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Overview
Great strides have been made in the Pacific Northwest to develop a regional strategy for the management of data across multiple programs and projects that assess salmon and steelhead populations and their habitat. The concurrent activities of regional coordination groups, sub-regional and watershed-specific demonstration projects, as well as tribal, state, and other organizations have resulted in an opportunity to integrate the data generated by these through the implementation of a regional information network to support salmonid Status and Trends, Effectiveness, Implementation, and Compliance monitoring. Through collaboration and rigorous scientific application, these projects, programs, and partnerships have made significant progress towards the development of best practices and guidance, improved sampling designs, integrated monitoring, improved monitoring protocols, indexes of indicators and metrics, as well as standards and guidance for data documentation, sharing, and exchange. 
There exists an opportunity to put these results into action through the development and implementation of an information exchange network using existing demonstration projects. Results from this focused effort could be broadened to projects under the Columbia Basin Salmon Recovery program, and other monitoring projects in the region that generate, maintain, or house fish and habitat data. The benefits of such an opportunity include enhanced communication and integration of regional efforts, in addition to improved and cost-effective support for scientific research and management needs that inform the federal Endangered Species Act (ESA), Federal Columbia River Power System (FCRPS).
Additionally, the opportunity afforded by the upcoming reporting needs of the Columbia Basin Biological Assessment as mandated by the current Biological Opinion (BiOp) will help to refine the processes, tools, and other components of a regional data management solution. Using BPA-funded projects for the early stages of this process will aid in demonstrating best practices to be later used by other projects and programs in the Pacific Northwest.
Introduction & Purpose
Described herein is an implementation roadmap in support of the Pacific Northwest Aquatic Monitoring Partnership (PNAMP) regional data management strategy for a coordinated Research, Monitoring, and Evaluation (RM&E) information network in the Pacific Northwest. Specifically, this document outlines the advancement of standards for data exchange formats, metadata documentation, and application development to support the flow of data in a regional exchange network. This process will be modeled after that described in the USEPA Data Exchange Network, where data producers and data users undergo a series of steps to develop data sharing agreements, to define responsibilities for both producers and users, and to develop templates for data exchange. This process will further inform the identification of data nodes, the flow of data over data networks, the compilation and use of a coordinated set of reporting elements and their metrics, and the identification of demonstration projects that will develop and track the flow of data over the identified nodes. This will be a joint effort funded by the action agencies for the regional BiOp, and for the states of Washington and Oregon under the Pacific Coastal Salmon Recovery Fund (PCSRF). Existing monitoring projects will be selected based on thematic and geographical relevance to BiOp reporting requirements, and managed by data stewards located in specific geographic regions.
Data stewards for these projects will initially document, compile, and synthesize data related to status and trend and effectiveness monitoring for ESA-listed salmonids. Status and trend data will be prioritized according to the data elements and metrics for habitat and Viable Salmon Populations (VSP) currently being identified collaboratively by the partner organizations of PNAMP and the Columbia Basin Fish & Wildlife Authority (CBFWA). Specifically, PNAMP partners for this data management process will initially include action agencies, the Washington Governor’s Salmon Recovery Office (GSRO), and the Oregon Watershed Enhancement Board (OWEB). Partners will work to integrate those data elements pertinent to effectiveness monitoring, implementation monitoring, and those specific to habitat, limiting factors, threats, and VSP assessments identified for regional reporting called High Level Indicators (HLIs). This will enable PNAMP regional partners to perform a rigorous, science-based roll-up of data for regional analysis and reporting. Other partners will be approached or recruited as additional subject and geographic areas are identified for inclusion.
The remainder of this document will address each of the following components to support the development of a regional data exchange network:
· Roles and Responsibilities

· Demonstration Projects

· Data Stewardship and Metadata Documentation

· Data Archiving and Storage

· Habitat and VSP Data Elements and Metrics

· Data Exchange Templates
Further, sections of this document will address the components of the generalized data flow for research and management of natural systems (see Figure 1.). 

