an example:

1. Hire personnel to coordinate the I&M program for the Network.  This was accomplished.  In addition, the Network hired a Data Manager and a Biological Technician so that a core group is available.  These professionals are helping in the coordination of the workshops, ensuring that data standards and consistency are met from data sheet development to contract deliverables to final dataset storage, and assisting small parks meet their primary natural resource inventory and monitoring needs. 

2. Assist existing monitoring and accelerate mapping to support vital signs indicator selection and monitoring design.  The Network supported existing monitoring programs, including Neotropical migratory songbirds, western snowy plovers, pinnipeds, coho salmon and steelhead trout, and northern spotted owls.  Two mapping projects were accelerated:  vegetation map of new lands at Pinnacles, and wetland mapping at Point Reyes and Golden Gate.   

3. Complete vital signs scoping workshops and monitoring plans for the parks in the Network.  Scoping workshops for all parks were completed.  The Network Vital Signs Workshop has been planned for fall/early winter of 2002.  Protocol development and peer-review are high on the list of needs for FY2003.

4. Conduct inventories to acquire information for monitoring planning of various resources including rare plants and nearshore and intertidal fishes at Golden Gate and Point Reyes, rare small mammals at Muir Woods, multi-species vertebrates and birds at John Muir and Eugene O’Neill, birds at Pinnacles, and bats at all parks.

Significance of Natural Resources in Network Parks 

The abundance and diversity of ecosystems and taxa in the San Francisco Bay Area Network of parks are remarkable.  The parks are located within three ecological sections:  

1) the Central California Coast contains coast live oak, chamise, valley oak, redwood, Douglas fir-tanoak, chaparral and grassland series of vegetation communities,

2) the Northern California Coast contains redwood, Douglas fir-tanoak, coast live oak, chaparral, and grassland series, and

3) the Central California Coast Range contains coast live oak, chamise, valley oak, and mixed chaparral series (Bailey 1994).

Topographical relief of the parks ranges from sea level to 3,300 feet above mean sea level.  The dominant geological force in this area, the San Andreas Fault, is the meeting of the Pacific and the Continental Plates.  The seismically active zones offer unusual habitat for endemics and species at the edge of their range as coastal California from Pinnacles through Point Reyes slides northward.  Plate movement created and continues to create a fractured landscape with unique geology and soil types.  Even though a volcano created the rock formations of Pinnacles, it was plate tectonics that up thrust the rock spires to the skyline.  Cave formations create habitat for many unique species.  Slopes range from almost flat marine terraces and alluvial deposits to steep canyons along some creeks.

The moderate Mediterranean climate offers long growing seasons, supports diverse plant and animal communities, including over 1200 plant species.  Important vegetation alliances include coastal dune, coastal terrace prairie, serpentine chaparral and bunchgrass, chaparral, native grasslands, oak woodland, ancient redwood forests, Bishop pine forests, and Douglas-fir forests.  Nearly 60 Federal or state listed threatened and endangered species occur as residents or seasonal migrants (Table 2).

A convergence of a number of oceanic currents rising from the abyssal plain over a steep submarine cliff makes the marine and coastal shoreline habitats complex and diverse.  The California coast is only one of five areas of eastern boundary upwelling oceanic currents worldwide.  In addition, a plume of warmer, freshwater exiting the San Francisco Bay extends out into the Gulf of the Farallones.  These nutrient rich waters support an abundant and diverse fauna.  More than one-third of the world’s cetacean species occur in these waters.  Significant haul-out areas for five species of pinnipeds are used year round and represent one of only eleven mainland breeding areas for northern elephant seals in the world and 20% of the breeding population of harbor seals in California.  Eleven species of seabirds breed within the parks and over 80 waterbird and shorebirds species were identified in the parks during the 1997-99 inventories (Page and Kelly 1999).

