APPENDIX E

Workshop Handouts

San Francisco Area Network of National Parks

Inventory and Monitoring Program

Dates:  March 19-20, 2003

Location:  Golden Gate Club, Presidio, San Francisco

Justification:

The National Park Service mission is to preserve and protect natural and cultural resources.  Specific management goals relevant to this mission include:

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

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

· Provide data to meet certain legal and Congressional mandates related to natural resource protection and visitor enjoyment. 

· Provide a means of measuring progress towards performance goals. 

An effective long-term ecosystem monitoring program will: 

· Enable managers to make better informed management decisions; 

· Provide early warning of abnormal conditions in time to develop effective mitigation measures; 

· Provide data to convince other agencies and individuals to make decisions benefiting parks; 

· Satisfy certain legal mandates; and 

· Provide reference data for comparison with more disturbed sites. 

Conceptual models:

A conceptual model is a comprehensive representation of key linkages and drivers of an ecosystem.  It is a pictorial and verbal way of expressing how physical, chemical and biological elements of a system interact and how they are linked.  The conceptual models presented here are largely designed to provide a road map for implementing a monitoring plan and will be modified in an interactive process, as the ecological linkages are better understood after several years of monitoring.

These models serve to:

· Conceptualize the function and structure of the resource realms and the ecosystems in a holistic manner, across multiple temporal and spatial scales.

· Identify major stressors and disturbance processes (both natural and anthropogenic).

· Identify resource attributes of concern and depict their inherent connectivity.

A conceptual model must take into account different scales of time and space, and many levels within a region including landscapes, communities and populations.  The selection of “vital signs” as measures of ecological condition can include many approaches such as biodiversity, energy flux, or population dynamics.  Measures of population dynamics include abundance, distribution, age structure, reproduction and recruitment, growth rates and mortality rates.  

The steps required to develop a conceptual model include:

· Define the boundaries of the study area (in this case the San Francisco Area Network of National Parks), 
· Identify dominant ecosystem types and forms,
· Identify the key ecosystem components and stressors or drivers, and

· Identify the priority elements to monitor.
Models:

Figure 1.  Generalized schematic of the biome within which the parks occur.
Figure 2.  Generalized model depicting the relationships of the primary natural ecosystem processes and drivers, anthropogenic stressors and socio-political forces, and their effects on the resource realms of the three dominant ecosystems of the parks.

Figures 3a-b.  Conceptual model of the spatial scales within which the monitoring might occur.

Figures 4a-c.  Ecosystem conceptual model for each of the dominant ecosystems of the parks.  Includes more specific information on 1) the natural resource drivers and anthropogenic stressors, 2) the effects on the ecosystem, and 3) general indicators within each resource realm. 

Figure 5.  An example of an indicator model that will be developed in the final Monitoring Plan.

Definitions:

Resource realms: Four major resource realms— biosphere, hydrosphere, atmosphere, and lithosphere—were used to conceptualize broad categories of interrelated ecosystem processes and components.  

Ecosystems:  Three main ecosystems were identified for the network of parks; terrestrial, wetland and marine.  Within each ecosystem are sub-categories or forms.  Marine forms includes ocean, sandy beach, rocky intertidal, bay/estuary; wetland forms includes running water, standing water and ground water; and terrestrial forms includes grassland, shrubland, woodland and distinct landforms (e.g., serpentine).
Natural ecosystem processes and drivers:   Drivers are major external driving forces such as climate, fire cycles, biological invasions, hydrologic cycles and natural disturbance events (e.g., earthquakes, droughts and floods) that have large scale influences.  Process examples include succession, deposition/accretion of soils, and marine currents.  

Anthropogenic stressors:  Physical, chemical or biological perturbations to a system that are either a) foreign to that system or b) natural to the system but applied at an excessive (or deficient) level.  Stressors cause significant changes in the ecological components, patterns and processes in natural systems.  Examples include resource extraction, air quality degradation, land use changes, water quality degradation, water quantity alteration, human population increase or behavioral change, invasive species introductions, and fire regime alteration.

Socio-political forces:  Laws, mandates, economic pressures and environmental perception influence political decisions bear upon anthropogenic stressors, and thereby, have a cascading effect on ecosystem function.  These can include environmental laws (ESA, CWA, etc.), budgets, and changing social values.

Ecological effects:  Are the physical, chemical and biological responses to drivers and stressors.

Indicators:  Also called “vital signs” or attributes, are any measurable feature of the environment that provides insights into changes in the state of the ecosystem.  Indicators are intended to track changes in a subset of park resources and processes that are determined to be the most significant indicators of ecological condition of those specific resources that are of greatest concern to the parks.  Indicators may occur at any level of organization including landscape, community, population or genetic levels, and may be compositional (referring to the variety of elements in the system), structural (referring to the organization or pattern of the system), or functional (referring to ecological processes).  
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Management issues and corresponding monitoring questions for each ecosystem type.
	
	Monitoring Question

	Management Issue
	Marine Ecosystem
	Wetland Ecosystem
	Terrestrial Ecosystem

	Air Quality Degradation
	How are airborne contaminants affecting plants and wildlife?  Is acid deposition affecting marine species?  Are high levels of ozone impacting the park’s biological and geophysical resources?  How is air quality affecting visibility?
	How are airborne contaminants affecting plants and wildlife?  Are high levels of ozone impacting the park’s biological and geophysical resources?  Is acid deposition affecting aquatic species?  How is air quality affecting visibility?
	How are airborne contaminants affecting plants and wildlife?  Are high levels of ozone impacting the park’s biological and geophysical resources?  How is air quality affecting visibility?  How is ranching affecting air quality?  How is farming affecting air quality? How is transportation affecting air quality?

	Altered Disturbance Regimes
	What are the current coastal erosion/ accretion patterns?  How are they changing? How are they affecting availability of habitat and seabed morphology?
	Are erosion/deposition rates being altered?  How are they affecting wetland ecosystems?  How are flood regimes changing?  How are changes in the flood regime affecting wetland/ aquatic species?  What are the affects of fire on wetland/ aquatic ecosystems?
	How are changing weather patterns affecting disturbance regimes?  What is the fire history of the park?  Are fuels building up enough to pose a serious fire threat to resources?  How does fire affect nutrient flow through the park?  How are erosion and deposition affecting dune ecosystems?  What are the effects of anthropogenic erosion on terrestrial ecosystems?

	Climate Change
	Are changing weather and climate patterns affecting species composition, community structure and ecosystem function?  How are climate changes affecting coastal processes?  Is upwelling intensity declining?
	Are changing weather and climate patterns affecting species composition, community structure and ecosystem function?  How is climate change affecting disturbance regimes?
	What microclimates are associated with the different terrestrial ecosystems?  What are the patterns of change?  Is global warming affecting community structure and function?

