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Preface

The report summarizes a NOAA-led regional effort to select provisional environmental indicators that can be used to track the health of the Puget Sound ecosystem. This summary report transmits information on environmental indicators for five ecosystem components: water quality, human health, water quantity and habitat. Washington State statute, in RCW 90.71.290, specifies a role for the Partnership’s Science Panel in identifying environmental indicators and recommending benchmarks.  Accordingly, the summary report was written for review by the Science Panel and others familiar with the Provisional Indicators Project and is not meant to be a stand-alone document for review by the broader scientific community. A detailed report on the Phase 1 indicators project will be completed in 2009 that will include a description of the criteria and framework for selecting indicators (Task 1), the conceptual models (Task 2), the evaluation process (Task 3) and a more complete evaluation of the list of available indicators that were recommended (Task 4). This detailed report will be made available to the broader scientific community for review.
Evaluations have been completed for all available water quality, human health, water quantity, habitat, and species and food web related indicators.  Additionally, the indicators Technical Work Group identified 61 indicators that are generic to all ecosystem components, and these generic indicators are currently being evaluated.  Many indicators of performance (81) were also identified during the evaluation process but these performance measures were not considered environmental indicators so they were not included in the list of recommended available indicators. However, the list of performance measures may be useful for defining benchmark towards threshold for some environmental indicators. 
The Phase 1 list of water quality, human health, water quantity, habitat and species and food web indicators constitutes an un-prioritized list of indicators for further consideration by the Science Panel and the Partnership.  The recommended list of available indicators (i.e. provisional indicators) includes both “good” and “potential” indicators. “Good” available indicators are usable in their current form, but “potential” indicators will require with further evaluation, a modification, or expansion prior to use.  Funding may be needed to implement indicators on this list, as current funding status was not considered as one of the selection criteria. 

The utility of individual environmental indicators will depend upon the specific assessment questions and strategies undertaken by the Partnership and their intended use (i.e. reporting indicators to communicate and engage the general public versus tracking indicators to assess ecosystem function). Additional work will be necessary in Phase 2 to select the suite of indicators for use by the Partnership, and in this summary report we provide some suggestions for the Phase 2 process (i.e. selection of a suite of ecosystem that address key essential ecosystem attributes and selection of a suite of indicators that assist with defining the causal links associated with particular threats). Over the next two years, additional technical development and evaluation of indicators will ensure that outcomes, indicators, and benchmarks will be improved and refined as a focus of the Partnership’s adaptive management efforts.

The human well-being indicators were addressed in a separate process let by Morgan Schneidler and Mark Plummer (2008). 
INTRODUCTION

The Puget Sound Partnership is developing an Action Agenda to serve as a roadmap for restoring and maintaining the health of Puget Sound.  A robust set of measurable indicators is needed to evaluate progress towards meeting those goals. Within a whole-ecosystem based management approach, good environmental indicators provide core tools for managing human activities to achieve ecosystem health. Environmental indicators should be used to:  

1) inform policy makers about environmental problems and their level of urgency, 

2) support policy development and priority setting by identifying key issues pressuring the environment, and 

3) assess the effects of policy responses. 

Once appropriate environmental indicators are selected and implemented they can be used to assess progress towards ecosystem goals and then, principles of adaptive management can be used to alter strategies and management activities to better meet ecosystem goals. Thus, management decisions based on good environmental indicators increase the likelihood of achieving ecosystem goals.  This means indicators must be scientifically sound and they must resonate with the public and decision-makers.  However, what constitutes a “good” environmental indicator and how many are needed to adequately inform management and policy is often unclear.  

Scientists in the region will need to define an integrated set of environmental indicators to translate terms such as “healthy,” “safe,” and “sustained” into agreed upon and measurable criteria for assessing the health of the entire Puget Sound ecosystem and the interaction of its component parts.  Developing quantified outcomes and performance standards for environmental indicators will take more than one year, but in the interim a provisional set of indicators has been selected to support the Action Agenda.  Modifications to these provisional indicators are expected as work proceeds.  Sandie O’Neill (on loan to NOAA from Washington Department of Fish and Wildlife through an Inter-agency Personnel Agreement) and Claudia Bravo and Tracy Collier (NOAA) worked with other regional scientists from state agencies, tribes, universities, local governments and private organizations to identify a provisional set of indicators of ecosystem health.
APPROACH 

The primary objective of this effort was to select a provisional list of environmental indicators for the Puget Sound ecosystem that can be used by the Puget Sound Partnership to characterize and communicate information about five components of the Puget Sound ecosystem (species and food webs, habitat and processes, water quality, water quantity, and human health).  A short-term qualitative process that solicits and organizes expert judgment from the scientific community was used to evaluate and select a list of environmental indicators from sets of available indicators that have been proposed, are currently in use, or have been used in the past in Puget Sound. The Provisional Indicators Team (PIT) consisted of a Steering Panel (SC), a Technical Work Group (TWG) and PSP staff.  The Science Panel provided guidance and review.  A separate but a parallel effort was used to develop human socio-economic and cultural well-being indicators for Puget Sound (Schneidler and Plummer, 2008), a process that is more driven by societal values. 
Given the short timeline for the development of the Action Agenda, and the anticipated lengthy period needed to develop and select scientifically sound environmental indicators that are customized to the ecological health of Puget Sound but also resonate with policy makers and the general public, it was decided that a tiered two-phase process was needed to inform policies and management actions, both immediately (Phase 1) and in the longer term (over the next several years and beyond – Phase 2).   This two-phased approach can be summarized as follows: 
Phase 1 = evaluation of currently available environmental indicators, and selection of a list of ‘provisional’ indicators;

Phase 2 = revision of provisional indicators to include development of new, customized, or synthetic environmental indicators. 

This report summarizes the results of the Phase 1 process, provides initial recommendations for the Phase 2 process, and identifies major gaps. 

To select environmental indicators, 4 major tasks were identified for Phase 1:

1. Develop criteria and a framework to be used for selecting environmental indicators. 

2. Create conceptual models that define key structures and functions of the Puget Sound ecosystem components. 

3. Identify, compile, and summarize former, current and proposed indicators for the Puget Sound ecosystem.  

4. Select and evaluate the most suitable environmental indicators based on criteria/framework and conceptual models.
TASK 1 SUMMARY 

NOAA staff developed a hierarchical decision tree and framework (modified from Kurtz et al. 2001) for evaluating individual indicators that was later presented and modified by the TWG.  Five evaluation questions were agreed upon:

· Is the indicator conceptually valid?

· Do data exist?

· Can the indicator be feasibly implemented?

· Are the statistical properties understood and sufficient?

· Does the indicator fulfill management and reporting needs?
Additionally, the TWG selected two frameworks to assist with identifying the suite of indicators necessary to track the health of the Puget Sound ecosystem. The full suite of indicators should include indicators that collectively reflect properties of a functioning ecosystem, as well as sets of indicators that attempt to address causal mechanisms underlying ecosystem function. EPA (2002) lists an extensive list of Essential Ecological Attributes (EEAs) that can be used to assess and report on the ecological condition, including some guidance on indicator selection.  A Driver-Pressure-State-Impact-Response (DPSIR) causal chain framework (Smeets and Wetering 1999; Niemeijer and de Groot 2008) was proposed to clearly define the causal links or relationships between ecosystem attributes we can measure and aspects of the ecosystem that have high relevance to humans.
TASK 2 SUMMARY

The TWG decided that conceptual models were needed for each of the ecosystem components set by the Partnership: water quality, water quantity (freshwater only), species, habitats, human health, and human well-being.)  A DPSIR framework was chosen as the common framework to develop the various component-based conceptual models. The DPSIR framework clearly defines the causal links or relationships between ecosystem attributes we can measure and aspects of the ecosystem that have high relevance to humans (i.e. potential indicators for the Action Agenda). Specifically, the DPSIR framework defines the causal links between human activities (i.e. drivers), the stress or pressures they can put on the ecosystem, that cause changes in the state of ecosystem components, resulting in negative impacts to other ecosystem components. Ultimately, society can react (i.e. show a response), often with management actions that can regulate the driver, the pressure, state, or impact. An existing Puget Sound Assessment and Monitoring Program (PSAMP) conceptual model was modified to fit the DPSIR framework. The resulting component-based DPSIR models will eventually need to be linked into a whole-ecosystem based conceptual model that denotes the inter-connections among these components.

TASK 3 SUMMARY

NOAA staff worked with the TWG to inventory the individual indicators that were available for evaluation. Over 100 documents (and sometimes database summaries) were screened to identify indicators that have been proposed, are currently in use, or have been used in the past in Puget Sound and Georgia Basin. These indicators were inventoried into one comprehensive list of over 650 available individual indicators, including many duplicates. 

TASK 4 SUMMARY 

The evaluation of available individual indicators was completed by the TWG using the using hierarchical decision tree and framework developed in Task 1 and the conceptual Models created in Task 2.   Available indicators associated with specific ecosystem components were evaluated by sub-groups of the TWG with expertise in that field.  Each indicator was evaluated as follows: 

· Is the indicator conceptually valid? Yes/No

· Do data exist? Yes/ No or limited amounts (Medium/Low) 

· Feasibility of implementation? Yes/ No or limited feasibility (Medium/Low)

· Statistical properties? Yes/ No or limited properties (Medium/Low)

· Does the indicator fulfill reporting needs? Yes/ No or limited  (Medium/Low)
An indicator was considered to be conceptually valid if it was based on conceptual models, ecologically important, and relevant to PSP goals (see Table 1).  Depending on the answers to the evaluation questions in the decision tree the indicators were classified as:
· Unsuitable = should not be used

· Possible future indicator = too little data to evaluate the indicator

· Potential indicator = indicator is potentially usable, however, it has some limitations that may require further evaluation, a modification, or expanded effort 

· Good = indicator that it is usable as it is.

Indicators were classified as “Unsuitable” if they were not conceptually valid, unfeasible, or they had poor (low) or unknown statistical properties.

Indicators were classified as a “Possible Future Indicator” if little (i.e., "low”) or no data existed to evaluate them.  An indicator was classified as a  "Potential Indicator" rather than a "Good" indicator if it scored low or medium on either the feasibility or statistical evaluation questions or was limited in its geographic scope.

Once the environmental indicators were selected, a preliminary gap analysis was completed to identify major gaps in the list of provisional indicators. NOAA staff compared the list of provisional indicators against summary indicators lists from outside the Puget Sound region (e.g., EPA 2008, NRC 2000, IMST 2007) to identify indicators used nationally or in other regions that are not used in Puget Sound.  Other information gaps in the region were identified from the draft topic forum papers prepared for the Partnership. Additionally, TWG members were asked to submit their top three priorities for indicator gaps and any recommendations for improving their indicators.

EVALUATION SUMMARY
A total of 661 available environmental indicators (i.e., records) from over 100 documents were available for evaluation by TWG. To date, 91% (597) were evaluated, which included identification and removal of indicators that were either duplicates or closely related indicators. Evaluations were completed for indicators related to water quality, human health, water quantity, habitat, and species and food webs.

There were 81 performance measures identified during the evaluation process that were not considered environmental indicators. Performance measures may be useful for defining benchmarks towards attaining threshold for some environmental indicators. These performance measure records are considered by the TWG to be “evaluated”, however, additional screening may be needed to assess their utility as benchmarks. 
Additionally, another 61 records for indicators that were generic all ecosystem components (i.e., indicators of climate and climate change, human population growth, natural disasters, oceanographic conditions, resource consumption, and waste and recycling)) have yet to be evaluated. We anticipate that another 10-20 provisional indicators will be identified from these generic indicators. 

Indicators related to human well-being were developed separately (Schneidler and Plummer, 2008) in a parallel process that used the criteria and framework for indicator selection (Task 1) and the conceptual model for Puget Sound (Task 2).
“Recommended Available Environmental Indicators”, organized by goals/outcomes and habitat, were summarized for water quality (Table 2), human health (Table 3), water quantity (Table 4) and habitat (Table 5) and Species and Food Webs (Table 6).  The recommended list of available indicators includes both “good” indicators that are usable in their current format, as well as “potential” indicators that require further evaluation, a modification, or an expansion. Available indicators with insufficient data to evaluate their suitability as indicators for the Partnership, considered as “Possible Future Indicators”, and lists of “Gaps Identified” were also included in the summary tables for further consideration in Phase 2. The preliminary list of identified gaps in Tables 2-6 is incomplete and non-prioritized. Additional effort will be needed to better define and evaluate the gaps in the provisional indicators for Puget Sound. In particular, scientific documents summarizing regional environmental assessments [e.g., The Nature Conservancy’s Eco-regional Assessment of the Willamette Valley–Puget Trough–Georgia Basin (2004), The Puget Sound Update (2007), Sound Science (2007)] should be evaluated. 

Recommended available indicators (i.e. “potential” plus “good” indicators) for consideration by the Science Panel include 32 for water quality, 11 for human heath, 9 for water quantity, 19 for habitat with three remaining to be evaluated, and 61 for species and food web (including 3 indicators cross referenced as habitat indicators and 1 cross-referenced as a water quality indicator).

Descriptions and evaluation comments are provided for the recommended available indicators for water quality (Table 7) human health (Table 8), water quantity (Table 9), habitat (Table 10) and species and food webs (Table11). 

FINDINGS

Overall, the list of available indicators is biased towards marine and nearshore habitats, in part related to the expertise of the members of the Indicator’s Steering Committee and the Technical Work Group, and in part related to more extensive monitoring programs in the marine habitat. 

The utility of individual environmental indicators will depend upon the specific assessment questions and strategies undertaken by the Partnership and their intended use (i.e. reporting indicators to communicate and engage the general public versus tracking indicators to assess ecosystem function). 

Following is an assessment of the suite of recommended available indicators for use by the Partnership, including a selection of a suite of indicators that assists with defining the causal links associated with particular threats (i.e. suite of Driver, Pressure, State, Impact and Response indicators) and the suite of indicators that addresses key essential ecosystem attributes. 

Available Suite of Driver-Pressure-State-Impact-Response Provisional Indicators

In Tables 12 – 18 indicators are presented according to the aspect of the ecosystem component addressed: some indicators measure drivers (D) and pressures (P) that influence conditions of concern in the ecosystem; some indicators reflect the state (S) of the ecosystem, some indicators measure impacts (I) to ecosystem services or attributes, and some indicators reflect management responses (R).  Collectively, this framework of indicators, referred to as DPSIR chains, and their associated conceptual models, reflect the causal links or relationships among measurable ecosystem attributes, both within and between ecosystem components. For example, Table 17 lists indicators of pressures on the habitat (e.g., channel armoring in freshwater) that may lead to changes in the state of the habitat (e.g., floodplain connectivity). Likewise, Table 12 list changes in the state of water quality (e.g., chemical contamination in sediments and biota) that may result in impacts such as liver disease in English sole.  As detailed in the conceptual models, indicators from one ecosystem component are causally lined to indicators in other ecosystems.  For example, one state indicator of water quality (toxics in marine pelagic fish in Table 12) is linked to an impact indicator of human health (marine fish consumption advisories in Table 15) and may be linked to the abundance of various marine species (Table 18). 
Overall, the list of recommended available indicators consists mostly of state and impact indicators with few pressure or response indicators. State or impact indicators are preferable for assessing the overall status (i.e. just how serious a problem is) of the ecosystem, (Niemeijer and de Groot 2008), however, more focus on pressure and response indicators are needed to know how best to control a situation. Given the small number of pressure and response variables, additional monitoring efforts will be needed to develop complete or near-complete DPSIR causal chains for specific pressures present in Puget Sound as these causal chains offer the most immediate likelihood of assessing the success of management strategies.   
Available Suite of Provisional Indicators related to Essential Ecosystem Attributes

The recommended available indicators include 103 indicators related to Essential Ecological Attributes (EEA). The number of indicators among the six major categories of EEAs appears unbalanced with 68 biotic condition indicators, 16 chemical and physical characteristics indicators, 8 landscape condition indicators, 10 hydrology and geomorphology indicators, 1 indicator of natural disturbance regimes and zero indicators of ecological processes. Future selection efforts will need to focus on selecting the best available indicators within each of these six EEA categories.  In addition to adding new indicators, especially for ecological processes and natural disturbance regimes, the “functional redundancy” (Pajak, 2000) of similar indicators must be identified.