The SFBAN of parks represents one of the six most significant areas in the nation for biodiversity (Nature Conservancy, 2000).  Therefore, the parks are significant for supporting endemic species and communities despite close proximity to large urban areas.  Internationally, these parks fall within the eighth most significant “hot spot” in the world for biodiversity at risk due to rapid human population growth (Cincotta and Engleman, 2000).  With a current population of 6.9 million, the metropolitan centers of San Francisco, Oakland and San Jose are forecast to have a population of 8 million by 2020 (Assoc. of Bay Area Governments, 2000).  Recognizing the extraordinary significance and exposure to threats in the region, the UNESCO Man in the Biosphere program designated the Central California International Biosphere Reserve in 1988, encompassing five of the eight parks.  Preserving biologically and geologically diverse habitats and their associated species as well as providing opportunities for recreation, education and aesthetic enjoyment to a large urban population is a difficult balancing act.  The need to mitigate impacts and preserve these natural resources based on scientific recommendations from a wisely developed monitoring program is urgent.  

Most Important Regional Management and Scientific Issues

The SF Bay Network and the Pacific West Region have identified habitat fragmentation, water quality degradation, global climate change, endangered or sensitive species protection, non-native species invasions, fire management, and lack of scientific knowledge as the greatest issues facing ecosystem function in national park lands. (PWR Science Needs Workshop, 2002).  

Habitat fragmentation encompasses many of the other issues threatening park lands.  Habitat fragmentation is a function of edge to area ratio and linkages between landscapes.  In the SFBAN conceptual model, habitat fragmentation affected habitat quality, quantity and distribution, and has a cascading effect on predator and prey densities and distribution, nutrient levels, pollutant loads, and disease and pathogen incidence and distribution.  Fragmentation is a form of habitat conversion on the boundary and within the border of parks.  Habitat conversion can occur due to the spread of exotic species, development, recreational activities, fire, and extraction of resources.  Examples of recreational activities in the Network include hiking, wildlife viewing, rock climbing, mountain bike riding, horse back riding, hang gliding, boardsailing and kayaking.  Development can include building or conversion of adjacent agricultural land from grazing to vineyards.  Two examples of extraction of resources include sport and commercial fishing and collection of mushrooms.  Habitat fragmentation can also create barriers preventing the normal distribution or dispersal of species so that species become isolated on islands of parklands.   Parks may become sources or sinks for populations, and consequently, increase complexity of species management. 
Water quality and quantity are national issues as water sources  are diverted, polluted and used by conflicting interests.  In the SFBAN, water quality is a very high profile issue because of proximity to a large urban area.  Industrial, agricultural and recreational pollution are threatening the water resources of the parks.  The Norwalk virus, for example, which contaminated shellfish sickened over 100 people in Tomales Bay in 1998.  Water transport and diversion are also significant stressors manifested in sediment deposition/erosion, accretive/avulsive meandering, flow regimes (bankfull/dominant discharge/peak flow) based on channel forming flow, and long-shore sediment transport.

Global Climate Change due to greenhouse gas accumulation in the atmosphere is expected to increase weather variability in unpredictable ways including droughts or increased precipitation.  The San Francisco Bay area is predicted to have increased rainfall, and more intense and more frequent El Nino Southern Oscillation events.  Sea level already has risen 4-8 inches in the past century and models predict that this rise will accelerate, potentially as much as a couple of feet over the next 50 years. (NOAA Global Climate Change Report 2001). Climate change may impact shoreline erosion, saltwater intrusion in groundwater supplies, and inundation of wetlands and estuaries.  These are vital resource management concerns along the 180 miles of Network shorelines.  Increased and more intense precipitation would also increase erosion and flood events at all of the parks, which are characterized by erosible soils.  Sea temperature is also predicted to continue to rise.  Central California waters have already increased in temperature over the past 30, with changes in the distribution of many marine species of invertebrates and fishes (http://nigec.ucdavis.edu/publications/annual2000/westgec/Croll/).

Our lack of knowledge of ecosystem function inhibits the NPS from responding in a timely way when ecosystems become fragmented or populations decline.  Consequently, much of the past Network program effort has been in data gathering as well as analysis and integration of existing monitoring efforts.