	Disease
	What are the trends in diseases of concern in the park?  What are the impacts on afflicted species?  How are other management issues affecting disease prevalence and transmission?
	What are the trends in diseases of concern in the park?  What are the impacts on afflicted species?  How are other management issues affecting disease prevalence and transmission?
	What are the trends in diseases of concern in the park (Hanta virus, Lyme disease, sudden oak death)?  What are the impacts on afflicted species?  How are other management issues affecting disease prevalence and transmission?

	Engineered Structures
	How are dams and other water control structures affecting marine habitat and related biotic resources?  How are docks, marinas and other shoreline structures affecting coastal processes and biotic resources?
	How are dams and other water control structures affecting wetland habitat and related biotic resources?
	

	External Development / Human Demographic Change
	How are development and demographics changing outside the park?  How are these changes affecting park resources?  How are noise and light affecting marine biota?  How is external development exacerbating other management issues?
	How are development and demographics changing outside the park?  How are these changes affecting park resources?  How are noise and light affecting wetland biota?  How is external development exacerbating other management issues?
	How are development and demographics changing outside the park?  How are these changes affecting park resources? What are the baselines for dark night sky and noise levels?  How are noise and light affecting wildlife?  How is external development exacerbating other management issues?

	Habitat Fragmentation / Alteration
	How is coastal development altering breeding and resting sites?  Is it fragmenting other marine habitat?  Is it altering species distribution and abundance?
	Which external activities are altering wetland habitat most significantly?  Which internal operations are altering habitat most significantly?  Are species becoming genetically isolated?  Is it altering species distribution and abundance?
	What are the needs of the park fauna for migratory corridors?  Which external activities are altering terrestrial habitat most significantly?  Which internal operations are altering habitat most significantly?  Are species becoming genetically isolated?  

	Land / Resource Use
	How is adjacent land use changing?  How is land use change affecting marine ecosystems?  What are the repercussions of past uses of marine resources on current resources?  What are the effects of aquaculture on marine ecosystems?  Are there any effects of current commercial and sport fisheries on park natural resources?
	How is adjacent land use changing?  Is ranching affecting aquatic ecosystems?  What are the repercussions of past land uses on aquatic systems?
	How is adjacent land use changing?  What is the grazing history?  How is grazing affecting water quality, biotic communities, and soil qualities?  What are the repercussions of past land uses on terrestrial systems?  What are the effects of ranching on surrounding ecosystems?  What are the effects of farming on surrounding ecosystems? Are certain land uses more closely linked to non-native species invasions?

	Native Species of Special Interest
	What are the major native vegetation types, their distribution, and condition?  What are the historical vegetation patterns?  What faunal species are considered native and endemic?  What are the status and trends associated with specific species?  What are the trends in key predators in the system?  What is the level of natural variation in select faunal species?
	What are the major native vegetation types, their distribution, and condition?  What are the historical vegetation patterns?  What faunal species are considered native and endemic?  What are the status and trends associated with specific species?  What are the trends in key predators in the system?  What is the level of natural variation in select faunal species?
	What are the major vegetation types, their distribution, and condition?  What are the historical vegetation patterns?  What faunal species are considered native and endemic?  How is browse activity affecting plant populations?  What key pollinators are important for native plant populations?  What are the status and trends associated with specific species?  What are the trends in key predators in the system? What is the level of natural variation in select faunal species? 

	Non-native Species Invasions
	What are the effects of non-native species on hydrography?  How are non-native species affecting native populations, community structure, and ecosystem functions?  How do non-native species affect the physical environment? Are non-native species altering food webs?  Are non-native species sources for disease in native populations?
	Are non-native plants spreading to new areas of the park? Are new non-native species approaching?  How are non-native species affecting native populations, community structure, and ecosystem functions?  How do non-native species affect the physical environment? How do they affect water quality?  How do they affect air quality? Are non-native species affecting nutrient cycles?  How are non-native species affecting disturbance regimes?
	Are non-native plants spreading to new areas of the park? Are new non-native species approaching?  How are non-native species affecting native populations, community structure, and ecosystem functions?  How do non-native species affect the physical environment? How do they affect water quality? How do they affect air quality? Are non-native species affecting nutrient cycles?  How are non-native species affecting disturbance regimes?

	Nutrient Enrichment
	What are the sources of nutrient enrichment?  What are the nutrient limiting factors on the ecosystem?  What are the effects of nutrient enrichment on plant communities?  How does nutrient enrichment affect invasion patterns?  Are nutrient levels excessive?  
	What are the sources of nutrient enrichment?  What are the nutrient limiting factors on the ecosystem?  What are the effects of nutrient enrichment on plant communities?  How does nutrient enrichment affect invasion patterns?  Are nutrient levels excessive?
	How are ranching and farming contributing to nutrient enrichment?  What are the nutrient limiting factors on the ecosystem?  How do added nutrients affect terrestrial plant communities?

	Park Development/ Operations
	How are park development activities and operations affecting marine biota?  How are park activities affecting geophysical processes?
	How are park structures and development activities affecting plant composition and wildlife behavior?  How are park activities affecting geophysical processes?
	How are park structures and development activities affecting plant composition and wildlife behavior?  How are park activities affecting geophysical processes?

	Park Management
	What practices are in place to manage water quality?  What practices are in place to manage air quality?  
	What practices are in place to manage water quality?  What practices are in place to manage air quality?  What natural resources need manipulation significant to cultural landscapes?  How are restoration activities affecting park resources?
	What natural resources need manipulation significant to cultural landscapes?  How are restoration activities affecting park resources?

	Fire Management
	How does fire management affect air quality, water quality and nutrient loading?
	What are the park’s fire management practices?  How are these practices affecting biotic and abiotic resources within the park?  How does fire management affect air quality, water quality and nutrient loading?  
	What are the park’s fire management practices?  How are these practices affecting biotic and abiotic resources within the park?  

	Recreational Use
	How is recreation affecting marine habitat quality and quantity?  How does human trampling affect fragile marine ecosystem components (biotic and abiotic)?  How do recreational uses affect sensitive species and water quality?
	Are recreational activities altering or fragmenting wetland/ aquatic habitats?  Are recreational uses affecting water quality in wetland/ aquatic ecosystems?  What are the effects of off-trail or social trail activities?  
	Is trail use (horse, bike) impacting natural resources? Are rock climbing activities impacting natural resources (esp. rare species)?  Is trail use impacting soil properties and increasing erosion rates?  What are the effects of off-trail or social trail activities?  What are the trail carrying capacities?  How are noise and light from recreational use affecting wildlife?

	Resource Extraction
	How are commercial and recreational fisheries affecting marine resources?  How are dredging, dredge disposal, and sand mining affecting marine ecosystems?  
	How are fisheries affecting wetland/ aquatic resources?  What are the impacts of illegal plant and animal harvest on wetland ecosystems?
	What are the impacts of illegal and legal plant and animal harvest on terrestrial ecosystems?