Indicators of Biotic Condition

The indicators of biotic condition include all of the species and food web component indicators plus 11 water quality component indicators (toxics in biota as a measure of organism condition).  The majority of the available species and food web indicators are strongly focused on higher trophic levels species in the food web, mostly fish, birds and mammals.  Primary producers are represented by only a few species (kelp, other seaweeds, eelgrass, salt marshes) and phytoplankton are totally lacking. Invertebrate species, especially mollusca and crustacea are severely unrepresented.  Additionally, the marine species are represented more than freshwater, aquatic or terrestrial species.  To better represent the breath of species in the marine, freshwater and terrestrial food webs, representatives of major species functional groups within each of food web needs to be identified. At a minimum, the species functional group classifications should be categorized based on trophic status and position (e.g. benthic, pelagic, surface orientated etc.) and possibly some attributes of mobility. During Phase 1, the Indicator’s Technical Work Group started development of a list of species functional groups for marine, freshwater and terrestrial food webs using existing classification systems, however, additional effort will be needed in Phase 2 to complete this process.  Effort will also be needed in Phase 2 to identify individual species that may represent “keystone” species or focal species for particular habitats. 

Most of the available species indicators are at the population/species level of biological organization with few at the community level or organism level.  Furthermore, most of the population level indicators are for population size, with few that measure population dynamics, genetic diversity, or population structure. The few indicators of community dynamics and species/population dynamics that are available can also be considered as attributes of ecological processes.  However, new species indicators that represent “higher-level” attributes related to ecological processes will be needed inform us about ecosystem integrity  (e.g. changes in total species diversity, net primary production, as identified by NRC 2000) or functioning of the food web.  More community level indicators will need to be developed in Phase 2 because they are generally more indicative of overall ecosystem health than individual population/species indicators.

Currently, the 10 salmonid indicators are general generic indicators, not species specific.   Listing each of these generic indicators by species would add 60 -70 salmon indicators depending on which species are included.   

Indicators of Chemical and Physical Characteristics

Water quality indicators associated with toxics or nutrients in water and sediments are also classified as indicators of chemical and physical characteristics.  Water quality or habitat indicators that measure physical and chemical parameters such as temperature, salinity, PH, etc. are also classified as indicators of chemical and physical characteristics (e.g., distance between patches, longitudinal and lateral connectivity).

Indicators of Landscape Condition

Eight habitat indicators were also classified as indicators of landscape condition. These indicators of landscape condition were related to the extent and composition of the landscape but none measured indicators of landscape patterns and structure.

Indicators of Hydrology and Geomorphology
Eight of the water quantity indicators are also classified as indicators of hydrology and geomorphology, specifically as measures of surface and groundwater flow (e.g., patterns of flow or water storage). Attributes associated with the dynamic structural characteristics of hydrology and geomorphology are represented by two habitat indicators, flood plain connectivity and physical habitat parameters (e.g., woody debris, back width, pool/riffle ratio etc.).  Indicators of sediment supply/movement are lacking.

Indicators of Natural Disturbance Regimes

The only measure of a natural disturbance is the frequency of flood events.  Indicators of the intensity, extent or duration of flooding or other natural disturbance are lacking.

Indicator of Ecological Processes

Indicators of ecological processes such as energy flow (i.e., primary production, net ecosystem production and growth efficiency) and material flow (i.e., organic carbon cycling, other nutrient cycling) are not currently available for Puget Sound and will have to be developed.

Sampling Design

Additional work will be necessary in Phase 2 to select the suite of indicators for use by the Partnership. Undoubtedly, the Partnership will need indicators to report on the ecological condition of Puget Sound, mostly state and impact indicators, derived from status and trend monitoring. Additionally, the Partnership’s Action Agenda, by design, will use the principals of adaptive management to assess the effectiveness of various management strategies at improving the health of Puget Sound.  Thus, effectiveness monitoring will be needed to measure environmental indicators tailored to assess the effectiveness of the management strategies (i.e. mostly pressure indicators).  Assessing the complete array of condition and pressure indicators can aid the analysis of the causal mechanisms underlying compromised ecosystem conditions. Theoretically, local status and trend monitoring efforts designed to document changes in conditions over time such as the Puget Sound Assessment and Monitoring Program (PSAMP) can be combined with effectiveness monitoring to maximize efficiency. However, considerable care must be taken to ensure that the sampling designs and analytical frameworks are appropriate (IMST 2007).
RECOMMENDATIONS FOR PHASE 2  

1. Define the “scope” of the Partnership in more specific terms to better define the breadth of indicators and gaps that should be addressed.

2. Initiate dialogue among the scientific community, policy leaders and the general public to generate the final selection of currently available indicators for the Partnership. The tangible list of provisional indicators presented in this report should serve as the starting point for this dialogue and the identification of additional gaps. More importantly, future discussions should assist with refinement of assessment questions to be addressed and the suite of indicators to be selected.

3. Fund staff positions in multiple agencies specifically to work on indicator development. The success of the next phase of indicator development will depend upon the involvement on many groups in the regions, especially those entities that generate data for environmental indicators. 

4. Complete a more thorough gap analysis.

5. Select a suite of indicators for the Partnership. Consideration for the selection of indicators included should include an overall assessment of how well the Puget Sound functions, as well as causal mechanisms underlying ecosystem function. The final suite of indicators should reflect key questions, objectives and strategies identified in the Action Agenda and the Strategic Science Plan. 

6. Refine and develop monitoring programs to support indicator reporting and other informational needs.  

7. Develop an informational management system to ensure that the data to generate indicators is assembled and readily available, documented and managed. Coordinate with Pacific Northwest Assessment and Monitoring Program (PNAMP) and other programs to ensure continuity with other regional efforts to identify environmental indicators. Clarifying indicator definitions may help to minimize the functional duplicates. Protocols for data collection, like those developed by the PNAMP, should be developed. 

8. Develop a list of “reporting’ indicators that resonates with the general public from the suite of indicators that will be “tracked” by the Partnership. Three approaches to consider for developing a smaller set of reporting indicators include:

a. selecting a sub-set of the recommended available indicators to monitor

b. grouping related indicators under a  broader category, then presenting data on multiple indicators to tell the story (e.g., Toxics in the biota as a broader category to show toxics in several species).

c. creating indices by combining data for individual indicators into one metric.

9. Complete conceptual models for species and habitat ecosystem components and refine the water quantity component models. Incorporate all conceptual models into an inter-active program that allows visualization of the linkages among ecosystem components.

10. Identify benchmarks. 
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	Table 1. Goals and Outcomes for the Puget Sound Partnership.

	Ecosystem Component
	PSP Goals1
	Goal #
	Outcomes (2020)2

	Water Quality
	Fresh and marine waters and sediments of a sufficient quality so that the waters in the region are safe for drinking, swimming, shellfish harvest and consumption, and other human uses and enjoyment, and are not harmful to the native marine mammals, fish, birds, and shellfish of the region.
	WQL-1
	Toxics and pathogen levels in marine mammals, fish, birds, shellfish, and plants do not harm the persistence and health of these species.

	
	
	WQl-2
	Loadings of toxics, nutrients and pathogens do not exceed levels consistent with healthy ecosystem functions.

	
	
	WQL-3
	The waters in Puget Sound region are safe for drinking, swimming, and other human uses and enjoyment.

	Human Health
	A healthy human population supported by a healthy Puget Sound that is not threatened by changes in the ecosystem.
	HH-1
	Fish and shellfish are plentiful and safe for people to eat.

	
	
	HH-2
	Marine and freshwaters are clean for swimming, fishing, and other human uses and enjoyment.

	
	
	HH-3
	Air is healthy to breathe.

	Species and Food webs
	Healthy and sustaining populations of native species in Puget Sound, including a robust food web.
	SP-1
	Terrestrial, aquatic and marine species exist at viable levels into the future and biodiversity of the overall ecosystem is naturally maintained.

	
	
	SP-2
	Invasive species do not significantly reduce the viability of native species and the functioning of the food web.

	
	
	SP-3
	The harvest of fish, wildlife, shellfish and plants is balanced, viable and ecosystem based.

	Habitat
	A healthy Puget Sound where freshwater, estuary, nearshore, marine, and upland habitats are protected, restored and sustained.
	HB-1
	The amount, quality and location of marine, nearshore, freshwater, and upland habitats sustain the diverse species and food webs of Puget Sound lands and waters.

	
	
	HB-2
	The amount quality, and location of marine, nearshore, freshwater, and upland habitats are formed and maintained by natural processes and human stewardship so that the ecosystem functions are sustained.

	
	
	HB-3
	The abundance and distribution of invasive species do not significantly impair habitat quality, quantity, or the processes that form and maintain habitats.

	Water Quantity
	An ecosystem that is supported by ground water levels as well as rivers and stream flow levels sufficient to sustain people, fish, and wildlife, and the natural functions of the environment.
	WQT-1
	Freshwater quantity is sufficient to support freshwater and terrestrial food webs and human uses and enjoyment.

	
	
	WQT-2
	Freshwater quantity is sufficient to support estuarine, nearshore and marine food webs and the habitats upon which they depend.

	Human Well Being
	A quality of human life that is sustained by a functioning Puget Sound ecosystem.
	HWB-1
	Aesthetic values, opportunities for recreation, and access for the enjoyment of Puget Sound are continued and preserved.

	
	
	HWB-2
	Upland and marine resources are adequate to maintain treaty rights, as well as cultural, spiritual, subsistence, ceremonial, medicinal, and economic endeavors of the tribal communities of Puget Sound.

	
	
	HWB-3
	The Puget Sound supports thriving natural resource and marine industry uses such as agriculture, aquaculture, fisheries, forestry, and tourism.

	
	
	HWB-4
	The Puget Sound's economic prosperity is supported by and compatible with the protection and restoration of the ecosystem,

	1Engrossed Substitute Senate Bill 5372. Section 12, 1(a-f).
	
	

	2 Sound Health, Sound Future. Appendix A.  
	
	


	Table 2.  Summary of recommended available indicators, possible future indicators, and identified gaps for water quality.   Recommended available indicators are classified as  "good" or  "potential" indicators.  Good available indicators (usable in current format) are noted in bold text.  Potential available indicators (requiring further evaluation, a modification or expansion) are noted in italics.  Possible future indicators included those with little or no data to evaluate their suitability.  Indicator record numbers (shown in brackets) are taken from the Indicators Evaluation Spreadsheet.  Shaded cell contain indicators also cross-referenced in the species and food-web indicator tables

	Major Water Quality Goals/Outcomes
	Indicator Category
	Recommended Available Indicators
	Possible Future Indicators (Phase 2)
	Identified Gaps

	
	
	Marine/ Nearshore Habitats
	Freshwater Habitats 
	Marine/ Nearshore Habitats
	Freshwater Habitats 
	Uplands
	Marine/ Nearshore Habitats
	Freshwater Habitats 
	Uplands

	Food web and Ecosystem Not Impaired by Toxics 
	Loadings and transfers
	Toxic in Biosolids from WWTP (#774)

 
	 
	 
	Pesticide Use -home and agr. (#778)
	CSO Events (volume/duration)
	Stormwater Pollutant Loadings

	 
	Loadings and transfers
	 Oil Spills (#8)
	 
	 
	 
	 
	Toxics Loadings by Area by Source
	 

	 
	Loadings and transfers
	 
	 
	 
	 
	 
	Air Deposition

	
	Toxics in Water and Sediments
	 Marine Benthic In faunal Community Structure (#88)
	Toxics in Water (#170) 
	Toxics in Water (#767)
	 
	 
	Sea-surface Micro layer
	 
	Pesticides in Ground/Surface Water

	 
	Toxics in Water and Sediments
	Chemical Contamination in Puget Sound Sediments (#87a)
	 
	 
	 
	 
	Tributyltin in Water
	Conventional Contaminants in Lowland Wetlands

	 
	Toxics in Water and Sediments
	Acute Toxicity in Puget Sound Sediments (#87)
	 
	 
	 
	
	 Pharmaceutical and EDCs
	 
	 

	 
	Toxics in Biota
	Toxics in clams (#770)
	 
	Toxics in crab and shrimp (#771)
	 
	 
	Toxics in plankton
	 
	 

	 
	Toxics in Biota
	Toxics in Mussels (#5)
	 
	Bioaccumulation Monitoring (#797)
	 
	 
	Toxics in Geoducks
	 
	 

	 
	Toxics in Biota
	Toxics in marine benthic fish (#4b)
	Toxics in Freshwater Fish -multiple sources (#772)
	 
	Toxics Freshwater Fish -air deposition source (#769)
	 
	 
	 
	 

	 
	Toxics in Biota
	Toxics in marine pelagic fish (#4a)
	 
	 
	 
	 
	 
	 
	 

	 
	Toxics in Biota
	Fish Tissue Contaminants Index (#92)
	 
	 
	 
	 
	 
	 
	 

	 
	Toxics in Biota
	Contaminants in Whole Fish (#81a)
	 
	 
	 
	 
	 
	 
	 

	 
	Toxics in Biota
	Toxics in Juvenile salmon (#773)
	 
	 
	 
	 
	 
	 

	 
	Toxics in Biota
	Toxics in Osprey Eggs (#604)
	 
	Pesticide Poisonings in Raptors (#602)
	 
	 
	 
	 

	 
	Toxics in Biota
	 
	 
	Toxics in Heron Eggs (#603)
	 
	 
	 
	 

	 
	Toxics in Biota
	 
	 
	PCBs in Cormorant Eggs (#600)
	 
	 
	 
	 

	 
	Toxics in Biota
	Toxics In Harbor Seals (#6)
	 
	 
	 
	 
	 
	 
	 

	 
	Exposure Effects
	Liver Disease in English sole (#7)
	 
	Vtg Induction in Male Fish (#768)
	 
	Contaminant effects  on species population community and community structure

	 
	Exposure Effects
	Sediment Quality Triad Index (#86)
	 
	Star protein/ DNA damage (#775)
	 
	Effect of emergent contaminants on ecological communities
	Stormwater Pollutant Effects

	 
	Exposure Effects
	 
	 
	 
	 
	 