Specific research to address these overarching management issues are presented in the Science Needs web site for the network (http://www.nps.gov/pore/science.htm).  Science needs fall into fifteen categories ranging from defining desired future conditions to developing non-native species controls:  

- Ecosystem Monitoring
- Landscape Ecology
- Declining, Rare, Endangered and Sensitive Species
- Water Quality/Quantity
- Aquatic Ecology
- Marine Ecology
- Plant Ecology
- Wildlife Ecology
- Wilderness Management
- Social Science
- Fire Ecology
- Restoration Ecology
- Invasive Species
- Geology
- Paleoecology  

Monitoring by Parks
The parks in the Network have been monitoring many resources, some for decades, however the monitoring has not been integrated into an ecosystem model until recently under the guidance of the national I&M program.  The older parks have been monitoring high-profile species such as prairie falcons and redwood trees for many decades.  Long-term monitoring of birds has also been conducted in Golden Gate and Point Reyes for over 30 years.  Most other long-term monitoring programs have been special status species related to legal compliance.  For specific information on existing monitoring actions, see the Appendices for each park grouping.

Monitoring Efforts by Others

There is a wealth of monitoring already being conducted in the San Francisco region by partners ranging from watershed management councils to state and federal agencies.  Many of the existing monitoring efforts by the San Francisco Bay Network of parks are integrated with these larger studies.  Research institutions are the most common partner and include the Point Reyes Bird Observatory, the Golden Gate Bird Observatory, the University of California and the U.S.G.S. Biological Research Division.  Some studies have been ongoing for decades (see Appendix B).  This provides the NPS an opportunity to collaborate with for the development of a region-wide condition assessment and monitoring effort.

Significant monitoring programs in the San Francisco Bay Area include the San Francisco Bay Estuary Project (http://www.abag.ca.gov/bayarea/sfep/sfep.html) which was established by the National Estuary Project.  They have developed a wide array of monitoring protocols for San Francisco Bay.  The CALFED Bay-Delta Program is another large scale program in the region which was established “to develop and implement a long-term comprehensive plan that will restore ecological health and improve water management for beneficial uses of the Bay-Delta System. 

 (http://calfed.ca.gov/Programs/Science/Science.shtml)”.  

Additionally, the Point Reyes Bird Observatory (PRBO), a wildlife research group located at PORE, has several large-scale bird monitoring efforts for most taxa.  For example, PRBO  is currently developing  monitoring protocols for shorebirds in conjunction with U.S. Shorebird Conservation Plan (http://www.manomet.org/USSCP/), has already been involved in the development of the BBIRD Protocol and MAPS, which are being used in many national parks servicewide.

The U.S. National Marine Fisheries Service has large scale, long-term monitoring studies of marine mammals and fish in the region and the parks currently participate in various studies of pinnipeds, including harbor seals and northern elephant seals.

The U.S. Fish and Wildlife Service also has large scale, long-term monitoring studies.  They are studying waterbirds and seabirds at Golden Gate and Point Reyes.  These parks benefit from over 20 years of data developed and analyzed by this agency.

Other groups manage open space and undeveloped lands (Map 2).  They may be interested in partnering with us in long-term monitoring to improve preservation and understanding of resource condition and trends.  These groups include:

1. Bay Area Open Space Council.  The group is a collaboration of public and non-profit land management agencies and organizations with a broad initiative to improve the use and management of conservation easements in and around the cities in the San Francisco Bay Area.

2. California State Parks.  The 6 state parks have very similar missions as ours –  preservation, recreation, and education.  They are very short-staffed but would welcome monitoring locations within their parks to add to the understanding of the wider region.

3. Los Padres National Forest. Los Padres encompasses nearly two million acres in the coastal mountains of central California. The north division around Monterey and Santa Lucia is due east of Pinnacles. 

4. Marin Agricultural Land Trust. MALT works to preserve undeveloped, agricultural lands in Marin County and much of these lands are adjacent to GOGA and PORE.  They are also interested in obtaining migratory corridors to connect protected lands, increasing water quality, and preserving riparian habitat for neotropical migrants.

5. Marine Life Refuges.  The State of California is presently collaborating with other state and federal agencies to establish marine protected areas all along the coast.  The National Park Service and the NOAA Sanctuary Programs office are working with the state agencies to identify areas of special significance. Protected areas will range in level of protection.  Within PORE, there are 3 sites identified for inclusion in this program.  The Bodega Marine Life Refuge bounds Point Reyes and Golden Gate.  The University of California has considerable research studies in this Refuge.
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6. Mid-peninsula Regional Open Space District.  The District currently manages nearly 50,000 acres of land in twenty-six open space preserves.  Their purpose is to permanently protect and restore lands that they acquire forming a regional open space greenbelt.  The District is neither a city nor county government, but have the same powers.  They are often defined by their functional characteristics, such as watershed protection districts and open space districts.