	Species at Risk (Rare, Threatened, Endangered, Other)
	How are populations and meta-populations of species at risk changing in the park?  Is current monitoring adequate and are data being managed to detect changes in species at risk?  What are the key threats to species at risk?
	How are populations and meta-populations of species at risk changing in the park?  Is current monitoring adequate and are data being managed to detect trends?
	How are populations and meta-populations of species at risk changing in the park?  Is current monitoring adequate and are data being managed to detect trends?

	Water Quality Degradation
	How are oil spills and other pollutants affecting marine ecosystems?  How is water quality affecting food webs, species populations, and community structure?  How is water quality affecting recreational use?
	What is the water quality entering the park?  Is water quality impaired per designated use standard?  What are the sources of contaminants?  How is water quality degradation affecting biotic communities (macroinvertebrates, other fauna and flora)? What are sedimentation rates for park water bodies?
	How are ranching and farming affecting water quality?  What other terrestrial activities are affecting water quality, in and outside the park?

	Water Quantity Alteration
	Are sea levels changing? How are these changes in sea level affecting coastal erosion rates/ mass wasting?
	Are changes in flow regime affecting erosion rates/ mass wasting?  How is water withdrawal affecting community composition and ecosystem processes? How is water diversion affecting biotic and abiotic resources?
	How is water diversion affecting biotic and abiotic resources?


	RESOURCE  REALM
	INDICATOR

CATEGORY

     Indicator
	DRIVERS
	
	STRESSORS
	PARKS

	
	
	Climate/ Weather
	Coastal Processes
	Geologic Processes 
	Hydrology/ Flooding
	Natural Disturbance
	Nutrient Cycles
	Succession
	
	Air Quality Degradation
	Altered Disturbance Regimes
	Climate Change
	Disease
	Engineered  Structures
	Ext. Development / Demographics
	Fire Management
	Habitat Alteration
	Land  Use Change
	Non-native Species Invasions
	Nutrient Enrichment
	Park Development / Operations
	Park Management
	Recreational Use
	Resource Extraction
	Water Quality Degradation
	Water Quantity Alteration
	

	ATMOSPHERE
	AIR QUALITY
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Chemistry - contaminants (persistent organic pollutants (POPs), mercury, lead, zinc, cadmium)
	x
	
	
	
	
	x
	x
	
	x
	
	
	
	
	x
	
	
	x
	
	x
	x
	
	x
	
	
	
	all

	
	Chemistry - nitrogen/ sulfur deposition
	x
	
	
	
	
	x
	
	
	x
	
	
	
	
	x
	x
	x
	x
	
	
	x
	
	x
	
	
	
	1,3,4,6,7

	
	Chemistry - ozone
	x
	
	
	
	
	x
	
	
	x
	
	x
	
	
	x
	
	
	x
	
	
	x
	
	x
	
	
	
	1,3,4,6,7

	
	Chemistry - carbon dioxide, methane
	x
	
	
	
	
	x
	
	
	x
	x
	x
	
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	
	
	
	3,4,5,6,7

	
	Physics - fine particles (human health, visibility concerns)
	x
	
	
	
	
	x
	
	
	x
	
	x
	
	
	x
	x
	
	x
	
	
	x
	x
	x
	
	
	
	1,2,3,4,6,7

	
	LIGHT and SOUND
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Dark night sky/ light pollution
	x
	
	
	
	
	x
	
	
	
	
	
	
	
	x
	
	x
	x
	
	
	x
	
	x
	x
	
	
	3,5,6,7

	
	Natural sound levels
	
	
	
	
	
	x
	
	
	
	
	
	
	
	x
	
	x
	x
	
	
	x
	x
	x
	x
	
	
	3,4,5,6,7

	
	WEATHER and CLIMATE
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Weather/ climate change
	x
	x
	x
	x
	x
	x
	x
	
	
	
	x
	
	
	x
	x
	
	x
	
	
	
	
	
	
	
	x
	all


Relationship between indicators and drivers and stressors in ecosystems of the SFAN.  Park codes are 1=EUON, 2=FOPO, 3=GOGA, 4=JOMU, 5=MUWO, 6=PINN, and 7=PORE.

	RESOURCE  REALM
	INDICATOR

CATEGORY

     Indicator
	DRIVERS
	
	STRESSORS
	PARKS

	
	
	Climate/ Weather
	Coastal Processes
	Geologic Processes 
	Hydrology/ Flooding
	Natural Disturbance
	Nutrient Cycles
	Succession
	
	Air Quality Degradation
	Altered Disturbance Regimes
	Climate Change
	Disease
	Engineered  Structures
	Ext. Development / Demographics
	Fire Management
	Habitat Alteration
	Land  Use Change
	Non-native Species Invasions
	Nutrient Enrichment
	Park Development / Operations
	Park Management
	Recreational Use
	Resource Extraction
	Water Quality Degradation
	Water Quantity Alteration
	

	LITHOSPHERE
	SOIL BIOTA and QUALITY
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Soil chemistry and contaminants
	
	x
	x
	
	
	x
	
	
	x
	x
	x
	
	
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	
	3,5,6,7

	
	Soil structure and texture
	
	x
	x
	
	
	x
	
	
	
	x
	
	
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	3,5,6,7

	
	Soil erosion and deposition
	x
	x
	x
	x
	x
	x
	x
	
	
	x
	x
	
	x
	x
	
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	1,3,4,5,6,7

	
	DISTURBANCE EVENTS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Shoreline shifts
	x
	x
	x
	x
	x
	
	
	
	
	x
	x
	
	x
	x
	
	x
	x
	
	
	x
	
	x
	x
	
	
	2,3,7

	
	Earthquakes
	
	x
	x
	x
	x
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2,3,4,5,6,7

	
	Mass wasting
	x
	x
	x
	x
	x
	
	
	
	
	x
	x
	
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	
	x
	3,4,5,6,7

	
	HABITAT PATTERNS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Physical habitat changes (terrestrial, stream substrate change, channel and drainage morphology, seabed change)
	x
	x
	x
	x
	
	
	
	
	
	x
	
	
	x
	x
	
	x
	x
	x
	
	x
	x
	x
	x
	
	x
	all


	RESOURCE  REALM
	INDICATOR

CATEGORY

     Indicator
	DRIVERS
	
	STRESSORS
	PARKS

	
	
	Climate/ Weather
	Coastal Processes
	Geologic Processes 
	Hydrology/ Flooding
	Natural Disturbance
	Nutrient Cycles
	Succession
	
	Air Quality Degradation
	Altered Disturbance Regimes
	Climate Change
	Disease
	Engineered  Structures
	Ext. Development / Demographics
	Fire Management
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	Non-native Species Invasions
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	Resource Extraction
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	Water Quantity Alteration
	

	HYDROSPHERE
	WATER QUALITY
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Chemistry--core elements (temp., pH specific cond.,  DO)
	x
	x
	