	 
	Toxics Related Declined in Amphibians 
	 

	Appropriate Nutrient Levels
	Ambient Conditions
	Nutrients in Marine Waters (#784)
	TSI-Phosphorous levels in large lakes (#44c)
	 
	Dissolved Oxygen- Lowest 1day minimum (#621)
	 
	Chemical Forms of Nitrogen and Phosphorous  
	Nutrient Use Efficiency #

	 
	Ambient Conditions
	 
	TSI-Phosphorous levels in small lakes (#44a)
	Flushing rates (#641)
	 
	 
	Dissolved O2- Sediment Pore water
	 
	Nutrient Balance#

	 
	Ambient Conditions
	Sensitivity to Eutrophication (#41/41a)
	 
	 
	 
	 
	Eutrophication Index*
	 
	 

	 
	Loadings and Transfers
	Nutrient Loadings in Rivers to Puget Sound (#246)
	 
	 
	 
	 
	 
	 
	Nutrient Runoff

	 
	Loadings and Transfers
	 
	 
	Watershed nutrient hot spots (#638)
	 
	 
	 

	
	Loadings and Transfers
	 
	 
	WWTP nutrient hot spots (#639)
	 
	 
	 
	 
	Groundwater Nutrient Loadings to Nearshore

	 
	Loadings and Transfers
	 
	 
	Ratio of Point to Non-point Nutrient Loads (#640)
	 
	 
	 
	 
	 

	Food web and Ecosystem Not Impaired by Pathogens
	Loadings and Transfers
	Microbial Pollution Assessment-Sinclair-Dyes Inlet (#209)
	 
	 
	 
	 
	Non-point Pathogen Loadings

	 
	Ambient Conditions
	Fecal Pollution Index for Commercial Shellfish Beds (#166)
	Fecal Bacteria -Streams (#169)
	 
	 
	 
	Pathogen in Crabs
	 
	 

	 
	Ambient Conditions
	 
	Fecal Bacteria at Lake Non-Swimming Beaches (#44d)
	 
	 
	 
	 
	 
	 

	 
	Ambient Conditions
	 
	Fecal Bacteria at Lake Swimming Beaches (#44b)
	 
	 
	 
	 
	 
	 

	Good Water Quality (General)
	Ambient Conditions
	Marine Water Quality (multiple parameters #782)
	Water Quality parameters -streams (CB#9)
	 
	Biological Water Quality Index (#65)
	 
	Water Quality Index (Expanded)**
	 
	 

	 
	Ambient Conditions
	 
	Water Quality-DO/temp-lakes (#168)
	 
	 
	 
	Hydrographic Variation Index***
	 
	 

	 
	Nutrients & Pathogens
	Water Quality Index (CR#18)
	 Water Quality Index (#96)
	 
	 
	 
	 
	 
	 

	 
	Driver
	 
	 
	 
	 
	 
	Climate Change Impacts in Water Quality
	 

	* Develop a new index that includes measures of nutrient loads above background, water clarity, chlorophyll, species abundance (plankton, algae, bacteria) and sedimentation of organic matter.

	** Develop a new index that includes measures of DO, nutrient, toxics, and pathogen and light regime.

	***Develop a new indicator that measures hydrographic properties that regulate marine life temp/ salinity/inflows/run-off/ basin morphology/climatology)

	# For agricultural systems


	Table 3.  Summary of recommended available indicators, possible future indicators, and identified gaps for human health.   Recommended available indicators are classified as  "good" or  "potential" indicators.  Good available indicators (usable in current format) are noted in bold text.  Potential available indicators (requiring further evaluation, a modification or expansion) are noted in italics.  Possible future indicators included those with little or no data to evaluate their suitability.  Indicator record numbers (shown in brackets) are taken from the Indicators Evaluation Spreadsheet.

	Major Human Health Goals/ Outcomes
	Indicator Category
	Recommended Available Indicators
	Possible Future Indicators (Phase 2)
	Identified Gaps

	
	
	Marine/ Nearshore Habitat
	Freshwater Habitat
	Terrestrial Habitat
	Marine/  Nearshore Habitat
	Freshwater Habitat
	Terrestrial Habitat
	Marine/ Nearshore Habitat
	Freshwater Habitat
	Terrestrial Habitat

	Safe Seafood 
	Biotoxins-Shellfish Closures 
	Shellfish Closures for PSP (#757)
	 
	 
	 
	 
	 
	 
	Microcystin Abundance  
	 

	 
	Biotoxins-Shellfish Closures 
	Domoic Acid Contaminant Levels (#201)
	 
	 
	 
	 
	 
	 
	Anatoxin Abundance
	 

	 
	Pathogens -Shellfish Closures 
	Acres & trends in Commercial Shellfish Growing Area Closures (#10)
	 
	 
	 
	 
	 
	Consumption Advisory for Emergent pathogens
	 

	 
	Toxics- Fish /Shellfish Advisories
	Marine Fish Consumption Advisory (#198)
	Freshwater Fish Consumption Advisory (#759)
	 
	# Meals shrimp and crabs per week/area (#802)
	 
	 
	Consumption Advisory for Emergent Toxics 
	 

	 
	Toxics- Fish /Shellfish Advisories
	Shellfish Consumption Advisory-(#760)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Seafood Abundance/ Consumption
	 
	 
	 
	Access to heart-healthy diet (#801) 
	 
	Seafood Consumption Rates
	 

	 
	Exposure Effects
	 
	 
	 
	 
	 
	 
	Risk Assessment for Cumulative, Additive and Synergistic Effects
	 

	 
	Loadings and transfers
	 
	 
	 
	Biotoxins produced by invasive species (#756)
	 
	Impacts Landcover/use  on Shellfish Growing Areas (#211)
	 
	 
	 

	 
	Loadings and transfers
	 
	 
	 
	 
	 
	Impacts human population growth on Shellfish Growing Areas (#212)
	 
	 
	 

	Water safe for Swimming, fishing & other human uses. 
	Drinking Water
	 
	Quality of Groundwater for Drinking Quality (CB#8)
	 
	 
	 
	 
	 
	 
	 

	 
	Drinking Water
	 
	Drinking Water Quality (#540)
	 
	 
	 
	 
	 
	 
	 

	 
	Swimming Beach Closures for Pathogens
	% swimming beaches that meet safe swimming standards (#9)
	 
	 
	Pathogen indicator (#803)
	 
	 
	 
	 

	 
	Contact Exposure
	 
	 
	 
	 
	 
	 
	Incidence of Vibrio Related Infections
	 
	Chronic Wasting Disease

	 
	Contact Exposure
	 
	 
	 
	 
	 
	 
	Toxics in sediments
	 
	As/Pb in soil

	 
	Contact Exposure
	 
	 
	 
	 
	 
	 
	Toxics in the Water 
	 
	 

	Healthy Air Quality 
	Ambient Conditions
	Air Quality Index - # good days (#271a)
	 
	 
	 
	Enhanced Air Quality Monitoring* 

	 
	Ambient Conditions
	Air Quality-particulates (#28)
	 
	 
	 
	 
	 
	 

	 
	Exposure Effects
	 
	 
	 
	Cardiovascular disease (#755)
	 
	 
	 

	 
	Loadings and transfers
	 
	 
	 
	 
	 
	Toxics in Dust in homes - Air to Soil Pathway (#799)
	 
	 
	 

	 
	Loadings and transfers
	 
	 
	 
	 
	 
	Toxics in Soil- Air to Soil Pathway (#800)
	 
	 
	 

	 
	Loadings and transfers
	 
	 
	 
	
	 
	Amount of Pollution in Neighborhoods - All Toxic Chemicals (#272)
	 
	 
	 

	*Adds monitoring for criteria pollutants and hazardous air pollutants
	
	
	
	
	


	Table 4.  Summary of recommended available indicators, possible future indicators, and identified gaps for water quantity.   Recommended available indicators are classified as  "good" or  "potential" indicators.  Good available indicators (usable in current format) are noted in bold text.  Potential available indicators (requiring further evaluation, a modification or expansion) are noted in italics.  Possible future indicators included those with little or no data to evaluate their suitability.  Indicator record numbers (shown in brackets) are taken from the Indicators Evaluation Spreadsheet.

	Major Water Quantity Goals/Outcomes
	Indicator Category
	Recommended Available Indicators
	Possible Future Indicators (Phase 2)
	Identified Gaps

	
	
	Marine/ Nearshore Habitat
	Freshwater Habitat
	Marine/ Nearshore Habitat
	Freshwater Habitat
	Marine/ Nearshore Habitat
	Freshwater Habitat

	Water Supply
	 Ambient
	 
	Snow Pack (#25)
	 
	Winter Stream flow (#263)
	 
	 

	 
	Ambient
	 
	Glacier Mass Balance (#780)
	 
	Summer Stream flow (#263)
	 
	

	 
	 Ambient
	Stream Flow to PS (#24)
	 
	 
	Freshwater Habitat - Groundwater (#263)
	 
	 

	 
	Related to Land use
	 
	Annual maximum daily flow (#95d)
	 
	 
	 
	Identification of Flow Impairments

	 
	Related to Land use
	 
	Annual Mean Flow (#95a)
	 
	 
	 
	 

	 
	Related to Land use
	 
	TQmean –flow flashiness (#95b)
	 
	 
	 
	 

	 
	Related to Land use
	 
	Annual 7-day low flow (#95c)
	 
	 
	 
	 

	 
	Supporting fish and wildlife
	 
	 
	 
	 
	 
	Stream Flow and Fish Productivity

	 
	Supporting fish and wildlife
	 
	Violations of Ecology In-stream Flows (#93)
	 
	 
	 
	Low Flow Requirements for Aquatic Species

	Water Use
	 
	 
	 
	 
	 
	 
	Water Uses by Sector (domestic, agricultural industrial, non-revenue) by Basin

	Water Use
	 
	 
	 
	 
	 
	 
	Domestic Well Use (permit exempt)

	Water Related Hazards
	Flooding
	 
	Frequency of Flood Events (#267)
	 
	 
	 
	Area Floodplain Inundated Annually

	General
	 
	 
	 
	 
	 
	 
	Annual estimates water, supply, use, demand, and consumption. (water budget?)


	Table 5.  Summary of recommended available indicators, possible future indicators, and identified gaps for habitat.   Recommended available indicators are classified as  "good" or  "potential" indicators.  Good available indicators (usable in current format) are noted in bold text. Indicators with underlined text have not yet been evaluated.  Potential available indicators (requiring further evaluation, a modification or expansion) are noted in italics.  Possible future indicators included those with little or no data to evaluate their suitability.  Indicator record numbers (shown in brackets) are taken from the Indicators Evaluation Spreadsheet.

	Major Habitat Goals/ Outcomes
	Indicator Category
	Recommended Available Indicators
	Possible Future Indicators (Phase 2)
	Identified Gaps

	
	
	Marine/ Nearshore Habitats1 
	Freshwater Habitats 
	Terrestrial Habitats 
	Marine/ Nearshore Habitats1 
	Freshwater Habitats 
	Terrestrial Habitats 
	Marine/ Nearshore Habitats1 
	Freshwater Habitats 
	Terrestrial Habitats 

	Habitat Supporting Species/ Food webs
	Ambient Conditions
	marine parameters (#751)
	Freshwater Parameters (#78)
	 
	 
	Instream Habitat (#172)
	 
	Ocean Acidification
	 
	 

	 
	Ambient Conditions
	 
	Maximum Temperature (#620)
	 
	Priority Habitats - Condition (#682)
	Priority Habitats - Condition (#682)
	Priority Habitats - Condition (#682)
	 
	Saltwater intrusions
	Stream Oxygen

	 
	Ambient Conditions
	 
	 
	 
	 
	Clean & Cool water for salmon (#123)
	 
	 
	 
	 

	 
	Geo-physical Features
	Intertidal biotic community status and trends CR(#7)
	Physical Habitat (#78)
	 
	Nearshore physical and biotic habitats (#660)
	 
	 
	Beach Monitoring
	 
	 

	 
	Land Cover/ Use
	 
	 
	Old Growth Forest Change (#681)
	 
	 
	 
	 
	 
	 

	 
	Vegetated Structures 
	Eelgrass (#3)
	 
	 
	Marine Macro algae (#789)
	 
	 
	 
	 
	 

	 
	Vegetated Structures 
	Kelp( and Other Seaweeds #5)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Vegetated Structures 
	Saltmarshes (CR#6)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Salmon Barriers
	#Artificial Fish Barrier (#628)
	 
	 
	 
	 
	 
	 
	 

	 
	Salmon Barriers
	 
	Fish Passage Barriers Improvements (#100)
	 
	
	 
	 
	 
	 
	 

	Habitat to support Ecosystem Processes/ Function
	Geo-morphology
	
	 
	 
	 
	 
	 
	River Mouths Alterations
	 
	 

	 
	Geo-morphology
	Shoreline geo-morphology (#788)
	 
	 
	 
	 
	 
	Ecosystem Processes
	 
	 

	 
	Driver
	 
	 
	 
	 
	 
	 
	Effects Climate Change on Ecosystem Processes

	 
	Land Cover/ Use
	 
	 
	Transportation Impacts (#68)
	 
	 
	 
	 
	 
	 

	 
	Land Cover/ Use
	 
	 
	Terrestrial Land Cover Status and Trends (#CR#1)
	 
	 
	 
	 
	 
	Land Use

	 
	Natural Disasters
	 
	 
	Forests & Forestry #184)
	 
	 
	
	 
	 
	 

	 
	Soil Condition
	 
	 
	
	 
	 
	
	 
	 
	Soil Organic Matter

	 
	Sediment Input
	 
	Sediment Loadings Rate (# 73)
	 
	 
	
	 
	Sediment to Puget Sound
	 
	 

	Habitat to Support Ecosystems Processes & Species/ Food webs
	Habitat Modifications
	Shoreline Armoring (CR#4)
	Channel Armoring (#624)
	 
	Wildlife - Status and Trends in Restored Habitat (#749)
	 
	 
	Wetlands Restoration
	 
	 

	 
	Habitat Modifications
	 
	Floodplain Connectivity (#630)
	 
	 
	 
	 
	Shoreline Alterations
	 
	 

	 
	Land Cover/ Use
	Changes in Wetland Acreage (CR#2)
	 
	Changes in Wetland Acreage (CR#2) 
	 
	Physical Habitat Condition (#216)
	 
	 
	Riparian Report Card
	 

	 
	Land Cover/ Use
	 
	 
	Road Densities -erosion (#750)
	 
	Riparian Habitat (#171)
	 
	 
	 
	Un-fragmented blocks of land

	Habitat Not Impaired by Invasive species
	Non-native Species Effects
	Non-native Invasive  Aquatic Marine Species (#15)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Non-native Species Effects
	Non-native Invasive Species Threat (#154)
	
	
	
	 
	 
	 

	 
	Native Nuisance Species
	 
	 
	 
	Number Native Nuisance Species (#798)
	 
	 
	 

	1 Nearshore includes river mouths
	
	
	
	
	
	
	


	Table 6.  Summary of recommended available indicators, possible future indicators, and identified gaps for species and food webs.  Recommended available indicators are classified as  "good" or  "potential" indicators.  Good available indicators (usable in current format) are noted in bold text. Potential available indicators (requiring further evaluation, a modification or expansion) are noted in italics.  Possible future indicators included those with little or no data to evaluate their suitability.  Indicator record numbers (shown in brackets) are taken from the Indicators Evaluation Spreadsheet. Shaded cells contain indicators that are also cross-listed in the habitat and water quality indicator tables. NOTE: GAP ANALYSIS IS NOT COMPLETE: A FUTURE FOOD WEB ANALYSIS WILL BE USED TO REFINE GAPS IN MAJOR TAXONOMIC TAXA (SEE TEXT).