7. Muir Heritage Land Trust.  The Trust works to preserve undeveloped lands to provide a buffer between cities and suburbs of Contra Costa County.  They are also interested in obtaining migratory corridors to connect protected lands.  One of two current campaigns is to protect 1,500 acres of land linking ridge lands from the Carquinez Strait extending south to Briones Regional Park and continuing to areas near Las Trampas Regional Wilderness.  This may help provide some connectivity for Eugene O’Neill and John Muir.

8. National Marine Sanctuaries.  The U.S. National Oceanographic and Atmospheric Administration manages three large refuges off central California.  The Gulf of the Farallones includes nurseries and spawning grounds for commercially valuable species of fish and at least 26 species of marine mammals including one-quarter of California’s harbor seals.  The Farallon Islands are home to the largest concentration of breeding seabirds in the continental United States.  This 1,255 square mile protected area abuts Point Reyes and a portion of Golden Gate.  Monterey Bay Marine Refuge, the nation’s largest marine sanctuary, spans 5,300 square miles with an array of habitats from rugged rocky shores and lush kelp forests to one of the deepest underwater canyons on the west coast.  It abuts portions of Golden Gate and is west of Pinnacles. Cordell Bank National Marine Sanctuary is located 40 miles west of Point Reyes and is a significant seamount where many marine species of PORE and GOGA forage. The refuges attract considerable research.  One of their current projects is to monitor coastal ecosystem change.  Each of these sanctuaries is presently conducting inventories and  identifying what elements to monitor. The SF Bay Network is already cooperatively monitoring several marine species including seabirds, marine mammals and oceanic productivity.  To ensure data compatibility, the data manager at PORE is a shared position with NOAA.

9. Peninsula Open Space Trust.  This nonprofit group is dedicated to preserving the beauty, character and diversity of the coastal areas of the San Francisco Peninsula.  Since it’s founding twenty years ago, it has protected more than 40,000 acres of San Francisco Bay open space.

Who Will Use Monitoring Information and Why
Many people will use the information in a variety of ways, but the primary use by all groups is to improve protection of the resources in the parks.  The primary user of this long-term monitoring data is the National Park Service and the Network of parks.  Annual reports to Congress will be necessary.  These reports will contain information about the condition and trends of the parks and of the larger San Francisco Bay Area region as a whole.

The park resource managers will be the primary group within the parks that will not only use, but maintain, evaluate and store these important data sets.  They will use the information to recommend strategies to protect the resources, identify research needs to improve understanding, and share the information with other park staff, park visitors, researchers and other interested parties. 

Park management will use recommendations from the resource managers and researchers to work with partners and stakeholders to improve protection of the resources.  They will also help in the outreach seeking additional appropriate partners and grants.

Researchers will also have access to the monitoring data.  By sharing data, a stronger information base is developed leading to improved conclusions and recommendations.  It may also lead to new studies.  Researchers will also assist in the role of evaluating monitoring protocols and in establishing monitoring strategies for the selected indicators.

Park partners will also be users of the data.  Shared data and technical specialists between the NPS and partners will expand the information.  Collaboration will also improve other studies, recommendations and conclusions.  Knowledgeable partners can become allies and supporters of park mitigation actions to protect resources.

The public, especially school groups and students, will also have access to monitoring data.  Hopefully it will peak their curiosity and interest, thus developing future scientists and land stewards.  Their improved understanding of issues and threats should result in interest in helping preserve resources.

Process for Selecting Vital Signs Monitoring Indicators

The servicewide I&M program developed a process for developing a Network monitoring program that each Network must follow.  The first step in the process of developing a monitoring program is to clearly state management goals and objectives which were listed above.