	
	
	x
	
	
	x
	x
	x
	
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	all

	
	Clarity (turbidity and siltation)
	x
	x
	
	x
	
	
	
	
	
	x
	
	
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	3,5,6,7

	
	Contaminants (nutrients, organic/ inorganic, metals)
	
	
	
	x
	
	x
	
	
	x
	x
	x
	
	x
	x
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	x
	
	x
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	x
	x
	x
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	Groundwater quality
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	x
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	1,3,5,6,7

	
	Pathogenic bacteria
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	x
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	x
	x
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	x
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	WATER QUANTITY
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Surface water dynamics (flow, discharge, use)
	
	
	
	x
	 
	x
	
	
	
	x
	x
	
	x
	x
	x
	x
	x
	
	
	x
	x
	
	x
	
	x
	all

	
	Groundwater dynamics (water tables, recharge, drawdown, use)
	x
	
	x
	x
	
	x
	
	
	
	x
	x
	
	x
	x
	x
	x
	x
	
	
	x
	x
	
	x
	
	x
	3,6,7

	
	OCEANOGRAPHY
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Physical parameters (sea level change, current patterns, upwelling intensity)
	x
	x
	
	
	x
	x
	
	
	
	x
	x
	
	x
	x
	
	
	x
	
	
	
	
	
	x
	
	
	2,3,5,7

	
	DISTURBANCE EVENTS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Flooding
	x
	x
	x
	x
	x
	x
	x
	
	
	x
	x
	
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	
	x
	2,3,4,6,7

	
	Waves
	x
	x
	
	x
	
	
	
	
	
	x
	x
	
	x
	x
	
	x
	x
	x
	
	x
	
	
	x
	
	
	2,3,7

	
	Drought
	x
	x
	
	x
	x
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	x
	x
	
	x
	x
	x
	
	
	
	
	
	
	
	
	
	x
	all


	RESOURCE  REALM
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	BIOSPHERE
	FAUNAL CHARACTERISTICS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Species richness and diversity – selected groups
	x
	x
	
	x
	
	
	
	
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	all

	
	Native species of special interest (presence, population size, trends)
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	x
	
	
	
	
	x
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	x
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	x
	x
	x
	x
	x
	x
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	all

	
	Species at risk (presence, trends, population size, genetic diversity)
	x
	x
	
	x
	
	
	
	
	x
	x
	x
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	x
	x
	x
	x
	x
	x
	x
	x
	3,5,6,7

	
	Exotic species/ disease (#, area covered, rate of spread of selected species)
	x
	x
	x
	x
	
	
	
	
	
	x
	x
	x
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	all

	
	INTERSPECIFIC INTERACTIONS 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Selected species interactions (herbivory, predation, competition)
	x
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	x
	
	
	x
	
	x
	x
	x
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	x
	x
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	x
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	1,3,4,5,6,7
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	BIOSPHERE
	VEGETATIVE CHARACTERISTICS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Species richness and diversity – selected groups
	x
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
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	x
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	Exotic species/ disease (#, area covered, rate of spread of selected species)
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	x
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	x
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	all


	RESOURCE  REALM
	INDICATOR

CATEGORY

     Indicator
	DRIVERS
	
	STRESSORS
	PARKS

	
	
	Climate/ Weather
	Coastal Processes
	Geologic Processes 
	Hydrology/ Flooding
	Natural Disturbance
	Nutrient Cycles
	Succession
	
	Air Quality Degradation
	Altered Disturbance Regimes
	Climate Change
	Disease
	Engineered  Structures
	Ext. Development / Demographics
	Fire Management
	Habitat Alteration
	Land  Use Change
	Non-native Species Invasions
	Nutrient Enrichment
	Park Development / Operations
	Park Management
	Recreational Use
	Resource Extraction
	Water Quality Degradation
	Water Quantity Alteration
	

	ABIOTIC / BIOTIC INTERFACE
	HABITAT PATTERNS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Community assemblages (area/ distribution)
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CRITERIA FOR PRIORITIZING INDICATORS

Primary criteria for prioritizing indicators (after Tegler et al. 2001).  The prioritization scheme defines the rationale behind assigning a given value (1 through 5) to an indicator for each of the three primary criteria.

	Primary Criteria
	Explanation of Criteria
	Prioritization Scheme

	Management Significance
	· supports management decision making 

· influences external decisions relevant to Park Management 

· satisfies legal mandates
	1. direct application of the data to all three management stipulations
2. direct application of the data two of the three management stipulations
3. satisfies one of the three management stipulations
4. indirect or supportive application of the data to a management decision or legal mandate
5. data have limited value to making an informed decision about the resource

	Ecological Significance
	· addresses one or more environmental stressors or drivers 

· data may be related to an ecosystem moving out of its normal range of resilience that may lead to degradation 

· monitoring variable is sensitive and can provide an early warning

· scientifically valid and accepted
·  integrates ecosystem stresses over space and time 
	1. indicator satisfies all five ecological significance stipulations for more than one stressor or driver
2. indicator satisfies all five ecological significance stipulations for one driver or stressor
3. indicator satisfies four of the five ecological significance stipulations, but methods may be untested or developing
4. indicator satisfies three of the five ecological significance stipulations, but methods may be undeveloped and the sensitivity is unreliable
5. limited use as an indicator 

	Cost Effectiveness
	· sampling cost-effective, e.g. a relatively simple sampling method applied frequently or a more complex method applied infrequently 

· sampling can be carried out by anyone with appropriate training and/or using a detailed guide


	1. sampling and analysis techniques for the indicator are simple to perform, do not require specialized skills and are affordable 

2. sampling and analysis techniques for the indicator are simple to perform and are affordable but require specialized skills

3. sampling and analysis techniques for the indicator are moderately complex and costs are marginal 
4. sampling and analysis techniques for the indicator are complex or expensive 
5. sampling and analysis techniques for the indicator are complex and very expensive 


List of specific indicators.  Park codes are 1=EUON, 2=FOPO, 3=GOGA, 4=JOMU, 5=MUWO, 6=PINN, and 7=PORE.  Letters signify the application of a given indicator to the ecosystem types: M=marine, T=terrestrial, and W=wetland.
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REALM
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CATEGORY

     Indicator
	

	
	
	Specific Indicators
	Parks
	Ecosystems

	ATMOSPHERE
	AIR QUALITY
	
	
	

	
	Chemistry - contaminants (persistent organic pollutants (POPs), mercury, lead, zinc, cadmium)
	
	All
	MTW

	
	Chemistry - nitrogen/ sulfur deposition
	
	1,3,4,6,7
	TW

	
	Chemistry - ozone
	
	1,3,4,6,7
	T

	
	Chemistry - carbon dioxide, methane
	
	3,4,5,6,7
	MTW

	
	Physics - fine particles (human health, visibility concerns)
	