	Major Habitat Goals/ Outcomes
	Biological Organizational Level
	Recommended Available Indicators
	Possible Future Indicators (Phase 2)
	Identified Gaps

	
	
	Marine/ Nearshore Habitats
	Freshwater Habitats 
	Terrestrial Habitats 
	Marine/ Nearshore Habitats
	Freshwater Habitats 
	Terrestrial Habitats 
	Marine/ Nearshore Habitats
	Freshwater Habitats 
	Terrestrial Habitats 

	Viable Native Species/ Biodiversity
	Community
	Kelp & other Seaweeds (#5)
	 
	 
	Plankton (#793) 
	 
	Upland Plant Species (#231)
	Phyto-plankton
	Phyto-plankton
	Primary Producers

	 
	Community
	Saltmarshes (CR#6)
	 
	 
	Marine Macro Algae (#789)
	 
	 
	Zooplankton
	Zooplankton
	 

	 
	Community
	Marine Benthic In faunal Community Structure (#88)
	Benthic IBI-freshwater (CR#19)
	 
	 
	Macro Invert Assemblages -observed/ expected (#214b)
	Insect Species (#230)
	Macro Invertebrates
	Macro Invertebrates
	Macro Invertebrates

	 
	Community
	Groundfish Status & Trends (#18)
	 
	 
	 
	Fish Biomass/ Steam length (#632)
	 
	 
	 
	 

	 
	Community
	 
	 
	 
	Resident Fish Species  (#226)
	 
	 
	 
	 

	 
	Community
	Marine Bird Mortality (#680)
	 
	Terrestrial Breeding Bird Counts (#684c)
	 
	Amphibian & Reptile Species (#22)
	Bird Species (#228)
	 
	 
	 

	 
	Community
	Harbor Seals - Food Web Interaction (#675)
	 
	 
	 
	Mammal Species (#229)
	 
	 
	 
	 

	 
	Community
	Marine fish/ invertebrates at Rocky habitats (#739)
	 
	 
	 
	 
	 
	 
	 
	 

	 Viable Native Species/ Biodiversity
	Community
	Status and Trends in Marine fish/ invertebrate at Marine Reserves (#738)
	 
	Backyard wildlife population trends (#684b)
	 
	Aquatic Vertebrate IBI- freshwater (#214a)
	 
	 
	 
	 

	 
	Community
	Marine Species at Risk (#33)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Community
	Species Listed under Federal ESA (#147)
	Biodiversity Index (#677)
	 
	 
	 

	 
	Community
	Species of Concern on State list (#148)
	 
	 
	 
	 
	 
	 

	 
	Community
	Species of Conservation Concern (#149)
	 
	 
	 
	 
	 
	 

	Viable Native Species/ Biodiversity
	Population/ Species
	Eelgrass (#3)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Dungeness Crab Abundance (#730)
	Stillwater breeding amphibians  (#662)
	Taylor's Checkerspot Butterfly - Status and Trends (#688e)
	Macro Benthic Inverts (#795)
	 
	Terrestrial Plants - Status and Trends (#792)
	Other Crustaceans

	 
	Population/ Species
	Pinto abalone- Status and Trends (#20)
	 
	 
	Shellfish (#794)
	 
	 
	Other Mollusks
	 

	 
	Population/ Species
	Groundfish Species-Status and Trends by Species (#18a)
	 
	 
	Resident Fish Species  (#226)
	 
	 
	 
	 

	 Viable Native Species/ Biodiversity
	Population/ Species
	Pacific hake (& other midwater fish) - Status and Trends (#744)
	 
	 
	Number oyster culture sites (#762)
	 
	 
	 
	 
	 

	 
	Population/ Species
	Herring Stocks Status and Trends (#19a)
	 
	 
	Number of clam culture sites (#761)
	 
	 
	 
	 
	 

	 
	Population/ Species
	Total Number or Spawning Adult Salmonids- Hatchery and Wild Origin (CR#12)
	 
	Number of salmon net pens (#763)
	 
	 
	 
	 
	 

	 
	Population/ Species
	Total Run size of Salmonids -Hatchery and Wild Origin (CR#11)
	 
	Marine Growth and Survival of Juvenile Coho (#732)
	 
	 
	 
	 
	 

	 
	Population/ Species
	Recruits per spawner for Wild Origin Salmonids (CR#15)
	 
	Salmonid Population Spatial Structure (#790)
	 
	 
	 
	 

	 
	Population/ Species
	Salmonid Diversity (#791) 
	 
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Salmonid Population growth rate (#785)
	 
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Smolt to Adult Return (SAR) for Wild Salmonids Populations (CR#14)
	 
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Egg to smolt survival -Wild Origin Salmonid (CR#13)
	 
	 
	 
	 
	 
	 
	 

	 Viable Native Species/ Biodiversity
	Population/ Species
	Waterfowl Breeding Surveys (#764)
	 
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Waterfowl- Status and Trend of Midwinter Populations (#671g)
	Marbled Murrelet Presence at Occupied Sites (#688d)
	Western Sandpiper - Status and Trends (#614)
	 
	Cavity nesting birds - Trends (#688h)
	 
	 
	 

	 
	Population/ Species
	Marine/Shore Birds - Food Web Interactions (#672)
	 
	Band-tailed Pigeon Mineral Site Counts (#684d)
	Scoter and Harlequin Ducks - non breeding (#671a)
	 
	 
	 
	 
	 

	 
	Population/ Species
	PIGU Nesting Colony Trends (#670b)
	 
	 
	Marine Bird Fishing Mortality (#680a)
	 
	 
	 
	 
	 

	 
	Population/ Species
	Marine Birds - Status and Trends During Breeding Season (#670f)
	 
	 
	Glaucous Wing Gull Abundance at Nesting Colonies (#670c)
	 
	 
	 
	 
	 

	 
	Population/ Species
	Marine Bird Breeding Abundance (#599) 
	 
	 
	Cormorant Abundance at Nesting Colonies (#670j)
	 
	 
	 
	 
	 

	 Viable Native Species/ Biodiversity
	Population/ Species
	Marine Birds - aerial ests.  non breeding populations (#671b)
	 
	 
	Marine Birds  - shore based ests. non breeding populations (#671e)
	 
	 
	 
	 
	 

	 
	Population/ Species
	Black Oystercatcher Abundance at Nesting colonies  (#670a)
	 
	 
	Marine Birds - shore based ests. non breeding populations (#671j)
	 
	 
	 
	 
	 

	 
	Population/ Species
	Christmas Bird Counts (#684a)
	Great Blue Heron (#670i)
	 
	 
	 

	 
	Population/ Species
	Peregrine falcon nesting surveys (#688f)
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Bald Eagles Status and Trends (CR#10)
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Harbor Seals - Status and Trends (#674)
	 
	Mt Goat - Status and Trends  (#765)
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Southern Resident Orca Whale  Population Trends (#16)
	 
	Elk - Status and Trends (#684e)
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	 Gray Whale (#679b)
	 
	 
	 
	 
	 
	 
	 
	 

	 Viable Native Species/ Biodiversity
	Population/ Species
	Harbor Porpoise / Dall's Porpoise (#679a)
	 
	Deer Population - Status and Trends (#684f)
	 
	 
	 
	 
	 
	 

	 
	Population/ Species
	Species of Greatest Conservation Need (#687)
	 
	 
	 
	 
	 
	 

	Viable Native Species/ Biodiversity
	Organism
	Liver Disease in English sole (#7)
	 
	 
	Vtg Induction in Male Fish (#768)
	 
	 
	 
	 
	 

	 
	Organism
	 
	 
	 
	Star Protein/ DNA damage (#775)
	 
	 
	 
	 
	 

	 
	Organism
	Avian Flu (#680b) 
	 
	 
	 
	 
	 
	 

	Non-native1 Species Insignificantly Reduce Native Species Viability  & Impair Food Web Function
	Community
	Non-native Nearshore Species (#657)
	 
	 
	 
	Non-native Aquatic Freshwater Species (#678)
	 
	 
	 
	 

	Balanced, Viable & Ecosystem Based Harvest
	Populations/ Species
	Dungeness Crab Harvest (#729)
	 
	 
	 
	 
	 
	 
	 
	 

	 Balanced, Viable & Ecosystem Based Harvest
	Populations/ Species
	Harvest of Wild Salmonid Populations (CR#16)
	 
	 
	 
	 
	 
	 
	 

	 
	Populations/ Species
	Exploitation Rates of Wild Salmonid Populations (CR#17)
	 
	 
	 
	 
	 
	 
	 

	 
	Populations/ Species
	Marine fish (bottomfish) harvest (#741)
	 
	 
	 
	
	
	 
	 
	 

	 
	Populations/ Species
	Waterfowl marine harvest (#671c)
	 
	Game species harvest (#676a)
	 
	 
	 
	 
	 
	 

	1 substituted for the word non-native for invasive
	
	
	
	
	
	
	
	


	Table 7.  List of recommended available water quality indicators identified by the Technical Work Group.  Shaded cells contain indicators that are cross-referenced with the species and food-web indicators.

	Water Quality Topic
	Indicator Category
	Indicator Name
	Indicator Description
	 Habitat
	Indicator Status
	Evaluation Comments

	Toxics
	Toxics in Water & Sediment
	Chemical Contamination in Puget Sound Sediments  (#87a)
	Sediment chemical contamination compared with WA State Sediment Management Standards and National sediment criteria.
	Marine/ Nearshore 
	Good
	Puget Sound indicator development - Phase 2 - should include revision of the Washington State Sediment Quality Standards based on new data and information. Combine King County  and Ecology (records87a, 582).

	Toxics
	Toxics in Water & Sediment
	Toxics in Water (#170) 
	Long-term records (10+ years) by King County in Longfellow, Piper's, and Thornton; Ecology recently monitoring Fauntleroy
	Freshwater
	Potential indicator-evaluate
	" good"-fair-poor" slider method unclear. Toxicity assessment based on metals and unionized ammonia. EXPAND/ MODIFY

	Toxics
	Toxics in Water & Sediment
	Acute Toxicity in Puget Sound Sediments (#87)
	Sediment toxicity compared with WA State Sediment Management Standards and other toxicological critical values.
	Marine/ Nearshore 
	Potential indicator-evaluate
	Suite of acute bioassay is best to evaluate  impacts; should include revision of the Washington State Sediment Quality Standards for toxicity based on new data and information. Variability associated with different bioassays must be evaluated.  Combine data from Ecology and King County.

	Toxics
	Toxics in Biota
	Toxics In Harbor Seals (#6)
	Concentrations of toxic contaminants (PCBs, PBDE) in seal tissue
	Marine/ Nearshore 
	Potential indicator-expand
	More sites are needed for Puget Sound. Currently not funded.

	Toxics
	Toxics in Biota
	Toxics in marine pelagic fish  (#4a)
	Concentrations of toxic pollutants (PCBs, PBDEs) in whole body samples of Pacific Herring (main indicators) with implications for the food web (e.g. contaminants in salmon).
	Marine/ Nearshore 
	Good-reinstate
	Measure of toxics in whole body Pacific herring (main indicator), and less frequently reports on toxics in Chinook and coho salmon. Number of herring stations has been reduced: reinstate and expand to Hood Canal. Currently, no sampling for Chinook, few locations for coho.  High variability of chemical conc. in Chinook (less for coho) likely associated with residency in Puget Sound.  

	Toxics
	Toxics in Biota
	Toxics in marine benthic fish (4b)
	Concentrations of toxic pollutants (PCBs, PBDEs) in English sole (main indicator species) pus food web effects ( e.g. contaminants in rockfish and lingcod )
	Marine/ Nearshore 
	Good-reinstate
	In 2001, number of English sole stations was reduced from 43 to 8; current spatial scope is too small; EXPAND

	Toxics
	Toxics in Biota
	Contaminants in Whole Fish 
	Measures whole fish chemistry: metals, PAHs, PCBs, DDT and other Chlorinated Pesticides.
	Marine/ Nearshore 
	Potential indicator-evaluate
	EMAP surveys in Puget Sound…whole fish chemistry is new.  Whole fish chemistry needs to be evaluated to see if data need to be corrected by fish size. Most useful for English sole.

	Toxics
	Toxics in Biota
	Toxics in clams (#770)
	Measurements of contaminant levels in clam tissues collected by DOH and King County in the mid 1990s.    Data were collected for human health studies but could be used for clam health if thresholds exist. 
	Marine/ Nearshore 
	Potential indicator-evaluate/modify
	DOH and King County completed studies in the mid-90s but discontinued sampling in part because of low number of detects for organic compounds and variability of  metals data, possibly associated with inconsistent species being sampled.  Data would also be used for consumption advisories (see human heath indicators) but updated risk assessments would need to be completed. 

	Toxics
	Toxics in Biota
	Toxics in Mussels (#5)
	Concentrations of toxic contaminants (PAHs, PCBs, mercury) in mussel tissue
	Marine/ Nearshore 
	Potential indicator-expand
	Mussel Watch exists for Puget Sound, however, number of sites is limited and may monitoring may be discontinued!  Non-random sampling design. EXPANDED SCOPE NEEDED FOR PSP

	Toxics
	Toxics in Biota
	Toxics in Osprey Eggs (#604)
	Monitored the levels of three toxin groups found in Osprey eggs: industrial organochlorines (dioxins, furans and PCBs), organochlorine pesticides (DDE, dieldrin, chlordane and toxaphene) and mercury. 
	Marine/ Nearshore 
	Potential indicator-expand
	Only 2 stations are sampled in Puget Sound? EXPAND

	Toxics
	Toxics in Biota
	Toxics in Juvenile salmon (#773)
	Concentrations of toxic pollutants (PCBs, PBDEs) in whole body samples of juvenile Chinook salmon from hatcheries, rivers and estuaries.   
	Marine/ Nearshore, Freshwater 
	Potential indicator-expand
	Various references must be pulled together. EXPANDED SCOPE NEEDED FOR PSP

	Toxics
	Toxics in Biota
	Fish Tissue Contaminants Index (#92)
	73 sites in PS estuarine area in 1999-2000.  Measured deviation from EPA Advisory Guidance Values 
	Marine/ Nearshore 
	Potential Indicator-modify
	Whole body samples of fish analyzed for contaminants, therefore not suitable for human health.  Some problems interpreting data as species, sizes and ages vary among locations. Possibly combine these data with other Puget Sound datasets (e.g. ENVEST and WDFW).

	Toxics
	Toxics in Biota
	Toxics in Freshwater Fish -multiple sources (#772)
	Concentrations of toxic contaminants (PAHs, PCBs, mercury) in freshwater fish tissues.  These date are used to estimate impacts to fish health and are used to set fish consumption advisories (see Human Health indicators).
	Freshwater
	Potential indicator-modify/expand
	Additional effort is need to gather multiple independent data sources (mostly DOE and DOH).  No set sampling design exists.