The parks then determined the boundary limits of the system to monitor

The elements that define the limits of a boundary include leadership (as within a community), authority (as dictated by legal action), and zone of influence.  The legislative boundaries of the San Francisco Bay Network area extends from Tomales Point, Marin County, on the northern edge south to Milagro Ridge, San Mateo County (Map 1) and east to Pinnacles NM.  The total acreage for all parks combined is around 200,000 acres.  The parks are part of a Biosphere Reserve, and so function as a part of a community of reserves with varying levels of resource protection and use.

The Monitoring Plan designates two levels of boundary limits, a core and an outer limit.  The core limit is composed of the NPS boundaries, including state parks, and adjacent watersheds.  The outer limit is delineated by the broader boundary of the Golden Gate Biosphere Reserve, three National Marine Sanctuaries, two National Wildlife Refuges, one Bureau of Land Management unit, several state parks and the mouth and center of San Francisco Bay.  The core limit takes into account the need to monitor upper and lower reaches of watersheds, which extend beyond the legislative boundaries of the parks.   The outer limits of the boundary take into account that marine and terrestrial species range widely in the region, and that shared monitoring activities with other partners is encouraged.

The next step in the servicewide process is to evaluate the status of available data on biotic and abiotic resources.  This included gathering species lists, assessing mapped information and imagery, evaluating inventories and monitoring of physical and biotic resources, and listing human use activities.  This information was gathered throughout 2000-2002 through the efforts of park staff and seasonal data technicians.  Since data gathering is an ongoing process, a series of data technicians will work on this task.

The assessment of data facilitates the development of a conceptual model of the major ecosystem components, processes and stresses, which is the third step in the servicewide process.  During this step, three separate park-centric workshops were held:  Pinnacles group, Eugene O’Neill/John Muir group, and Golden Gate/Point Reyes group.  During these workshops, several components were either identified or verified for each group of parks:

· significant resources 

· major stressors capable of creating change

· effects of stressors on the ecosystem components

· potential indicators that could monitor the conditions and changes  

Participants in these scoping workshops included key technical park staff, regional office technical specialists, and partners collecting information about the park(s).  A follow-up workshop involving different specialists further refined the lists and created a draft model of relationships and effects.  Each park group developed a slightly different, but compatible model.  Summaries of each workshop and conceptual models are presented in the Appendices.

From these earlier workshops, park staff has developed a draft Network Conceptual Model with a listing of potential monitoring indicators.   The next step is to pull the information from the three workshops into one for the Network on a broader, regional scale, and then hold a vital signs scoping workshop in late fall/early winter 2002.  This workshop will be held with partners and other land managers throughout the region to peer-review, and  if appropriate, modify the conceptual model.  Working groups of scientists will then take the top-level indicators and select the appropriate monitoring protocol and design with the help of an expert in the appropriate discipline.  During key steps in development of the monitoring program, portions of it will be peer-reviewed by other qualified scientists.  All protocols, the Conceptual Model and the Monitoring Plan will be peer-reviewed.  

III. Conceptual Models

Summary 
A conceptual model is a comprehensive representation of key linkages and drivers of the ecosystem.  It is a pictorial and verbal way of expressing physical, chemical and biological features of how system components are linked and interact.  A conceptual model can be simple statements of how things work or more complex descriptions of processes that include rates and magnitudes of relationships.  A conceptual model is a representation of reality that is simplified, and so provides a way of dealing with complexity, size, transitory conditions and other factors.  Although the conceptual model presented here may touch on quantitative relationships, the model is largely designed to provide a road map for implementing a monitoring plan and will be modified in an iterative process as the ecological linkages are better understood after several years of monitoring.  The conceptual model must take into account different scales of time and space, including landscapes, communities and populations.  

The steps required to develop a conceptual model include defining the boundaries of the study area, identifying the key ecosystem components, stressors, and effects based on current knowledge and assumptions from the past and current studies.  From that, potential indicators are derived, and then ranked.  

Conceptual Model for San Francisco Bay Network 

The area encompassed by the eight parks within the San Francisco Bay Network is shown in Map 1, and all significant adjacent open space lands is depicted in Map 2.  In this mosaic, the parklands are fragmented patches.  The largest contiguous areas are the Golden Gate – Point Reyes parklands in Marin County and Pinnacles National Monument south of San Jose.  Not all park or open space lands have the same management issues and missions; therefore, their respective monitoring needs may not always coincide.  Together as a network of parks, we hope to build a regional understanding of resource condition and trends.