	1,2,3,4,6,7
	MT

	
	LIGHT and SOUND
	
	
	

	
	Dark night sky/ light pollution
	
	3,5,6,7
	MT

	
	Natural sound levels
	
	3,4,5,6,7
	MTW

	
	WEATHER and CLIMATE
	
	
	

	
	Weather/ climate change
	
	All
	MTW

	
	
	Microclimate
	1,3,7
	T

	LITHOSPHERE
	SOIL BIOTA and QUALITY
	
	
	

	
	Soil chemistry and contaminants
	
	3,5,6,7
	MTW

	
	
	Nutrients
	3,7
	TW

	
	
	Contaminants
	3,7
	W

	
	
	Hydrophobicity
	3,6,7
	W

	
	Soil structure and texture
	
	3,5,6,7
	MTW

	
	
	Compaction
	3,6,7
	T

	
	
	Biotic crust
	6
	T

	
	
	Depth of top soil
	3,7
	TW

	
	
	Texture
	All
	TW

	
	Soil erosion and deposition
	
	1,3,4,5,6,7
	MTW

	
	DISTURBANCE EVENTS
	
	
	

	
	Shoreline shifts
	
	2,3,7
	MW

	
	Earthquakes
	
	2,3,4,5,6,7
	MTW

	
	Mass wasting
	
	3,4,5,6,7
	MTW

	
	HABITAT PATTERNS
	
	
	

	
	Physical habitat changes (terrestrial, stream substrate change, channel and drainage morphology, seabed change)
	
	All
	MTW

	
	
	Habitat type
	3,7
	M

	
	
	Habitat type/ distribution
	1,3,4,6,7
	T

	
	
	Stream habitat surveys
	3,7
	W


	HYDROSPHERE
	WATER QUALITY
	
	
	

	
	Chemistry--core elements (temperature, specific conductance, pH, DO)
	
	All
	MTW

	
	Clarity (turbidity and siltation)
	
	3,5,6,7
	MTW

	
	Contaminants (nutrients, organic/ inorganic contaminants, metals)
	
	1,3,4,5,6,7,
	MTW

	
	Groundwater quality
	
	1,3,5,6,7
	TW

	
	Pathogenic bacteria
	
	3,6,7
	MW

	
	
	Coliform bacteria
	3,7
	MW

	
	WATER QUANTITY
	
	
	

	
	Surface water dynamics (flow, discharge, use)
	
	All
	TW

	
	Groundwater dynamics (water tables, recharge, drawdown, use)
	
	3,6,7
	TW

	
	OCEANOGRAPHY
	
	
	

	
	Physical parameters (sea level change, current patterns, upwelling intensity)
	
	2,3,5,7
	MW

	
	
	Upwelling intensity
	2,3,5,7
	MW

	
	
	Sea level change
	2,3,5,7
	MW

	
	
	Water temperature
	2,3,5,7
	MW

	
	
	Change in current patterns
	2,3,5,7
	MW

	
	DISTURBANCE EVENTS
	
	
	

	
	Flooding
	
	2,3,4,6,7
	MTW

	
	Waves
	
	2,3,7
	M

	BIOSPHERE
	FAUNAL CHARACTERISTICS
	
	
	

	
	Species richness and diversity – selected groups
	
	All
	MTW

	
	
	Rockfish
	3,7
	M

	
	
	Shellfish
	3,7
	M

	
	
	Shorebird guilds
	3,7
	M

	
	
	Waterbird guilds
	3,7
	M

	
	
	Seabirds
	3,7
	M

	
	
	Cetaceans
	3,7
	M

	
	
	Pinnipeds
	3,7
	MW

	
	
	Terrestrial invertebrates
	1,4
	T

	
	
	Bees
	4
	T

	
	
	Soil invertebrates
	3,7
	T

	
	
	Butterfly/ pollinator guild
	3,6,7
	T

	
	
	Top-level predators
	1,4
	T

	
	
	Raptors
	1,3,4,6
	T

	
	
	Songbird guilds
	1,3,4,7
	T

	
	
	Owls
	4
	T

	
	
	Lizard guild
	All
	T

	
	
	Small mammal guild
	All
	T

	
	
	Edge of range species
	6
	T

	
	
	Bats
	3,4,5,7
	T

	
	
	Riparian songbird guild
	3,7
	W

	
	
	Benthic macroinvertebrates
	3,7
	W

	
	
	Amphibians
	1,3,4,5,6,7
	W

	
	Native species of special interest (presence, population size, trends)
	
	All
	MTW

	
	
	Herring
	3,7
	M

	
	
	Krill
	3,7
	M

	
	
	Starfish (Pisaster)
	3,7
	M

	
	
	Ghost crab (Emerita)
	3,7
	M

	
	
	Blue-grey gnatcatcher
	6
	T

	
	
	Botta pocket gopher
	1,4
	T

	
	
	California ground squirrel
	1,4
	T

	
	
	California thrasher
	6
	T

	
	
	Sage sparrow
	6,7
	T

	
	
	Spotted towhee
	6,7
	T

	
	
	Wrentit
	6,7
	T

	
	
	Badger
	3,7
	T

	
	
	Coyote
	3,4,7
	T

	
	
	Mountain lion
	3,4,7
	T

	
	
	Bobcat
	3,4,7
	T

	
	
	Grey fox
	3,4,7
	T

	
	
	Black tail deer
	3,4,5,7
	T

	
	
	Corvid birds
	3,5,7
	T,W

	
	Species at risk (presence, trends, population size, genetic diversity)
	
	3,5,6,7
	TW

	
	
	Tidewater goby
	3,7
	M

	
	
	California freshwater shrimp
	3,7
	M

	
	
	California floater (mussel)
	3
	M

	
	
	Tomales asellid
	3,7
	M

	
	
	Pacific sturgeon
	3,7
	M

	
	
	Tomales roach
	3,7
	M

	
	
	Pacific lamprey
	3,7
	M

	
	
	Sacramento perch
	7
	M

	
	
	Unarmored threespine stickleback
	7
	M

	
	
	Loggerhead sea turtle
	3,7
	M

	
	
	Green sea turtle
	3,7
	M

	
	
	Leatherback sea turtle
	3,7
	M

	
	
	California brown pelican
	3,7
	M

	
	
	Marbled murrelet
	3,7
	M

	
	
	Short-tailed albatross
	7
	M

	
	
	Saltmarsh common yellowthroat
	3,7
	M

	
	
	Sei whale
	7
	M

	
	
	Finback whale
	7
	M

	
	
	Ashy storm-petrel
	7
	M

	
	
	Western snowy plover
	3,7
	M

	
	
	Black oystercatcher
	3,7
	M

	
	
	Western gull
	3,7
	M

	
	
	Steller (northern) sea lion
	3,7
	M

	
	
	Guadalupe fur seal
	7
	M

	
	