	Toxics
	Loadings and Transfers
	Toxic in Biosolids from WWTP (#774)
	 
	Marine/ Nearshore, Freshwater 
	Potential indicator-evaluate/expand 
	Currently Hg levels monitored for trends. EXPAND for other compounds; Trends in water quality; measure of indirect loading 

	Toxics
	Loadings and transfers
	Oil Spills (#8)
	Volume and number of oil spills in Puget Sound
	Marine/ Nearshore 
	Good
	Currently used as an indicator

	Toxics
	Exposure Effects
	Liver Disease in English sole (#7)
	Average risk for English sole 1) developing liver lesions and 2) exposure to PAHs at selected locations. Data collected by WDFW, NOAA 17 years
	Marine/ Nearshore 
	Good-reinstate
	Good indicator for localized impact associated with PAHs exposure; number of stations reduced from 43 to 8; has relevant physiological basis

	Toxics
	Exposure Effects
	Marine Benthic In faunal Community Structure (#88)
	Analyzed samples for diversity and abundance in nine calculated indices.  --300 sites throughout PS during 1997-1999. Purpose is to summarize the info on geographic patterns and spatial extent of degraded sediment quality over the entire study area.
	Marine/ Nearshore
	Good
	Individual Benthic In faunal Indices are currently calculated as indices of the health of benthic communities in PS.  This is one leg of the Sediment Quality Triad.  Puget Sound Index development - Phase 2 - should include refinement of Benthic In faunal indices.

	Toxics
	Exposure Effects
	Sediment Quality Triad Index (#86)
	Analyze samples for ~150 chemical and physical variables for comparison with sediment quality standards established for  WA state and informal guidelines derived for NOAA.  --300 sites throughout PS during 1997-1999. 
	Marine/ Nearshore 
	Potential Indicator-modify
	There is a strong need for a integrative indicator for sediment quality that includes multiple stressor.  Current indicator has 2 toxics measure plus biotic community.  Phase 2 must determine adequate parameters for inclusion!!!  

	Seafood safety
	Ambient Conditions
	Fecal Pollution Index for Commercial Shellfish beds (#166)
	Fecal Pollution Index status for 1,335 stations and 97 commercial shellfish growing areas in Puget Sound
	Marine
	Good
	Limited to commercial beds; Similar indicator needed for recreational beds; Incorporate King County data  from record 42;  DOH management favors record 10 instead of record 166.

	Pathogens
	Ambient Conditions
	Fecal Bacteria-  Streams (#169)
	Long-term records (10+ years) by King County in Longfellow, Piper's, and Thornton; Ecology recently monitoring Fauntleroy
	Freshwater
	Potential indicator-expand
	Limited to King County Urban Streams: Several small KC streams: Compared to standards. EXPANDED SCOPE NEEDED FOR PSP

	Pathogens
	Ambient Conditions
	Fecal Bacteria at Lake Swimming Beaches (#44b)
	Levels of fecal bacteria at swim beaches in large lakes
	Freshwater 
	Potential indicator-expand
	Measures fecal coliform in KC lakes. Threshold provided. EXPANDED SCOPE NEEDED FOR PSP

	Pathogens
	Ambient Conditions
	Fecal Bacteria at Lake Non-Swimming Beaches (#44d)
	Levels of fecal bacteria at non-swim beaches (ambient) in large lakes.
	Freshwater 
	Potential indicator-expand
	Measures fecal coliform in KC lakes. EXPANDED SCOPE NEEDED FOR PSP

	Pathogens
	Loadings and Transfers
	Microbial Pollution Assessment (Sinclair-Dyes Inlet) (#209)
	Comprehensive assessment of fecal coliform contamination 2001-2005. Identified sources, other effects, modeled distribution, and assessed threats to shellfish harvest and recreation.
	Marine/ Nearshore, Freshwater 
	Potential indicator-expand
	Indicator of load of fecals to Sinclair Inlet. This effort would need to be expanded for use by PSP.

	Nutrients
	Ambient Conditions
	Nutrients in Marine Waters (#784)
	Ecology monitoring at 39 sites since 1967 - sampling fecal coliform, nitrogen, ammonium, DO, temp, salinity, PH etc. Plus King county data for the same parameters
	Marine/ Nearshore 
	Good
	Monthly record available for trend at many locations

	Nutrients
	Ambient Conditions
	Sensitivity to Eutrophication (#41) 
	Index developed to assess levels of eutrophication sensitivity at stations in Puget Sound & the coast. Includes measures of density stratification based on salinity & temperature, dissolved inorganic nitrogen availability and dissolved oxygen evaluated in the context of physical dynamics such as circulation & residence time.
	Marine/ Nearshore, Freshwater 
	Potential indicator-evaluate
	Concerns raised by the TWG about the robustness and sensitivity of this indicator; further evaluation is needed; Coordinate with King County re similar data (record 41a); recent data available. 

	General
	Ambient Conditions
	Water Quality-DO/temp (#168)
	Long-term records (10+ years) by King County in Longfellow, Piper's, and Thornton; Ecology recently monitoring Fauntleroy
	Freshwater
	Potential indicator-expand
	Limited to King County Urban Streams: Several small KC streams: Compared to standards.  EXPANDED SCOPE NEEDED FOR PSP 

	Nutrients
	Ambient Conditions
	Phosphorous levels in large lakes (#44c)
	The distribution Carson's Trophic State Index  (Phosphorous TSI value) for small lakes is reported for KC lakes.  Phosphorous TSI provides a good indication of a lake’s biological activity, which is influenced by a variety of factors, both natural (including watershed size, lake depth and climate) and man-made (including land development, increases in impervious land surfaces and the introduction of sewage to a lake).
	Freshwater 
	Potential indicator-expand
	Data available for King County and would need to be collected for other counties to be suitable as a PSP indicator.

	Nutrients
	Ambient Conditions
	Phosphorous levels in small lakes (#44a)
	The distribution Carson's Trophic State Index  (Phosphorous TSI value) for small lakes is reported for KC lakes.  Phosphorous TSI provides a good indication of a lake’s biological activity, which is influenced by a variety of factors, both natural (including watershed size, lake depth and climate) and man-made (including land development, increases in impervious land surfaces and the introduction of sewage to a lake).
	Freshwater 
	Potential indicator-expand
	Data available for King County and would need to be collected for other counties to be suitable as a PSP indicator.

	Nutrients
	Loadings and Transfers
	Nutrient Loadings in Rivers to Puget Sound #246)
	Analyzed existing data to produce daily time series of flows and loads from discrete watershed inflow points and then compare loads among watersheds.  Parameters: nitrate/nitrate, ammonia, organic N, orthophosphate, organic P, total P, fecal coliform bacteria…
	Marine/ Nearshore 
	Potential indicator-evaluate/expand 
	Mindy and Greg report based on existing data . Similar to #210 and could be combined; stats-need runoff event monitoring for accurate assessment 

	General
	 
	Marine Water Quality parameters (#782)
	Ecology monitoring at 39 sites since 1967 - sampling fecal coliform, nitrogen, ammonium, DO, temp, salinity, PH etc. King county has data for the same parameters.
	Marine/ Nearshore 
	Good
	Monthly record available for trend at many locations

	General
	 
	Water Quality parameters-streams (CR#9) 
	Measure Temp, Total Nitrogen and Total Phosphorus, DO, pH, Conductivity, Turbidity, Total suspended solids, Chloride, Fecal coliform in streams and rivers
	Freshwater
	Good
	Existing monitoring program at DOE and King County and possible other should be combined

	General
	 
	Water Quality Index (#96)
	WQI is a tool to summarize and report Ecology's Freshwater Monitoring Unit's routine stream monitoring data. Is a unit less number ranging from 1 to 100; a higher number is indicative of better water quality. Scores are determined for temperature, pH, fecal, etc.  
	Freshwater
	Potential indicator-evaluate/expand
	WQI used for Ecology should be compared with WQI used for King County (record 45) and Fraser Basin (record 191) and data combined if feasible.  Unknown and Methods for calculating a WQI; DOE's WQI is has long tern data for 62 rivers and mixed spatial coverage on smallest streams.

	General
	 
	Water Quality Concern (CR#18)
	Index of marine water quality based on several metrics associated with nutrients and pathogens including measures of  fecal coliform, nitrogen, ammonium, DO and stratification. Both Ecology and King County DNR have an index, however they are calculated differently.
	Marine/ Nearshore, Freshwater 
	Potential Indicator-evaluate/modify
	Statistical properties need to be evaluated; integration of individual parameters needs to be evaluated in Phase 2!; Modify such that record 1 from Ecology and record 403 from King County can be combined.


	Table 8.  List of recommended available human health indicators identified by the Technical Work Group.

	Human Health Topic
	Indicator Category
	 Indicator Name
	Indicator Description
	Habitat 
	Indicator Status
	Evaluation Comments

	Air Quality
	 Ambient Conditions
	Air Quality Index - # good days (#271a)
	Number of good and moderate air quality days based on WAQA. The pollutants included in WAQA are ground-level ozone, fine particle ....WAQA is very similar to the Environmental Protection Agency’s (EPA’s) national information tool, the Air Quality Index (AQI) except WAQA shows the health effects of PM2.5 at lower levels than the AQI does. 
	Upland
	Good
	Must decide to use either WAQA or AQI to report  # good days.  WAQA favored because it is more protective.

	Air Quality
	 Ambient Conditions
	Air Quality-particulates (#28)
	Inhalable particulates in air (measured as PM2.5 levels)  [Note decrease from PM10 in 2002 report)
	Upland
	Good
	 PM is one measure of air quality measured in 271/ 271a;Scope?

	Drinking Water
	 Drinking Water
	Drinking Water Quality (#540)
	Percentage of public water supply sources with elevated nitrate; percentage of sources with significant changes in nitrate levels
	Freshwater
	Good
	Report of elevated nitrate in public water supplies; Expand to pharmaceuticals other parameters, improve det.. Limits and incorporate private wells, use data from all existing public systems;

	Drinking Water
	 Drinking Water
	Groundwater for Drinking Quality (CB#8)
	Levels of arsenic and nitrate-nitrogen concentration across WA
	Freshwater
	Potential indicator-evaluate/ expand
	Several data source must be combined to generate data on elevated nitrate; method bias will need to be addressed;

	Seafood safety
	Biotoxins- Shellfish Closures 
	Shellfish Closures for PSP (#757)
	 
	 
	Good
	Causes for blooms are not understood but monitoring trend may yield useful information in the future.

	Seafood safety


	Biotoxins-Shellfish Closures 
	Domoic Acid Contaminant Levels (#201)
	Species indicator for domoic acid exposure and concentrations that will not cause adverse effects. 
	Marine
	Good
	Causes for blooms are not understood but monitoring trend may yield useful information in the future.

	Seafood safety
	Biotoxins-Shellfish Closures
	Acres and trends in Commercial Shellfish Growing Area Closed for Bacterial Contamination (#10)
	Acres of shellfish growing areas that had closures due to bacteria (e.g. fecal coliform) levels
	Marine
	Good
	Limited to commercial beds;  Similar indicator needed for recreational beds; Report record 10 or record 166 ? 

	Seafood safety
	Toxics-Fish/ Shellfish Consumption Advisories 
	Marine Fish Consumption Advisories- # Meals/ Week by species/area (#198)
	Analyzed WDFW fish tissue data to determine long-term trends in contaminant (PCB and mercury) levels in PS fish (rockfish, English sole, salmon). Includes dietary recommendations for human health
	Marine
	Good-reinstate
	Limited number of species was evaluated and spatial coverage of individual species has declined since assessment. DATA IS NOT CURRENTLY COLLECTED DUE TO FUNDING CUTS.

	Seafood safety
	Toxics-Fish/ Shellfish Consumption Advisories
	Shellfish Consumption Advisory- # Meals clams/ Week by species/area (#760)
	Measurements of contaminant levels in clam tissues collected by DOH and King County in the mid 1990s for human health studies. Number of meals per week would be determined by DOH based on contaminant levels in clams.
	Marine
	Potential indicator-evaluate/ modify
	DOH and King County completed studies in the mid-90s but discontinued sampling in part because of low number of detects for organic compounds and variability of  metals data, possibly associated with inconsistent species being sampled.  Updated risk assessments would need to be completed. 

	Seafood safety
	Toxics-Fish/ Shellfish Consumption Advisories
	Freshwater Fish Consumption Advisories- # Meals/ Week by species (# 759)
	Whole body fish tissue and fillet collected for various lakes.  This data includes a 2001-2003 Lake Washington study for cutthroat trout, northern pike minnow, yellow perch, smallmouth bass, Sockeye salmon; analyzed for chlordane, DDT, mercury, and PCBs and various other studies.  Sampling design is haphazard such that summaries by Action Area are not feasible at this time.
	Freshwater
	Potential indicator-modify/ expand
	VERY IMPORTANT - NEEDS TO BE EXPANDED; Sampling Design needs to be modified as to better reflect  spatial differences

	Other Uses
	Pathogens-Swimming Beaches Closures
	Percent of swimming beaches that meet safe swimming standards at all times during the summer (#9)
	Number of recreational swimming beaches that exceeded state water quality standards for enterococci bacteria
	Nearshore and estuarine   Freshwater
	Potential indicator-modify/ expand
	 Improve data analysis. Concerns with use of pathogen indicators…fecal coliform appears to be more protective of human health; Expand to year round if problems are addressed


	Table 9. List of recommended available water quantity indicators identified by the Technical Work Group.