The three overriding ecological components of the network are the Mediterranean climate, the San Andreas Fault and the coastal marine upwelling system.  The Mediterranean climate is characterized by a regime of hot summer drought and winter rain in the mid-latitudes, north of the subtropical climate zone.  Consequently, the plant communities growing in these regimes often consist of drought-tolerant woody shrubs and trees, and annual fall-sprouting grasses.  The area is characterized by a longer growing season and higher biodiversity.  These plant communities follow a gradient from the coastal vegetation associated with the cooler temperatures to the inland vegetation associated with very hot summer temperatures.  The San Andreas Fault affects all parks, creating up thrust hills, steeply incised stream channels, and habitats for endemic biota and species at the edges of their range.  The coastal mountains and valleys run parallel to the coast in a north to south direction.   The marine system produces extreme localized weather patterns and associated biota; for example, dense fog in the summer results in a distinct vegetation and wildlife boundary from the hot inland biota.  Many species are associated with the transition zone between marine and terrestrial systems and this further enhances the biodiversity of the region.

Additionally, Network parks embody large watersheds with extensive inputs of freshwater, nutrients, and sediments; are vulnerable to major geologic forces such as earthquakes. The vegetative communities are diverse and monitoring will be required at the population, community and landscape levels; measures for changes at these levels could involve biodiversity and spatial distribution. 

Even though specific predominant species may not be the same, oak woodlands and grasslands are two vegetation communities that all Network parks have in common.  Sudden oak death and other diseases may become a concern for all parks.

Anthropogenic threats to all parks come from the large urban edge that continues to expand and include recreation, land use practices, wildfire, non-native invasive species, disease and barriers to dispersal of native species (see Science needs section).   

The Conceptual Model for the SFBAN has three levels; a generic, a park-group specific, and an indicator specific.  The generic level contains the universal ecological elements common to all parks  (Figure 1).  

Network Level I Model

All park units are using this general network Level I model.  The Level I model includes energy transfer, external anthropogenic stressors, and natural disturbances.  The resources (biological and geophysical) are on the large, green middle layer of the model. A disturbance, threat or stressor can affect several resources.  Effects may be cumulative, seasonal or temporal and may be short-term or long-term in duration.  Not all ranges in natural variation of natural disturbances are understood.

Energy transfer is the unifying component at the generic level. Disturbances are the movement of energy through the model that affects the resources.  Natural disturbances emanate from the center, brown rings of the model.  Earthquakes, for example, release energy from the internal heat flux of the planet’s core to the crustal surface and can affect all of the resources.  Major natural disturbances are grouped into geohazards such as mass wasting, flooding, drought, fire, disease, and astrohazards like the rare direct hits from large meteors.

Anthropogenic disturbances are on the outer, blue to purple rings of the model.  Hikers, for example, continually flushing roosting birds can preventing them from resting.  This prevention of energy capture, if it happens often enough, will result in weakening the animal making it more vulnerable to predation or disease.  Anthropogenic stressors were grouped into three categories: visitor use, development and land use, and non-native species.  The socio-political influences are large-scale, over-riding forces affecting all human-caused disturbances.

 The natural disturbances are located on the inner ring of this model.  The resources are located on the large, middle ring with expanded sections for further clarification.  The anthropogenic disturbances are on the outside ring of the model and also have expanded sections for clarification.
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Network Level II Model

The second stage of the conceptual model adds the effects of the disturbances or stressors on the resources.  This is the section of the model that examines effects of the disturbances leading to potential vital signs for monitoring.