	Northern fur seal
	7
	M

	
	
	California sea lion
	3,7
	M

	
	
	Southern sea otter
	3,7
	M

	
	
	Elephant seal
	7
	M

	
	
	Blue whale
	3,7
	M

	
	
	Humpback whale
	3,7
	M

	
	
	California gray whale
	3,7
	M

	
	
	Bald eagle
	3,7
	MTW

	
	
	Aleutian Canada goose
	7
	MTW

	
	
	Tule white-fronted goose
	7
	MTW

	
	
	Wood stork
	7
	MTW

	
	
	Osprey
	3,7
	MTW

	
	
	Salt marsh harvest mouse
	3
	MT

	
	
	Point Reyes jumping mouse
	3,7
	MT

	
	
	Long-billed curlew
	3,7
	MW

	
	
	California black rail
	3,7
	MW

	
	
	California clapper rail
	3,7
	MW

	
	
	Coho salmon
	3,5,7
	MW

	
	
	Chinook salmon
	3
	MW

	
	
	Steelhead trout
	3,5,7
	MW

	
	
	California least tern
	3,7
	MW

	
	
	Harlequin duck
	3,7
	MW

	
	
	Elegant tern
	3,7
	MW

	
	
	Great egret
	3,7
	MW

	
	
	American bittern
	3,7
	MW

	
	
	White-tailed kite
	3,7
	MW

	
	
	Brandt’s cormorant
	3,7
	MW

	
	
	Harbor seal
	3,7
	MW

	
	
	Bumblebee scarab beetle
	3,7
	T

	
	
	Sandy beach tiger beetle
	3,7
	T

	
	
	San Francisco forktail damselfly
	7
	T

	
	
	Swainson’s hawk
	3,7
	T

	
	
	Opler’s longhorn moth
	3
	T

	
	
	San Francisco lacewing
	7
	T

	
	
	Point Reyes blue butterfly
	7
	T

	
	
	Marin elfin butterfly
	3,7
	T

	
	
	Globose dune beetle
	3,7
	T

	
	
	American peregrine falcon
	3,6,7
	T

	
	
	California condor
	6
	T

	
	
	Ferruginous hawk
	3,7
	T

	
	
	Mission blue butterfly
	3
	T

	
	
	San Bruno elfin butterfly
	3,7
	T

	
	
	Bay checkerspot butterfly
	3,7
	T

	
	
	Myrtle’s silverspot
	7
	T

	
	
	Sthenele satyr
	3
	T

	
	
	Mydas fly
	3
	T

	
	
	San Francisco garter snake
	3
	T

	
	
	Alameda striped racer
	7
	T

	
	
	Mountain plover
	7
	T

	
	
	Northern spotted owl
	3,5,7
	T

	
	
	Western burrowing owl
	3,7
	T

	
	
	Willow flycatcher
	3,7
	T

	
	
	Loggerhead shrike
	3,7
	T

	
	
	Bell’s sage sparrow
	3,7
	T

	
	
	Cooper’s hawk
	3,7
	T

	
	
	Sharp-shinned hawk
	3,7
	T

	
	
	Golden eagle
	3,7
	T

	
	
	Northern harrier
	3,7
	T

	
	
	Merlin
	3,7
	T

	
	
	Vaux’s swift
	3
	T

	
	
	California horned lark
	3,7
	T

	
	
	Purple martin
	3,7
	T

	
	
	Yellow warbler
	3,7
	T

	
	
	California quail
	3,7
	T

	
	
	Band-tailed pigeon
	3,7
	T

	
	
	Rufous hummingbird
	3,7
	T

	
	
	Allen’s hummingbird
	3,7
	T

	
	
	Nuttall’s woodpecker
	3,7
	T

	
	
	Olive-sided flycatcher
	3,7
	T

	
	
	Pacific-slope flycatcher
	3,7
	T

	
	
	Warbling vireo
	3,7
	T

	
	
	Chestnut-backed chickadee
	3,7
	T

	
	
	Swainson’s thrush
	3,7
	T

	
	
	California thrasher
	3,7
	T

	
	
	Black-throated gray warbler
	3,7
	T

	
	
	Hermit warbler
	3,7
	T

	
	
	MacGillivray’s warbler
	3,7
	T

	
	
	Lark sparrow
	3,7
	T

	
	
	Song sparrow
	3,7
	T

	
	
	Black-headed grosbeak
	3,7
	T

	
	
	Western screech owl
	3,7
	T

	
	
	Wrentit
	3,7
	T

	
	
	Tule elk
	7
	T

	
	
	San Francisco dusky-footed woodrat
	3
	T

	
	
	Greater western mastiff-bat
	3,7
	T

	
	
	Pallid bat
	3
	T

	
	
	Long-eared bat
	3,7
	T

	
	
	Fringed myotis
	3,7
	T

	
	
	Long-legged bat
	3,7
	T

	
	
	Yuma myotis
	3,7
	T

	
	
	Pacific western big-eared bat
	3,7
	T

	
	
	Point Reyes mountain beaver
	7
	TW

	
	
	Tricolored blackbird
	3,7
	TW

	
	
	Bank swallow
	3,7
	TW

	
	
	Greater sandhill crane
	3,7
	TW

	
	
	California red-legged frog
	3,5,6,7
	TW

	
	
	Foothill red-legged frog
	3
	TW

	
	
	Northern red-legged frog
	3
	TW

	
	
	California tiger salamander
	7
	W

	
	
	Northwestern pond turtle
	3,7
	W

	
	
	Southwestern pond turtle
	3
	W

	
	
	California horned lizard
	3
	W

	
	
	Ricksecker’s water scavenger beetle
	3
	W

	
	Exotic species/ disease (#, area covered, rate of spread of selected species)
	
	All
	MTW

	
	
	Zebra mussels
	3,7
	M

	
	
	Green crab
	3,7
	M

	
	
	Wuthering foot syndrome (abalone)
	3,7
	M

	
	
	Asian clams
	3,7
	M

	
	
	Domestic/feral cats
	1,4
	T

	
	
	Lyme disease
	4
	T

	
	
	Chronic Wasting Disease
	3,7
	T

	
	
	Earthworms
	6
	T

	
	
	European starling
	1,4
	T

	
	
	Feral pigs
	6
	T

	
	
	Brown headed cowbird
	3,7
	T

	
	
	Red fox
	3,4,7
	T

	
	
	Fallow & axis deer
	3,7
	T

	
	
	West Nile Virus
	All
	TW

	
	INTERSPECIFIC INTERACTIONS 
	
	
	

	
	Selected species’ interactions (herbivory, predation, competition)
	
	1,3,4,5,6,7
	MTW

	
	
	Deer browse
	1,4
	T

	
	VEGETATIVE CHARACTERISTICS
	
	
	

	
	Species richness and diversity – selected groups
	
	All
	MTW

	
	