	Water Quantity Topic
	Indicator Category
	Indicator Name
	Indicator Description
	Habitat 
	Indicator Status
	Evaluation Comments

	 Water Supply
	Ambient
	Snow Pack (#25)
	Snow pack measurements taken on April 1 (roughly peak snow pack date) 
	Freshwater
	Good
	High, but other snow measures may be as important or more important

	  Water Supply
	Ambient
	Glacier Mass Balance (#780)
	 
	Freshwater
	Good
	High, USGS South Cascade Glacier measurements

	  Water Supply
	Ambient
	Stream Flow (#24)
	Average daily freshwater inflow into Puget Sound from nine major rivers
	Freshwater and Marine/Nearshore
	Potential indicator-expand
	EXPANDED SCOPE NEEDED FOR PSP

	  Water Supply
	Related to Land use
	Annual maximum daily flow (#95d)
	Annual streamflow stats from 10 selected streams in the PS basin analyzed to identify possible hydrologic trends associated with urban development and to evaluate the effect of record length on errors in trend analysis.  
	Freshwater
	Potential indicator-evaluate/expand 
	Could also be instantaneous peak

	  Water Supply
	Related to Land use
	Annual Mean Flow (#95a)
	Annual stream flow stats from 10 selected streams in the PS basin analyzed to identify possible hydrologic trends associated with urban development and to evaluate the effect of record length on errors in trend analysis.  Common stream flow statistics 1) an
	Freshwater
	Potential indicator-expand
	Annual Mean Flow data Is available for may rivers (e.g. 114 for USGS record 94) but analysis should be expanded as per record 95a to go beyond urbanized streams to include representative sites for all of the Sound. EXPANDED SCOPE NEEDED FOR PSP

	  Water Supply
	Related to Land use
	TQmean -flow flashiness (#95b)
	Annual stream flow stats from 10 selected streams in the PS basin analyzed to identify possible hydrologic trends associated with urban development and to evaluate the effect of record length on errors in trend analysis.  
	Freshwater
	Potential indicator-expand
	EXPANDED SCOPE NEEDED FOR PSP

	  Water Supply
	Related to Land use
	Annual 7-day low flow (#95c)
	Annual stream flow stats from 10 selected streams in the PS basin analyzed to identify possible hydrologic trends associated with urban development and to evaluate the effect of record length on errors in trend analysis.  
	Freshwater
	Potential indicator-expand
	EXPANDED SCOPE NEEDED FOR PSP

	 Water Supply
	Support Fish and Wildlife
	Violations of Ecology In-stream Flows (#93)
	Ecology program administering stream flow regulations that manage water resources and habitats for both the natural environment and human uses.  Rules specify the amount of water needed in a particular place for a defined time, and typically follow season
	Freshwater
	Potential indicator-modify/expand
	Scope—In-stream flows have not been established on all streams, flow data may not be available on all streams with in-stream flows, modify to show the number of violations of in-stream flow; high

	Water Related Hazards
	Flooding
	Frequency of Flood Events (#267)
	Listed parameters represent those identified as important areas of impact by technical committees; not published indicators per se but data likely exist; need to get specifics on source, location
	Freshwater
	Good-develop
	Need long-term data to evaluate trends, med.


	Table 10.  List of recommended available habitat indicators identified by the Technical Work Group. Indicators denoted with a “?” status have not yet been evaluated.

	Habitat Topic
	Indicator Category
	Indicator Name
	Indicator Description
	Habitat 
	Indicator Status
	Evaluation Comments

	Habitat Supporting Species/ Food webs
	Ambient Conditions
	Marine parameters (#751)
	Salinity, pH, etc.
	Marine
	Good
	Includes individual parameters measured by DOE and King County as part of their Marine Water Quality Index

	Habitat Supporting Species/ Food webs
	Ambient Conditions
	Maximum Temperature (#620)
	Primary indicator. 7-day moving average of the daily maximum stream temperature between June and September. Seattle Public Utilities and Stillwater Science, 2007.
	Freshwater
	Potential indicator-modify/expand
	Multiple sources of this indicator exist but objectives and statistical design vary throughout the region. Correlates well with air temperature. More coordinated regional sampling design may be needed. 

	Habitat Supporting Species/ Food webs
	Geo-physical Features
	Intertidal biotic community status and trends (CR#7)
	Test of SCALE (Shoreline Classification and Landscape Extrapolation) Model that proposes to link geophysical features and actual epiflora, fauna, and in fauna as measured by field collection within three intertidal zones.   Object is to quantify shoreline habitats in PS.
	Nearshore
	Potential indicator-expand
	Measures status and trends in intertidal communities at sites on Puget Sound. Similar to analysis of benthic communities in subtidal samples by Department of Ecology.   Epibiota and in fauna

	Habitat Supporting Species/ Food webs
	Geo-physical Features
	Physical Habitat and freshwater parameters (#78)
	Collection of stream habitat attributes: thalweg depth, pool depth, pool type, side channel length, edge habitat, large woody debris #, percent slope, sinuosity, substrate size, percent embeddedness, bank undercut, bankfull width, wetted width, bankfull ...
	Freshwater
	Good
	Combine this ref with Rec, Conser, Office Form on Monitoring

	Habitat Supporting Species/ Food webs
	Land Cover/ Use
	Old Growth Forest Change (#681)
	Change in amount of old growth 
	Terrestrial
	Good
	Older data, needs to be updated

	Habitat Supporting Species/ Food webs
	Salmon Barriers
	#Artificial Fish Barrier (#628)
	Primary indicator. # of barriers caused by culverts, weirs, and man-made gradient changes. Seattle Public Utilities and Stillwater Science, 2007.
	Freshwater
	Potential indicator-evaluate
	Total # barriers may be under reported and some repaired barriers may not have been removed from the list.  Must update regularly if data is to be useful!; see SHIAPP database 

	Habitat Supporting Species/ Food webs
	Salmon Barriers
	Fish Passage Barriers Improvements (#100)
	Estimated # of barriers corrected statewide in a given year.  Estimated # of miles opened as a result.  2000-2006
	Freshwater
	Potential indicator-modify
	Miles of stream restored ton anadromy does not adequate describe increased production; better indicator of distribution; MODIFY to assess area opened!

	Habitat Supporting Species/ Food webs
	Vegetated Structures 
	Eelgrass (#3)
	Status and trends in areal extent of eelgrass throughout greater Puget Sound, and within regions and sites.
	Nearshore 
	Good
	Does not consider habitat function.

	Habitat Supporting Species/ Food webs
	Vegetated Structures 
	Kelp(#5)
	Status and trend in kelps (mostly canopy forming).
	Nearshore 
	Potential indicator-evaluate
	Multiple data sources for status and trends information within the region. Trends information predominantly for canopy-forming kelp on Strait of Juan de Fuca and Outer Coast. No single existing program for greater Puget Sound.

	Habitat Supporting Species/ Food webs
	Vegetated Structures 
	Saltmarshes (CR#6)
	Status and trends in saltmarsh habitat.
	Nearshore 
	Potential indicator-evaluate
	Multiple data sources for status and trends information within the region. No single existing program for greater Puget Sound (e.g. covered once in ShoreZone- see record 660)

	Ecosystem Processes/ Function
	Geomorphology
	Shoreline geomorphology (#788)
	Analysis is based on historical inventory data and derived modern inventory data (i.e.., 660). Long term program to assess trends is needed.
	Nearshore 
	Potential indicator-evaluate
	Important new indicator. Being assessed in current effort by the Puget Sound Nearshore Partnership. 

	Ecosystem Processes/ Function
	Land Cover/ Use
	Terrestrial Land Cover Status and Trends - forest, agricultural, urban, impervious surface (#CR#1)
	This single indicator record represents multiple terrestrial land cover indicators. The data sources listed represent a small subset of available data; coordination and effort will be needed to more fully use this extensive and diverse information sources; address status and trends in terrestrial land cover. We recommend that experts in this topic area convened to review data sources in more depth and identify specific terrestrial land cover indicators. 
	Terrestrial
	Good-coordinate
	This single indicator record represents multiple terrestrial land cover indicators. The data sources listed represent a small subset of available data; coordination and effort will be needed to more fully use this extensive and diverse information sources; address status and trends in terrestrial land cover. We recommend that experts in this topic are convened to review data sources in more depth and identify specific terrestrial land cover indicators. 

	Ecosystem Processes/ Function
	Land Cover/ Use
	Transportation Impacts (#68)
	Miles of road by type and road crossings within one mile of historically anadromous salmonid streams, floodplains, and marine shorelines
	All
	Good-coordinate
	Currently used by USFS  PNW region 6; get references; see AREMP; PIBO

	Ecosystem Processes/ Function
	Natural Disasters
	Forests & Forestry #184)
	Includes 1) Acres of forest affected by mountain pine beetle, 2) Community economy measured by Forest Vulnerability Index, 3) Area of forest disturbed and subsequently restocked
	Terrestrial
	?
	Changes in Pine beetle abundance are related to climate change.

	Ecosystem Processes/ Function
	Sediment Input
	Sediment Loadings Rate (# 73)
	Change in sediment loading rates
	Freshwater
	?
	Methodology?

	Ecosystems Processes & Species/ Food webs
	Habitat Modifications
	Channel Armoring (#624)
	Primary indicator. % of channel length armored. Seattle Public Utilities and Stillwater Science, 2007.
	Freshwater
	Potential indicator-expand
	Is this covered by the record 78?;EXPANDED SCOPE NEEDED FOR PSP

	Ecosystems Processes & Species/ Food webs
	Habitat Modifications
	Floodplain Connectivity (#630)
	Secondary indicator. Based on channel or floodplain morphology, connectivity measurements such as channel width to depth ratios allow for understanding streambed erosion and resulting channel incision. Seattle Public Utilities and Stillwater Science, 2007.
	Freshwater
	Potential indicator-expand
	River History Project is used to estimate historical floodplain connectivity. Mostly descriptive analysis but rigorous methods are used Provides a measure of potential restoration to geomorphologic function.

	Ecosystems Processes & Species/ Food webs
	Habitat Modifications
	Shoreline Armoring (CR#4)
	Percent of armored (seawall or riprap) marine shoreline
	Nearshore 
	Potential indicator-evaluate
	Amount of armored (seawall or riprap) marine shorelines. Multiple inventories exist. No existing trend detection program.

	Ecosystems Processes & Species/ Food webs
	Land Cover/ Use
	Changes in Wetland Acreage (CR#2)
	Status and trends in wetlands mapped according to the National Wetlands Inventory (Cowardin 1979), which includes riverine, palustrine, lacustrine, marine and estuarine wetlands.
	All
	Potential indicator-evaluate/ expand
	National program. Need to evaluate sufficiency for Puget Sound area; temporal scope affects validity and feasibility. Focus here is primarily freshwater with some coverage of intertidal features. Limited nearshore data for change detection and inventory.

	Ecosystems Processes & Species/ Food webs
	Land Cover/ Use
	Road Densities (#750)
	Used mostly with forest lands as a indicator of erosion and habitat fragmentation.
	Terrestrial
	Good
	Used mostly with forest lands as a indicator of erosion and habitat fragmentation.

	Habitat Impairment Associated with Invasive species
	Non-native Species Effects
	Non-native Invasive Species Threat (#154)
	Number of rare native species that are impacted or threatened by invasive, non-native species
	All
	?
	 

	Habitat Impairment Associated with Invasive species
	Non-native Species Occurrence
	Non-native invasive  Aquatic Marine Species (#15)
	Presence and area coverage of aquatic nuisance species (non-native) 1) tunicates (sea squirts) and 2) spartina
	Marine & Nearshore
	Potential indicator-expand
	Currently used as an indicator; EXPANDED SCOPE NEEDED FOR PSP


	Table 11. List of Recommend Available species and food web indicators identified by the indicators technical working group. Shaded cells contain indicators that are cross-referenced with the habitat and water quality indicator tables.

	Species Goal/ Outcome
	Biological Organizational Level
	Indicator Name (Record#)
	Indicator Description (updated)
	Ecosystem Habitat Type 
	Indicator Status
	Evaluation Comments

	Viable native Species/ Biodiversity
	Community
	Kelp (#5)
	Status and trend in kelps (mostly canopy forming).
	Nearshore 
	Potential indicator-evaluate
	Multiple data sources for status and trends information within the region. Trends information predominantly for canopy-forming kelp on Strait of Juan de Fuca and Outer Coast. No single existing program for greater Puget Sound.

	Viable native Species/ Biodiversity
	Community
	Saltmarshes (CR#6)
	Status and trends in saltmarsh habitat.
	Nearshore 
	Potential indicator-evaluate
	Multiple data sources for status and trends information within the region. No single existing program for greater Puget Sound (e.g. covered once in ShoreZone- see record 660).

	Viable native Species/ Biodiversity
	Community
	Benthic IBI-freshwater (CR#19)
	Measures benthic macro invertebrate communities throughout streams [reported as Benthic Index of Biotic Integrity (B-IBI)] as a general measure of stream health. Useful to rank stream quality for streams of like size/habitat.
	Freshwater
	Potential Indicator-expand
	Expand used of Benthic IBI in freshwater streams. Currently B-IBI is used by King and Clallam (??) counties and City of Seattle but little data exists for other regions.  Protocols have been developed (e.g., PNAMP- see record #247).  

	Viable Native Species/ Biodiversity
	Community
	Marine Benthic In faunal Community Structure (#88)
	Analyzed samples for diversity and abundance in nine calculated indices.  --300 sites throughout PS during 1997-1999. Purpose is to summarize the info on geographic patterns and spatial extent of degraded sediment quality over the entire study area.
	Marine/ Nearshore
	Good
	Individual Benthic In faunal Indices are currently calculated as indices of the health of benthic communities in PS.  This is one leg of the Sediment Quality Triad.  Puget Sound Index development - Phase 2 - should include refinement of Benthic In faunal indices.

	Viable Native Species/ Biodiversity
	Community
	Groundfish Status and Trends (#18)
	Measures percent of Puget Sound groundfish stocks that are increasing, declining, and stable stocks over time as a indicator of stock status.
	Marine/ Nearshore
	Potential indicator-evaluate
	single summary metric

	Viable Native Species/ Biodiversity
	Community
	Terrestrial Breeding Bird Counts (#684c)
	Measures numbers of breeding birds (by species) in terrestrial habitats as an indicator of seasonal abundance and distribution.
	Terrestrial
	Good
	High for terrestrial, does not include marine and shorebirds

	Viable Native Species/ Biodiversity
	Community
	Marine Bird Mortality (#680)
	Measures counts of dead beached birds (all species- COASST surveys) as an indicator of bird widespread mortality.
	Marine/ Nearshore
	Good
	Increase scope, good at documenting large die-off events

	Viable Native Species/ Biodiversity
	Community
	Harbor Seals - Food Web Interaction (#675)
	Measure harbor seal diet and prey as an indicator of trophic and foodweb relationships.  Data set exists for south. Puget Sound, Hood Canal and San Juan Islands.
	Marine/ Nearshore
	Potential indicator-evaluate/expand 
	Few years of data; useful for status but would need to be expanded for trends.

	Viable Native Species/ Biodiversity
	Community
	Species Listed under Federal ESA (#147)
	Number of species in WA that are listed (40 species currently)
	All
	Good
	Several Species of Concern Indicators exist… regional agreement of which ones to use is needed. 

	Viable Native Species/ Biodiversity
	Community
	Species of Concern on State list (#148)
	Number of species in WA that are considered species of concern by WDFW and WDNR (over 500 currently)
	All
	Good
	Several Species of Concern Indicators exist; regional agreement of which ones to use is needed. 

	Viable Native Species/ Biodiversity
	Community
	Species of Conservation Concern (#149)
	Number of species in WA of conservation concern (classified by Nature Service: critically imperiled globally, imperiled globally, vulnerable globally) compared with global conservation concern.
	All
	Good
	Several Species of Concern Indicators exist. Regional agreement of which ones to use is needed. 

	Viable Native Species/ Biodiversity
	Community
	Marine Species at Risk (#33)
	Number of species, by major taxa, that are threatened/ endangered/ candidate.
	Marine/ Nearshore
	Good
	Currently used as an indicator for marine systems.

	Viable Native Species/ Biodiversity
	Community
	Status and Trends in Marine fish/ invertebrate at Marine Reserves (#738)
	Abundance, size, and species composition data from San Juan Islands and CPS marine reserve areas, compared with fished areas. 
	Marine/ Nearshore
	Good
	Combine records for 737 and 738; High value, excellent coverage for marine reserves- covers most Action Areas; expand to other areas as needed

	Viable Native Species/ Biodiversity
	Community
	Marine fish/invertebrates at Rocky habitats (#739)
	Abundance, size, and species composition data from rocky habitats throughout Puget Sound
	Marine/ Nearshore
	Potential indicator-modify
	High value, excellent - covers most Action Areas; suspended monitoring pending evaluation of methods -- intent is to reconfigure survey design incorporating remotely operated vehicles (ROV) across full range of Puget Sound depths.