The Pinnacles NM group developed the initial model and were the first to use it to identify their indicators.  Figure 2  shows disturbances, effects and indicators for prairie falcons at PINN.  This example indicates the effects of external stressors (anthropogenic) on the top and internal natural disturbances on the bottom on the resource realms, concentrating on wildlife.  A strong El Nino event can create flooding, decreasing the number of small mammals, a prey base for the prairie falcon, with a consequent decrease in nesting success.  Agricultural pollutants and visitor use can also alter productivity of falcons.  Other indicators are under development.
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 The Point Reyes/ Golden Gate group developed their second section differently (Figure 3).  This group separated resources into the terrestrial, marine, aquatic and physical resources, and combined the biotic and geophysical components in each resource group.  They examined both natural processes and anthropogenic stressors that affect the resources using the inner and outer rings of the model.  The specific effects were listed, then grouped when appropriate, to look for larger patterns of similar effects from multiple stressors.  These grouped lists are shown side by side – the disturbances, both natural and anthropogenic, in the first column and the effect on the resource in the second column.  A list of potential indicators was then developed for monitoring the resource condition, changes and trends.  That list is shown in the third column.  They can then select more than one indicator to capture changes at different scales.

[image: image9.wmf][image: image10.wmf]Vegetation - Wildlife habitat

PROCESSES /

STRESSORS

Climate change

Land use

Recreation

Contaminants

Disease

Park Operations

Fire

Seismic

Climate

Flood

EFFECTS ON

ECOSYSTEM

 

D

 Connectivity

 

D

 Distribution

    Quality

 

D

 Wildlife carrying

capacity

 

D

 

 Resiliency

METRIC TO

MONITOR

Landscape

·

 Spatial distribution

·

Acres / patch size

Community

·

 Disease (SOD)

·

 Community

(structure, edge,

biomass, richness,

presence)

·

 Disturbance

VITAL SIGN

INDICATOR

Landscape

·

 Distribution

·

 Edge

·

 Land use patterns

Community

·

Vegetation

community

resiliency

·

 Invasive non-

native species

·

 Riparian corridors


The second phase of the model for John Muir and Eugene O’Neill is also different.  Since they share a similar ecology, are managed collectively, and are in close proximity to one another, a single model was developed.  This conceptual model mirrors the Network conceptual model with the addition of social and cultural resources (Figure 4).  The interactions between the geophysical and biological resources function the same as in the Network Level I model.

The inner portion of the circle lists the resources by type.  The outside of the circle has the stressors or the potential impacts to these resources.  In this model, stressors can have a positive or negative effect on the resource.
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Below is an example of how a social resource is affected by many types of stressors.  Potential indicators for this resource are also listed.  More details on the remaining resources and the model details can be found in the Appendix A.




These models have guided the three park groups in selecting monitoring indicators (see Appendices for more detail).  By combining the lists and looking for common elements of resources and threats, a potential list of indicators was developed for the Network.  The model and the potential indicators will be shared with the participants in the Vital Signs Workshop in early winter.

Table 2.  Federal and state threatened / endangered species known to occur within the SFBay parks.