	Vascular dune plants
	3,7
	M

	
	
	Phytoplankton
	3,7
	MW

	
	
	Chaparral vascular plants
	3,7
	T

	
	
	Coastal scrub vascular plants
	3,7
	T

	
	
	Lichens
	1,3,4,6,7
	T

	
	
	Oaks
	1,3,4,7
	T

	
	
	Serpentine grassland plants
	3,7
	T

	
	
	Bulb species
	6
	T

	
	
	Native bunchgrasses
	1,6
	T

	
	
	Riparian vascular plants
	3,6,7
	W

	
	
	Macroalgae
	3,7
	W

	
	Native species of special interest (presence, population size, trends)
	
	All
	MTW

	
	
	Bishop pine
	3,7
	T

	
	
	Grey pine
	6
	T

	
	
	Black oak
	1,4
	T

	
	Species at risk (presence, trends, population size, genetic diversity)
	
	2,3,4,5,6,7
	TW

	
	
	Helianthella castanea
	4
	T

	
	
	Salvia mellifera
	4
	T

	
	
	Helianthemum scoparium
	4
	T

	
	
	Asclepius cordifolia
	4
	T

	
	
	San Mateo thorn-mint
	3
	T

	
	
	Sonoma alopecurus
	7
	T

	
	
	Presidio (Raven’s) manzanita
	3
	T

	
	
	Point Reyes blennosperma
	7
	T

	
	
	Mason’s ceanothus
	3
	T

	
	
	Sonoma spineflower
	7
	T

	
	
	Fountain thistle
	3
	T

	
	
	Presidio clarkia
	3
	T

	
	
	San Mateo wooly sunflower
	3
	T

	
	
	Marin dwarf flax
	3
	T

	
	
	Beach layia
	7
	T

	
	
	San Francisco lessingia
	3
	T

	
	
	Point Reyes meadowfoam
	7
	T

	
	
	Tidestrom’s lupine
	7
	T

	
	
	Santa Cruz Island bush mallow
	3
	T

	
	
	White-ray pentachaeta
	3,6
	T

	
	
	San Francisco popcorn-flower
	7
	T

	
	
	Pink sand-verbena
	7
	T

	
	
	Tiburon Indian paintbrush
	3
	T

	
	
	Montara manzanita
	3
	T

	
	
	San Mateo tree lupine
	3
	T

	
	
	Delores campion
	3
	T

	
	
	Tamalpais jewelflower
	3
	T

	
	
	Tiburon buckwheat
	3
	T

	
	
	San Francisco wallflower
	3
	T

	
	
	Wedge-leaved horkelia
	3
	T

	
	
	Glory brush
	3
	T

	
	
	Western leatherwood
	3
	T

	
	
	Oakland star tulip
	3
	T

	
	
	Indian paintbrush
	3
	T

	
	
	Tamalpais manzanita
	3
	T

	
	
	Choris popcornflower
	3
	T

	
	
	Santa Cruz microseris
	3
	T

	
	
	Blasdale’s bent grass
	7
	T

	
	
	Point Reyes bent grass
	7
	T

	
	
	Coast rock cress
	3,7
	T

	
	
	Marin manzanita
	3,7
	T

	
	
	Thurber’s reed grass
	7
	T

	
	
	Swamp harebell
	7
	T

	
	
	Humboldt Bay owl’s clover
	7
	T

	
	
	Point Reyes ceanothus
	3,7
	T

	
	
	Mount Vision ceanothus
	7
	T

	
	
	San Francisco Bay spineflower
	3,7
	T

	
	
	Wooly-headed spineflower
	7
	T

	
	
	Sonoma spineflower
	7
	T

	
	
	Franciscan thistle
	3,7
	T

	
	
	Point Reyes bird’s beak
	3,7
	T

	
	
	California bottlebrush grass
	3,7
	T

	
	
	Marin checker lily
	7
	T

	
	
	Fragrant fritillary
	3,7
	T

	
	
	Dune gilia
	3,7
	T

	
	
	Dark-eyed gilia
	7
	T

	
	
	San Francisco hairy gumplant
	3,7
	T

	
	
	Hayfield tarplant
	7
	T

	
	
	Short-leaved evax
	7
	T

	
	
	Kellogg’s horkelia
	7
	T

	
	
	Beach layia
	7
	T

	
	
	Coast lily
	7
	T

	
	
	Point Reyes meadowfoam
	7
	T

	
	
	Delta mudwort
	7
	T

	
	
	Large-flowered linanthus
	7
	T

	
	
	Tidestrom’s lupine
	7
	T

	
	
	Curly-leaved monardella
	7
	T

	
	
	Gairdner’s yampah
	7
	T

	
	
	North coast phacelia
	7
	T

	
	
	Point Reyes rein orchid
	7
	T

	
	
	Nodding semaphore grass
	7
	T

	
	
	Marin knotweed
	7
	T

	
	
	Round wooly marbles
	7
	T

	
	
	Lobb’s aquatic buttercup
	7
	T

	
	
	Point Reyes checkerbloom
	7
	T

	
	
	San Francisco owl’s clover
	3,7
	T

	
	Exotic species/ disease (#, area covered, rate of spread of selected species)
	
	All
	MTW

	
	
	Cord grass
	3,7
	M

	
	
	Ammophila
	3,7
	M

	
	
	Giant reed
	3,4,7
	MW

	
	
	Mistletoe
	1
	T

	
	
	Yellow starthistle
	1,3,4,6
	T

	
	
	Eucalyptus
	1,3,7
	T

	
	
	Artichoke thistle
	3,4,7
	T

	
	
	French broom
	3,4,6,7
	T

	
	
	Tree of heaven
	1,4
	T

	
	
	Mediterranean linseed
	3
	T

	
	
	Italian thistle
	1,3,4,7
	T

	
	
	Purple starthistle
	4
	T

	
	
	Cotoneaster
	3,4,7
	T

	
	
	Harding grass
	1,3,4,6,7
	T

	
	
	Scotch broom
	3
	T

	
	
	Oblong spurge
	4
	T

	
	
	Fennel
	3,4,7
	T

	
	
	Perennial pepperweed
	4
	T

	
	
	Ox-eye daisy
	3,7
	T

	
	
	Pennyroyal
	3,7
	T

	
	
	Periwinkle
	3,4,7
	T

	
	
	English ivy
	3,7
	T

	
	
	Napa thistle
	4,6,7
	T

	
	
	Spiny cocklebur
	4,6,7
	T

	
	
	Field mustard
	3,4,6,7
	T

	
	
	Monterey cypress
	3,7
	T

	
	
	Monterey pine
	3,7
	T

	
	
	Gorse
	7
	T

	
	
	Garden nasturtium
	3,7
	T

	
	
	Brass buttons
	6,7
	T

	
	
	Sudden oak death
	1,3,4,7
	T

	
	
	Ice plant
	3,7
	T

	
	