	Viable Native Species/ Biodiversity
	Community
	Backyard wildlife population trends (#684b)
	Measures backyard wildlife population trends as an indicator of common species' found in urban/suburban and rural landscapes.
	Terrestrial
	Good
	Funding ended in 2003, Cornell Protocols used.

	Viable Native Species/ Biodiversity
	Organism
	Liver Disease in English sole (#7)
	Average risk for English sole 1) developing liver lesions and 2) exposure to PAHs at selected locations. Data collected by WDFW, NOAA 17 years
	Marine/ Nearshore 
	Good-reinstate
	good indicator for localized impact associated with PAHs exposure; number of stations reduced from 43 to 8; has relevant physiological basis.

	Viable Native Species/ Biodiversity
	Organism
	Avian Flu (#680b) 
	Measures presence/absence of Avian Influenza when banding as an indicator of the threat of avian influenza.
	All
	Potential indicator-further evaluation needed
	Statistical concerns (small samples, reporting bias) with the collection of dead birds, however, targeted captures are good.

	Viable native Species/ Biodiversity
	Populations/ Species 
	Eelgrass (#3)
	Status and trends in areal extent of eelgrass throughout greater Puget Sound, and within regions and sites.
	Nearshore 
	Good
	Does not consider habitat function.

	Viable Native Species/ Biodiversity
	Population/ Species
	Pinto abalone- Status and Trends (#20)
	Measures the population and abundance over time of Pinto abalone, a bioengineer in nearshore rocky habitat.
	Marine/ Nearshore
	Good
	Pinto Abalone are a "WDFW State Candidate Species", a Federal "Species of Concern" and a  "Threatened Species" in BC.  WDFW has significant data sets from a variety of index sites. WDFW, 

	Viable Native Species/ Biodiversity
	Population/ Species
	Taylor's Checkerspot Butterfly - Status and Trends (#688e)
	Taylor's Checkerspot Butterfly Surveys
	Terrestrial
	Good
	High indicator for the species; need more years to establish trend

	Viable Native Species/ Biodiversity
	Population/ Species
	Dungeness Crab Abundance (#730)
	Measures test fishery catch per unit effort of Dungeness crab as a general indicator of the health of the crab populations. 
	Marine/ Nearshore
	Potential indicator-expand
	Abundance estimates should be based on test fishery prior to harvest openings. To be usable as a PSP indicator these surveys would have to be expanded to all marine waters (requires additional funding).

	Viable Native Species/ Biodiversity
	Population/ Species
	Egg to smolt survival (Wild Origin) (CR#13)
	Egg to smolt survival for specific broods/populations reflects freshwater survival (estimated for each population and brood year by the potential number of eggs produced and the number of smolts going downstream).
	Aquatic
	Potential indicator-evaluate/expand 
	Expansion of data from index streams to Puget Sound must be evaluated.

	Viable Native Species/ Biodiversity
	Population/ Species
	Salmonid Diversity (#791) 
	Variation in traits between populations such as anadromy, morphology, fecundity, run timing, spawn timing, juvenile behavior, age at smolting, age at maturity, egg size, developmental rate, ocean distribution patterns, male and female spawning behavior, physiology and molecular genetic characteristics. Three main attributes to track include attributes 1) entry (run) timing and spawn timing; 2) yearling or sub-yearling out migrant life history type; and 3) genetic diversity measures for heterozygosity.
	Aquatic
	Potential indicator
	 

	Viable Native Species/ Biodiversity
	Population/ Species
	Smolt to Adult Return (SAR) for Wild Populations (CR#14)
	This indicator is an estimate of marine survival and is estimated for specific populations as the number of outmigrating smolts from a specific brood year and the number of spawning adults returning from that same brood year. 
	Aquatic
	Potential indicator-evaluate/expand 
	Expansion of data from index streams to Puget Sound must be evaluated.

	Viable Native Species/ Biodiversity
	Population/ Species
	Population growth rate (#785)
	Natural productivity is typically measured as the ratio of naturally produced spawners born in one brood year to the number of fish spawning in the natural habitat during that brood year; population abundance estimates at other life-history stages may also be used, provided life cycle (e.g., smolt to adult estimates).
	Aquatic
	Potential indicator-evaluate/expand 
	Determine temporal spatial coverage needed to report at Puget Sound level; best for recruits for spawner (see Combined record 15)

	Viable Native Species/ Biodiversity
	Population/ Species
	Recruits per spawner for Wild Origin Salmonids (CR#15)
	Recruits per spawner is a reflection of both freshwater and marine survival and thus is a long-term measure of productivity.  Recruits per spawner is estimated with # spawners and # of adults returning from that spawning effort --requires fish age data to account for return from the total population. This indicator does not need smolt monitoring.
	Aquatic
	Potential indicator-evaluate/expand 
	Determine temporal spatial coverage needed to report at Puget Sound level

	Viable Native Species/ Biodiversity
	Population/ Species
	Salmon and Steelhead Status and Trends (#97)
	2006 Status of Chinook, Coho, Pink, Sockeye, Steelhead, Bull Trout, Coastal Cutthroat, Chum as determined by WDFW.
	Aquatic
	Good
	This indicator does not provide feedback in a timely manner.

	Viable Native Species/ Biodiversity
	Population/ Species
	Total Number or Spawning Adults- Hatchery and Wild Origin (CR#12)
	This is an indicator is the equivalent of the escapement and reflects the potential egg production.  Numbers are estimated via redd surveys, adult counts or mark recapture studies.
	Aquatic
	Potential indicator-evaluate/expand 
	 

	Viable Native Species/ Biodiversity
	Population/ Species
	Total Run size - Hatchery and Wild Origin (CR#11)
	The abundance of a total run size is the recognized population in terms of available spawning adults prior to harvest (estimated as harvest plus escapement).
	Aquatic
	Potential indicator-evaluate/expand 
	Substantial data exists in multiple data set. Efforts are underway to produce complete databases (e.g., Salmon Population Summary, SaSI) but there are no mechanisms in place to update databases.  

	Viable Native Species/ Biodiversity
	Population/ Species
	Pacific hake (& other midwater fish) - Status and Trends (#744)
	Measures counts and biomass of Pacific hake (and other midwater fishes, and invertebrates) using annual surveys as an indicator of their status and trends. 
	Marine/ Nearshore
	Good-reinstate
	Survey was discontinued because of funding constraints; covered most Action Areas.  Needs to be reinstated, expanding sampling to include fuller range of species, and wider geographic scope.

	Viable Native Species/ Biodiversity
	Population/ Species
	Groundfish Species-Status and Trends by Species (#18a)
	Puget Sound groundfish stock conditions over time for individual species.
	Marine/ Nearshore
	Good
	20 species complexes are evaluated for status

	Viable Native Species/ Biodiversity
	Population/ Species
	Herring Stocks Status and Trends (#19a)
	Estimates of Puget Sound herring spawning biomass over time
	Marine/ Nearshore
	Good
	Long term dataset and already used as an indicator.

	Viable Native Species/ Biodiversity
	Population/ Species
	Stillwater breeding amphibians  (#662)
	Measures stillwater breeding amphibian species presence and abundance, especially northern red-legged frog and northwestern salamander, as an indicator of the health of wetland habitats.
	Freshwater            
	Potential indicator-expand
	Better umbrella species suite  than just western toad (a federal and state candidate species) for stillwater amphibians. Expand to other areas.  

	Viable Native Species/ Biodiversity
	Population/ Species
	Peregrine falcon nesting surveys (#688f)
	Peregrine falcon nesting surveys.
	All
	Good
	same indicator as 670m; 670m was recorded as duplicate

	Viable Native Species/ Biodiversity
	Population/ Species
	Bald Eagles Status and Trends (CR#10)
	Bald Eagle Surveys, Roosts, and Nest Records
	All
	Good
	Combined information from three bald eagle surveys to create indicator of bald eagle population trends.

	Viable Native Species/ Biodiversity
	Population/ Species
	Christmas Bird Counts (#684a)
	Measures numbers of birds observed during the Christmas Bird Count as an general indicator of seasonal abundance and species distribution.
	All
	Potential indicator-further evaluation needed
	statistical concerns regarding marine portion of these data; but good for terrestrial species

	Viable Native Species/ Biodiversity
	Population/ Species
	Marine/Shore Birds - Food Web Interactions (#672)
	Measures temporal changes in RHAU reproductive success, diet quality and diet composition, which provide insights into the influence of diet quality on seabird declines. 
	Marine/ Nearshore
	Good
	3 years of calorie data, 8 years of composition data. Data gathered from 2006 -2008 and is consistent with data gathered in the 1970s so that we can examine trends.  

	Viable Native Species/ Biodiversity
	Population/ Species
	PIGU Nesting Colony Trends (#670b)
	Survey of all nesting pigeon guillemots in the inland waters of Washington State- catalog of known colony locations (1999-2003).
	Marine/ Nearshore
	Good
	Good historical data, needs funding to update and continue; combine with data from Skagit County surveys (record 670m).

	Viable Native Species/ Biodiversity
	Population/ Species
	Marine Birds - Status and Trends During Breeding Season (#670f)
	Estimates marine density of sea birds, including marbled murrelets, cormorants, rhau, PIGU in the Sound, Strait and coast of Washington during the breeding season.  
	Marine/ Nearshore
	Good
	Monitoring conducted annually and consistently since 2000 using DISTANCE methods.  Methods are good for the named species, funded through next year, very robust, includes outer coast. Data designed for USFWS survey zones. Determine if data from record #599 are comparable with these data.

	Viable Native Species/ Biodiversity
	Population/ Species
	Marbled Murrelet Presence at Occupied Sites (#688d)
	Monitors presence/absence of marbled murrelet numbers at occupied sites as an indicator of terrestrial habitat distribution.
	Terrestrial
	Potential indicator-expand
	Scope needs to be expanded

	Viable Native Species/ Biodiversity
	Population/ Species
	Waterfowl Breeding Surveys (#764)
	Breeding Waterfowl Surveys 
	Aquatic
	Good
	Limited to freshwater habitats; statistical designed protocols

	Viable Native Species/ Biodiversity
	Population/ Species
	Marine Birds - Breeding Abundance (#599)
	Monitoring programs at Haida Gwaii (Queen Charlotte Islands), Triangle Island, Desolation Sound and Georgia Basin (south coastal BC) provide population trend data.
	Marine/ Nearshore
	Potential indicator-evaluate
	Evaluate further to assess if data are comparable with WDFW/ USFWS studies (record # 670f). 

	Viable Native Species/ Biodiversity
	Population/ Species
	Black Oystercatcher Abundance at Nesting colonies  (#670a)
	Measures numbers of BLOY at nesting colonies as an indicator of abundance (1999-2003, 2005-6)
	Marine/ Nearshore
	Good
	Need more years of data, funding is soft money

	Viable Native Species/ Biodiversity
	Population/ Species
	Marine Birds - aerial ests.  non breeding populations (#671b)
	Estimates densities of marine birds (by species) observed from the air during winter surveys as an indicator of non-breeding spatial distribution, abundance and trends in Puget Sound.  
	Marine/ Nearshore
	Good
	Long term dataset ((1993-2008) from aerial survey) already used as an indicator, funded as part of PSAMP; Data stored as densities of birds; these data are preferred over record 671d

	Viable Native Species/ Biodiversity
	Population/ Species
	Waterfowl- Status and Trend of Midwinter Populations (#671g)
	Midwinter Waterfowl Surveys (complete: what does this measure and what is this an indicator of)
	Aquatic
	Potential indicator-further evaluation needed
	Statistical concerns need to be rectified; one time counts index survey. Includes good counts for several many species (e.g., black brant goose, trumpeter swans and snow geese).

	Viable Native Species/ Biodiversity
	Population/ Species
	Band-tailed Pigeon Mineral Site Counts (#684d)
	Band-tailed Pigeon Mineral Site Counts 
	Terrestrial
	Good
	High percentage of known springs monitored along PS shoreline. Part of flyway protocols designed by USGS.

	Viable Native Species/ Biodiversity
	Population/ Species
	Southern Resident Orca Whale  Population Trends (#16)
	Population of Puget Sound Southern Resident orca over time
	Marine/ Nearshore
	Good
	Good indicator of Killer Whale population trends

	Viable Native Species/ Biodiversity
	Population/ Species
	Harbor Porpoise / Dall's Porpoise (#679a)
	Cascadia Research / NMML / WDFW surveys aerial Surveys of Porpoise (several years).
	Marine/ Nearshore
	Good
	Funding is sporadic, only porpoise survey data.

	Viable Native Species/ Biodiversity
	Population/ Species
	 Gray Whale (#679b)
	Cascadia Research photo-identification surveys of gray whales (1989-2008)
	Marine/ Nearshore
	Good
	Limited proportion of the coastal population

	Viable Native Species/ Biodiversity
	Population/ Species
	Harbor Seals - Status and Trends (#674)
	Aerial, boat and ground surveys examining temporal and spatial changes in distribution and abundance of harbor seals at haul out sites. Data set goes from 1978 to present and has been consistent over time with data gathered in the 1970s.
	Marine/ Nearshore
	Good
	May not be as sensitive to immediate change in environment

	Viable Native Species/ Biodiversity
	Population/ Species
	Mt Goat - Status and Trends  (#765)
	Mt Goat Population estimate plus trends
	Terrestrial
	Good
	Terrestrial species indicator, Important high elevation habitat indicator affected by climate change

	Viable Native Species/ Biodiversity
	Population/ Species
	Elk - Status and Trends (#684e)
	Elk Population estimates plus trends
	Terrestrial
	Potential indicator-further evaluation needed
	Aerial surveys, sightability models need to be developed in some areas

	Viable Native Species/ Biodiversity
	Population/ Species
	Deer Population - Status and Trends (#684f)
	Deer Population estimate plus trends
	Terrestrial
	Good
	Terrestrial species indicator, good survey protocols need developing for Westside.

	Viable Native Species/ Biodiversity
	Population/ Species
	Species of Greatest Conservation Need (#687)
	Population status and trends for SGCN 
	All
	Good
	Some species data is better than others, see WDFW Comprehensive Wildlife Conservation Strategy; similar to record 33 (marine species at risk).

	Non-native Species
	Community
	Non-native Nearshore Species (#657)
	Rapid assessment survey May 17-23, 2000.  This time sampled intertidal mudflats, cobble beaches, oyster reefs, dock fouling, saltmarshes and consolidated clay substrates in Elliott Bay and Duwamish River, Totten and Eld Inlets, and Willapa Bay.
	Marine/ Nearshore
	Potential indicator-further evaluation needed
	Combine information in this record with record 656. Not all of these species are considered invasive. 

	Harvest
	Population/ Species
	Dungeness Crab Harvest (#729)
	Measures total Dungeness crab harvest (sport, commercial, C&S) in Puget Sound as an indicator of fishing pressure on this species.
	Marine/ Nearshore
	Good
	Total seasonal harvest numbers are available by Shellfish Management Region, although no error estimate is available for commercial harvest.  CPUE estimates are not available.  Due to regulation changes, harvest does not necessarily represent status of abundance of the stock but rather a measure of harvest pressure.