Common Name
Federal
State
Park

Invertebrates




California Freshwater Shrimp
FE
SE
GOGA, PORE

Mission Blue Butterfly
FE

GOGA

San Bruno Elfin Butterfly
FE

GOGA

Bay Checkerspot Butterfly
FT

GOGA

Myrtle’s Silverspot
FE

PORE

Fishes




Coho Salmon- Central CA Coast ESU
FT

GOGA, PORE, MUWO

Chinook Salmon- Sacramento River winter run 
FE
SE
GOGA

Chinook Salmon – Central Valley spring run
FT

GOGA

Steelhead- Central CA Coast ESU
FT

GOGA, PORE, MUWO

Steelhead- Central Valley ESU
FT

GOGA

Tidewater Goby
FE
CSC
GOGA, PORE

Amphibians




California Red-legged Frog
FT
CSC
GOGA, PINN, PORE, MUWO

Reptiles




Loggerhead Sea turtle
FT

GOGA, PORE

Green Sea Turtle
FT

GOGA, PORE

Leatherback Sea Turtle
FE

GOGA, PORE

San Francisco Garter Snake
FE
SE
GOGA

Birds




California Brown Pelican
FE
SE
GOGA, PORE

Bald Eagle
FT
SE
GOGA, PORE

American Peregrine Falcon
FD
SE
GOGA, PINN, PORE

California Condor
FE
SE
PINN

Western Snowy Plover
FT
CSC
GOGA, PORE

California Least Tern
FE
SE
GOGA, PORE

Marbled Murrelet
FT
SE
GOGA, PORE

Northern Spotted Owl
FT

GOGA, PORE, MUWO

Aleutian Canada Goose
FT

PORE

Greater Sandhill Crane

ST
GOGA, PORE

California Black Rail
(FSC)
ST
GOGA, PORE

California Clapper Rail
FE
SE
GOGA, PORE

Bank Swallow

ST
GOGA, PORE

Swainson’s Hawk

ST
GOGA, PORE

Willow Flycatcher

SE
GOGA, PORE

Mammals




Salt Marsh Harvest Mouse
FE
SE
GOGA

Steller (Northern) Sea Lion
FT

GOGA, PORE

Guadalupe Fur Seal
FT
ST
PORE

Southern Sea Otter
FT

GOGA, PORE

Blue whale
FE

GOGA, PORE

Humpback Whale
FE

GOGA, PORE

California Gray Whale
FD

GOGA, PORE

Plants




San Mateo Thorn-mint
FE
SE
GOGA

Sonoma Alopecurus
FE

PORE

Presidio Manzanita
FE
SE
GOGA

Point Reyes Blennosperma
(FSC)
SR
PORE

Mason’s Ceanothus
(FSC)
SR
GOGA

Sonoma Spineflower
FE
SE
PORE

Fountain Thistle
FE
SE
GOGA

Presidio Clarkia
FE
SE
GOGA

San Mateo Woolly Sunflower
FE
SE
GOGA

Marin Dwarf Flax
FT
ST
GOGA

Beach Layia
FE
SE
PORE

San Francisco Lessingia
FE
SE
GOGA

Point Reyes Meadowfoam
(FSC)
SE
PORE

Tidestrom’s Lupine
FE
SE
PORE

Santa Cruz Island Bush Mallow
FE
SE
GOGA

White-Ray Pentachaeta
FE
SE
GOGA, PINN

San Francisco Popcorn-flower
(FSC)
SE
PORE






Federal and State Listing Status:


FE = Federally Endangered
SE = State Endangered
(FSC) = Federal Species of Concern– former  Category 2 candidates (no 

FT = Federally Threatened
ST = State Threatened
Longer an active, legal term)

FD = Federally De-listed
SR = State Rare
CSC = California Species of Special Concern (CDFG 2000)

Table 3.  Top priority invasive plant species known to occur within the SF Bay Area parks.

Common Name


Park

Iceplant


GOGA, PORE

Cape ivy


GOGA, PORE

Tree-of-heaven


JOMU, EUON

French broom


GOGA, PORE, PINN, JOMU, 

Pampas grass


GOGA, PORE, PINN

European beach grass


GOGA, PORE 

Yellow starthistle


PORE, JOMU, EUON, PINN

Giant reed


PORE, GOGA, JOMU 

Mediterranean linseed


GOGA

Italian thistle


GOGA, PORE, JOMU, EUON

Purple starthistle


JOMU

Cirsium vulgare


GOGA, PORE, JOMU, EUON

Poison hemlock


GOGA, PORE, JOMU, PINN

Cotoneaster


GOGA, PORE, JOMU

Harding grass


GOGA, PORE, JOMU, EUON, PINN

Artichoke thistle


GOGA, PORE, JOMU

Scotch broom


GOGA

Eucalyptus


GOGA, PORE

Oblong spurge


JOMU

Fennel


GOGA, PORE, JOMU

Perennial pepperweed


JOMU

Ox-eye daisy


GOGA, PORE

Penneyroyal


GOGA, PORE

Periwinkle


GOGA, PORE, JOMU

English ivy


GOGA, PORE

Napa thistle


PORE, PINN, JOMU

Spiny cocklebur


PORE, PINN, JOMU

Field mustard


GOGA, PORE, PINN, JOMU

Monterey cypress


GOGA, PORE

Monterey pine


GOGA, PORE

Gorse


PORE

Parrot’s feather


PORE

Horehound


PORE, PINN

Garden nasturtium


GOGA, PORE

Brass buttons


PORE, PINN

Prickly lettuce


PORE, PINN, JOMU

Black mustard


PORE, PINN, JOMU
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