	Prickly lettuce
	4,6,7
	T

	
	
	Black mustard
	4,6,7
	T

	
	
	Pampas grass
	3,6,7
	TW

	
	
	European beach grass
	3,7
	TW

	
	
	Cirsium vulgare
	1,3,4,7
	TW

	
	
	Horehound
	6,7
	TW

	
	
	Poison hemlock
	3,4,6,7
	W

	
	
	Parrot’s feather
	7
	W

	
	
	Cape ivy
	3,7
	W

	
	Vegetation composition and structure
	
	All
	MTW

	ABIOTIC/ BIOTIC INTERFACE
	HABITAT PATTERNS
	
	
	

	
	Community assemblages (area/ distribution)
	
	All
	MTW

	
	
	Rocky intertidal community
	3,7
	M

	
	
	Subtidal community
	3,7
	M

	
	
	Barnacle/mussel community
	3,7
	M

	
	
	Algal assemblages
	3,7
	M

	
	
	Muir meadow
	4
	T

	
	
	Oak woodland community
	1,3,4,7
	T

	
	
	Mt. Wanda peak grassland
	4
	T

	
	
	Pastoral cultural scene
	4
	T

	
	
	Grassland
	1,6
	T

	
	
	Douglas fir and coast redwood forests
	3,5,7
	T

	
	
	Rock and scree community
	6
	T

	
	
	Chaparral community
	6
	T

	
	
	Riparian/woodland edge plant community
	1,3,4,6,7
	TW

	
	
	Floodplain terrace
	1,4
	TW

	
	
	Coastal wetlands
	3,7
	W

	
	Fragmentation and connectedness (patch size, patch proximity, connectivity)
	
	All
	TW

	
	
	Connectivity of open space
	1,3,4,6,7
	T

	
	
	Migratory corridors
	1,4
	TW

	
	
	Riparian corridor connectivity
	3,7
	W

	
	Land use patterns (urban, agriculture, residential, grazing, wetlands)
	
	All
	MTW

	
	
	Past land use practices
	All
	MTW

	
	
	Farming acreage
	3,7
	MTW

	
	
	Surrounding land use
	All
	MTW

	
	
	Grazing acreage
	1,4
	T

	
	
	Urban:open space edge
	3,7
	T

	
	
	Change in land use
	1,3,4,6,7
	T

	
	
	Wetland distribution
	3,7
	W

	
	
	Stream habitat surveys
	3,7
	W

	
	
	Marine fishing zones
	3,7
	WM

	
	ECOSYSTEM PROCESSES
	
	
	

	
	Succession
	
	3,5,6,7
	MTW

	
	Nutrient dynamics
	
	1,3,4,5,6,7
	MTW

	
	DISTURBANCE EVENTS
	
	
	

	
	Fire
	
	1,3,4,5,6,7
	TW

	
	
	Fire suppression
	1,3,4,5,6,7
	TW

	
	
	Fire prescription
	1,3,4,5,6,7
	TW

	SOCIAL
	VISITOR USE
	
	
	

	
	Recreational use (numbers, types)
	
	All
	MTW

	
	
	Number/ location
	All
	MTW

	
	
	Sanitation
	6
	MTW

	
	
	Social trails
	3,6,7
	T

	
	
	Climbing
	6
	T

	
	
	Driving
	6
	T

	
	Viewsheds
	
	All
	MT

	
	
	
	
	


Protocol Questions – definitions

(Note:  Please be sure to address items in bold as these denote areas of essential information.)
INDICATOR: Specific indicator
Type: 
Is the indicator a basic resource component/value, a stressor within the system, or in some cases, both.

Indicator Category:
Is the link in the indicator matrix (Table 4a,b)?
Ecosystem(s):
 Links the indicator to ecosystems within the parks.

Park(s):
Identifies what park(s) the indicator is associated with.

Metric(s): 
Refers to the elements to be measured and the data to be collected.

Method:  
Provides a short description of a methodology or references a developed protocol.  Please include reference to frequency, timing, and scale as described below.


Frequency: 
Stipulates how often the indicator should be measured. 


Timing: 
Specifies the time of year that data collection should occur.


Scale: 
(See Figure 3.)  Three scales will be identified: 1) indicates at what level the data will be collected in the nested spatial system, 2) on what scale the process or element operates and 3) at what scale can the analysis be inferred. 

Monitoring Question(s): 
Provides justification as to the importance of measuring this indicator.  (See Table 2. Management issues and monitoring questions.)

Basic Assumptions:
Specifies the underlying assumption(s) that if not true, would possibly invalidate this 
  


indicator/methodology.

Research Need(s):
Identifies any known research need(s) that would facilitate understanding of how this indicator fits within the ecosystem model.

Management Goal:
Desired future condition.
Threshold/ Target Value:
Stipulates the resource condition (numerically if possible) and the amount of variation from this condition that will be tolerated (accepted as natural variation).

Management Response:
Specifies what management action is recommended if the threshold or target is not met.
Constraints: 
Lists issues/concerns about the indicator related to its successful implementation.

Status: 
Identifies whether monitoring is proposed, in development, or on-going.

References:
Contacts, experts or literature relevant to the indicator.
Protocol Questions – Example

(Note:  Please be sure to address items in bold as these denote areas of essential information.)
INDICATOR: Small Bird Counts

Type: 

resource value

Indicator Category:  Biosphere-faunal characteristics-species richness and diversity

Ecosystem(s):
terrestrial, wetland

Park(s):
All

Metric(s): 
relative species number at specific points, species presence/absence %

Method:  
variable circle plots (protocol developed by PRBO, CJ Ralph, and others)


Frequency: 
3 consecutive years every five years


Timing: 
breeding (May to July) and wintering (November to January) seasons


Scale: 

data collection at II





analysis at IV





inference at IV

Monitoring Questions:  Is habitat quality and ecosystem function changing?  Is global climate change affecting bird productivity?  Is grazing affecting species diversity?

Basic Assumptions: Assumes geographic expansion/contraction to be of value and population dynamics may be dependent on other areas used in the birds annual cycle.

Research Needs: What are baseline diseases in passerine populations.

Management Objective: Maintain bird populations  (relative abundance ranking is “stable”, species percent  plots occurrence (of the most common species) is “stable.”

Threshold/Target Value:  relative abundance ranking changes 3 or more positions for 4 of the top 15 species


percent of plots (for top 15 species) changes more than 50% between survey years 

Management Response:  
Initiate research to determine declines.

Constraints: 
Consider resident species (winter) versus just breeding, technique is not robust for rare bird species.

Status: 
In development (inventory complete, first set of monitoring complete) for PINN, JOMU, EUON.  10 years of monitoring in riparian habitat at MUWO, GOGA and PORE.  35 years of monitoring in coastal scrub at PORE.

References:  
Ralph et al. 1993.   Numerous PRBO studies in all parks.