	Harvest
	Population/ Species
	Marine fish (bottomfish) harvest (#741)
	Catch estimates for the hook and line, boat-based recreational fishery for bottomfish in Puget Sound
	Marine/ Nearshore
	Potential indicator-evaluate
	Only measure of harvest pressure on bottomfish in Puget Sound; Needs evaluation to more fully evaluate statistical properties- survey is dependent on monitoring salmon sport fisheries.

	Harvest
	Population/ Species
	Exploitation Rates of Wild Salmonid Populations (CR#17)
	Measures the percent of the total run size that is harvested.
	Aquatic
	Potential indicator-evaluate/expand 
	Substantial data exists in multiple data set. Efforts are underway to produce complete databases (e.g., Salmon Population Summary, SaSI) but there are no mechanisms in place to update databases.  

	Harvest
	Population/ Species
	Harvest of Wild Salmonid Populations (CR#16) 
	Measure total harvest as a indicator of pressure from fishing activities. 
	Aquatic
	Potential indicator-evaluate/expand 
	EXPLOITATION RATE is a better indicator.

	Harvest
	Population/ Species
	Waterfowl marine harvest (#671c)
	Measures harvest of marine associated waterfowl (taken from mandatory Hunter Harvest Reports) as an indicator of harvest pressure.
	Marine/ Nearshore
	Good
	Does not include sex data and location data is limited to the county level, some species 1990 +

	Harvest
	Population/ Species
	Game species harvest (#676a)
	Number of animals harvested from recreation-based seasons.
	Terrestrial
	Good
	Indirect indicator, does not include specific location data; small game limited to the county level; big game data at GMU level

	
	
	
	
	
	
	


	Table 12.  Recommended available toxic-related water quality indicators organized by DPSIR classification. 

	Conceptual Model
	Driver
	Influencing Factor
	Pressure
	State
	Impact
	Response

	Water Quality - Toxics Marine
	
	
	Oil Spills (#8)
	Chemical Contamination in Puget Sound Sediments (#87a)
	Acute Toxicity in Puget Sound Sediments (#87)
	

	
	
	
	Toxic in Biosolids from WWTP (#774)
	Toxics in clams (#770)
	Liver Disease in English sole (#7)
	

	
	
	
	
	Toxics in Mussels (#5)
	Sediment Quality Triad Index (#86)
	

	
	
	
	
	Toxics in marine benthic fish (#4b)
	Marine Benthic In-faunal Community Structure (#88)
	

	
	
	
	
	Toxics in marine pelagic fish (#4a)
	
	

	
	
	
	
	Fish Tissue Contaminants Index (#92)
	
	

	
	
	
	
	Contaminants in Whole Fish (#81a)
	
	

	
	
	
	
	
	
	

	
	
	
	
	Toxics in Juvenile salmon (#773)
	
	

	
	
	
	
	Toxics in Osprey Eggs (#604)
	
	

	 
	 
	 
	 
	Toxics In Harbor Seals (#6)
	 
	 

	Water Quality - Toxics Freshwater
	
	
	Toxic in Biosolids from WWTP (#774)
	Toxics in Water (#170) 
	
	

	
	
	
	
	Toxics in Freshwater Fish -multiple sources (#772)
	
	

	 
	 
	 
	 
	Toxics in Juvenile salmon (#773)
	 
	 


	Table 13.  Recommended available nutrient water quality indicators organized by  DPSIR classification. 

	Conceptual Model
	Driver
	Influencing Factor
	Pressure
	State
	Impact
	Response
	 

	Water Quality – Nutrients Marine
	
	Sensitivity to Eutrophication (#41/41a)
	Nutrient Loadings  in Rivers to Puget Sound (#246)
	Nutrients in Marine Waters (#784)
	
	
	

	 
	 
	Marine Water Quality (multiple parameters #782)
	 
	 
	 
	 
	 

	Water Quality – Nutrients Freshwater
	
	
	
	TSI-Phosphorous levels in large lakes (#44c)
	
	
	

	 
	 
	 
	 
	TSI-Phosphorous levels in small lakes (#44a)
	 
	 
	 


	Table 14.  Recommended available pathogen-related water quality indicators organized by DPSIR classification.

	Conceptual Model
	Driver
	Influencing Factor
	Pressure
	State
	Impact
	Response

	Water Quality - Pathogens (marine)
	 
	 
	Microbial Pollution Assessment-Sinclair-Dyes Inlet (#209)
	Fecal Pollution Index for Commercial Shellfish Beds (#166)
	 
	 

	
	
	
	
	Marine Water Quality (multiple parameters #782)
	
	

	 
	 
	 
	 
	Water Quality Index (CR#18)
	 
	 

	Water Quality - Pathogens (freshwater)
	
	
	
	Fecal Bacteria -Streams (#169)
	
	

	
	
	
	
	Fecal Bacteria at Lake Non-Swimming Beaches (#44d)
	
	

	
	
	
	
	Fecal Bacteria at Lake Swimming Beaches (#44b)
	
	

	
	
	
	
	Water Quality parameters -streams (CB#9)
	
	

	
	
	
	
	 Water Quality Index (#96)
	
	

	 
	 
	 
	 
	Water Quality-DO/temp-lakes (#168)
	 
	 


	Table 15.  Recommended available human health-related indicators organized by DPSIR classification.  

	Conceptual Model
	Driver
	Influencing Factor
	Pressure
	State
	Impact
	Response

	Toxics- marine
	
	
	
	
	Marine Fish Consumption Advisory (#198)

	 
	 
	 
	 
	 
	Shellfish Consumption Advisory-(#760)

	Toxics -freshwater
	
	
	
	Drinking Water Quality (#540)
	
	

	
	
	
	
	Quality of Groundwater for Drinking Quality (CB#8)
	
	

	 
	 
	 
	 
	 
	Freshwater Fish Consumption Advisory (#759)

	Toxics - all
	
	
	
	Air Quality Index - # good days (#271a)
	
	

	 
	 
	 
	 
	Air Quality-particulates (#28)
	 
	 

	Nutrients- freshwater
	
	
	
	Drinking Water Quality (#540)
	
	

	
	
	
	
	Quality of Groundwater for Drinking Quality (CB#8)
	
	

	Pathogens-marine
	 
	 
	 
	 
	Acres & trends in Commercial Shellfish Growing Area Closures (#10)

	Pathogens-freshwater
	 
	 
	 
	 
	% of swimming beaches that meet safe swimming standards (#9)

	Biotoxins -marine
	 
	 
	 
	 
	 
	Shellfish Closures for PSP (#757)

	 
	 
	 
	 
	 
	 
	Domoic Acid Contaminant Levels (#201)


Table 16.  Recommended available water quantity indicators organized by DPSIR classification.

	Subcategory of goal
	Drivers, Pressures, Influencing Factors
	State
	Impact
	Response

	Freshwater supply for people, fish, and wildlife
	
	· Snow pack (#25)

· Glacier mass balance (#780)
· Annual maximum daily flow (#95d)
· Annual mean flow (#95a)
· TQmean – flow flashiness (#95b)
· Annual 7-day low flow (#95c)
	
	· Violations of Ecology instream flows

	Freshwater supply to marine waters
	
	· Stream flow to Puget Sound (#24)
	
	

	Water related hazards
	
	· Frequency of flood events (#267)
	
	


	Table 17.  Recommended available habitat-related indicators organized by DPSIR classification.  

	Conceptual Model
	Driver
	Influencing Factor
	Pressure
	State
	Impact
	Response

	Marine/ nearshore Habitat
	 
	 
	#Artificial Fish Barrier (#628)
	marine parameters (#751)
	 
	Fish Passage Barriers Improvements (#100)

	
	
	
	Shoreline Armoring (CR#4)
	Intertidal biotic community status and trends (#7)
	Shoreline Geo-morphology Change (#788)
	

	
	
	
	Changes in Wetland Acreage (#2)
	Eelgrass (#3)
	
	

	
	
	
	Non-native Invasive  Aquatic Marine Species (#15)
	Kelp( and Other Seaweeds #5)
	
	

	 
	 
	 
	Non-native Invasive Species Threat (#154)
	Saltmarshes (CR#6)
	 
	 

	Freshwater  Habitat
	
	#Artificial Fish Barrier (#628)
	Freshwater Parameters (#78)
	
	Fish Passage Barriers Improvements (#100)

	
	
	
	
	Maximum Temperature (#620)
	
	

	
	
	
	Channel Armoring (#624)
	Physical Habitat (#78)
	
	

	 
	 
	 
	Non-native Invasive Species Threat (#154)
	Floodplain Connectivity (#630)
	 
	 

	Terrestrial Habitat 
	
	
	Old Growth Forest Loss (#681)
	
	
	

	
	
	
	Transportation Pressure (#68)
	
	
	

	
	
	
	Terrestrial Land Cover Trends (#CR#1)
	
	
	

	
	
	
	Changes in Wetland Acreage (#2)
	
	
	

	
	
	
	Road Densities -erosion (#750)
	
	
	

	 
	 
	 
	Non-native Invasive Species Threat (#154)
	 
	 
	 


	Table 18. Recommended available species and food web indicators by habitat type and level of biological organization. Recommended available indicators are classified as  "good" or  "potential" indicators.  Good available indicators (usable in current format) are noted in bold text.  Potential available indicators (requiring further evaluation, a modification or expansion) are noted in italics.  Possible future indicators included those with little or no data to evaluate their suitability not shown in this table. Indicator record numbers (shown in brackets) are taken from the Indicators Evaluation Spreadsheet. Shaded cells contain indicators that are cross-referenced with the habitat and water quality indicator tables.

	Habitat Type
	Biological Organizational Level
	Driver
	Pressure
	 State/ Impact
	Impact
	Response

	Marine/Nearshore
	Community
	
	
	Kelp & other Seaweeds (#5)
	
	

	
	Community
	
	
	Saltmarshes (CR#6)
	
	

	
	Community
	
	
	Marine Benthic In faunal Community Structure (#88)
	
	

	
	Community
	
	
	Groundfish Status and Trends (#18)
	
	

	
	Community
	
	
	Harbor Seals - Food Web Interaction (#675)
	
	

	
	Community
	
	
	Non-native Nearshore Species (#657)
	Status and Trends in Marine fish/ invertebrate at Marine Reserves (#738)
	

	
	Community
	
	
	Marine fish/ invertebrates at Rocky habitats (#739)
	Marine Species at Risk (#33)
	

	
	Community
	 
	 
	Eelgrass (#3)
	 
	 

	Marine/Nearshore
	Species/Population
	
	Dungeness Crab Harvest (#729)
	Dungeness Crab Abundance (#730)
	
	

	
	Species/Population
	
	
	Pinto abalone- Status and Trends (#20)
	
	

	
	Species/Population
	
	Marine fish (bottomfish) harvest (#741)
	Groundfish Species-Status and Trends by Species (#18a)
	Liver Disease in English sole (#7)
	

	
	Species/Population
	
	
	Pacific hake (& other midwater fish) - Status and Trends (#744)
	
	

	
	Species/Population
	
	
	Herring Stocks Status and Trends (#19a)
	
	

	
	Species/Population
	
	Waterfowl game harvest (#671c)
	
	
	

	
	Species/Population
	
	
	Marine/Shore Birds - Food Web Interactions (#672)
	
	

	
	Species/Population
	
	
	PIGU Nesting Colony Trends (#670b)
	
	

	Marine/Nearshore
	Species/Population
	
	
	Marine Birds - Status and Trends During Breeding Season (#670f)
	Marine Bird Mortality (#680)
	

	
	Species/Population
	
	
	Marine Bird Breeding Abundance (#599) 
	
	

	
	Species/Population
	
	
	Marine Birds - aerial ests.  non breeding populations (#671b)
	
	

	
	Species/Population
	
	
	Black Oystercatcher Abundance at Nesting colonies  (#670a)
	
	

	
	Species/Population
	
	
	Harbor Seals - Status and Trends (#674)
	Southern Resident Orca Whales Population Trends (#16)
	

	
	Species/Population
	
	
	
	Harbor Porpoise / Dall's Porpoise (#679a)
	

	
	Species/Population
	 
	 
	 
	 Gray Whale (#679b)
	 

	Aquatic
	Species/Population
	
	Harvest of Wild Salmonid Populations (CR#16) 
	Total Number or Spawning Adult Salmonids -Hatchery and Wild Origin (CR#12)
	
	

	
	Species/Population
	
	Exploitation Rates of Wild Salmonid Populations (CR#17)
	Total Run size of Salmonids- Hatchery and Wild Origin (CR#11)
	
	

	
	Species/Population
	
	
	Recruits per spawner for Wild Origin Salmonids (CR#15)
	
	

	
	Species/Population
	
	
	Salmonid Diversity (#791) 
	
	

	
	Species/Population
	
	
	Salmonid Population growth rate (#785)
	
	

	
	Species/Population
	
	
	Smolt to Adult Return (SAR) for Wild Salmonids Populations (CR#14)
	
	

	
	Species/Population
	
	
	Egg to smolt survival (Wild Origin Salmonids) (CR#13)
	
	

	
	Species/Population
	
	
	Salmon and Steelhead Status and Trends (#97)
	
	

	Aquatic
	Species/Population
	
	
	Waterfowl- Status and Trend of Midwinter Populations (#671g)
	
	

	
	Species/Population
	 
	 
	Waterfowl Breeding Surveys (#764)
	 
	 

	Freshwater
	Community
	
	
	Benthic IBI-freshwater (CR#19)
	
	

	
	Species/Population
	 
	 
	Stillwater breeding amphibians  (#662)
	 
	 

	Terrestrial
	Community
	
	
	Terrestrial Breeding Bird Counts (#684c)
	
	

	
	Community
	
	
	Backyard wildlife population trends (#684b)
	
	

	
	Species/Population
	
	
	
	Taylor's Checkerspot Butterfly - Status and Trends (#688e)
	

	
	Species/Population
	
	
	Marbled Murrelet Presence at Occupied Sites (#688d)
	
	

	
	Species/Population
	
	
	Band-tailed Pigeon Mineral Site Counts (#684d)
	
	

	
	Species/Population
	
	
	Elk - Status and Trends (#684e)
	
	

	
	Species/Population
	
	
	Deer Population - Status and Trends (#684f)
	
	

	
	Species/Population
	 
	Game species harvest (#676a)
	 
	 
	 

	All
	Community
	
	
	
	Species Listed under Federal ESA (#147)
	

	All
	Community
	
	
	
	Species of Concern on State list (#148)
	

	All
	Community
	
	
	
	Species of Conservation Concern (#149)
	

	All
	Species/Population
	
	
	Christmas Bird Counts (#684a)
	
	

	All
	Species/Population
	
	
	Peregrine falcon nesting surveys (#688f)
	
	

	All
	Species/Population
	
	
	
	Bald Eagles Status and Trends (CR#10)
	

	All
	Species/Population
	
	
	
	Species of Greatest Conservation Need (#687)
	

	All
	Organism
	 
	 
	Avian Flu (#680b) 
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