Scope…
Need to better define how demonstration projects fit in with 2012 Biological Assessment report under the RM&E BiOp – i.e.:
· All Populations?

· Subset of Populations? 

· Subset of Populations by Major Population Group?

Will selected IMW projects be appropriate for the intended scope of the Biological Assessment?

Roles and Responsibilities
As all agencies and organizations charged with assessing or managing natural systems are involved in the data flow process at some stage, the management of such data therefore becomes the responsibility of those at all levels of organizational structure. Though organizations will vary in the extent and manner in which they are structured, it is likely that staff can be identified or procured to fulfill one or more of the following designations which will be used for regional purposes:
1. Project Managers
      - define reporting indicators and spatial scale of indicators
      - define performance criteria for data collection protocols (CV, confidence interval, etc)
      - set priorities for indicators
      - establish data sharing agreements and policies
2. Monitoring Coordinators
     - identify survey types and protocols that feed reporting indicators 
     - write protocols
     - evaluate protocols and ensure consistently with requirements for reporting indicators
     - provide input on data formats verify data content qa/qc   
     - define summarization and analysis procedures perform data analysis
3. Data Stewards
     - produce metadata in data system write requirements for dm tools
     - first-tier customer support on tools ensure data completeness qa/qc
     - perform first-level of data summarization
4. Developers
     - design database structure
     - build applications/tools
     - manage data warehouses
     - establish and implement data exchange protocol
     - maintain IT infrastructure
Demonstration Projects

Data management projects designed to implement and refine a network for the exchange of salmonid and aquatic habitat information will be selected from existing Intensively Monitored Watershed (IMW) projects that have been identified by PNAMP partners, and will be prototyped according to high priority data elements with a known statistical compatibility, such as water temperature, etc. IMWs offer an ideal arena in which to implement and refine an efficient approach to establishing a regional network for the exchange and management of fish and habitat data, as these experimental projects concentrate research and monitoring efforts to determine the relationships between habitat improvements, watershed influences, and the response of salmon populations. Additionally, IMWs present a rich monitoring dataset that will have distinct data management requirements but will be essential to the analysis of effectiveness monitoring data. Initially, these projects will demonstrate the capabilities and characteristics of a network of nodes that will take full advantage of automated technologies to synthesize data from multiple, disparate sources into specific HLIs.  
These following steps will be used to implement these projects:

1. Identify the specific habitat and VSP data elements and metrics that will be documented and managed by project data stewards.

2. Identify appropriate regional data exchange format.

3. Identify the geographic scope for these projects. 

4. Identify, evaluate, and provide the tools that will be used to document, integrate, and analyze source data.

5. Develop statements of work and job descriptions for data steward positions.

6. Develop agreed-upon QA/QC requirements for contracts.

7. Develop agreements with partner entities to hire data stewards, including the creation or modification of new or existing contracts.

8. Develop interim template data management contract language for activities outside of initial geographic scope.

9. Specify process through which this initial work will be used to modify interim contract arrangements.

10. Develop a timeline, milestones, and reporting requirements for initial project work.

Project Evaluation and Re-scoping
With the goal of extrapolating the results of these demonstration projects to a regional solution for data management, exchange, analysis, and reporting, an overlapping phase approach is currently being evaluated to ensure proper development of the technical and organizational components and strategies for specific data flows. Overlapping of phases is very similar to the versioning of products in software development and other arenas. As the results from a phase are implemented at the regional level, the strategies and components resulting from the next phase are concurrently developed in pilot basins and watersheds. The unique opportunity for representative groups of users and data providers to rigorously exercise components as they are developed is afforded through the use of IMWs, and ensures that results can be more easily adapted to regional use. 
The following phases of development and implementation are recommended by the Data Management Leadership Team:
· Metadata documentation, data exchange templates, and data storage

>>Refer to SN work with data capture tool, other proposals<<

>>Present options for the long-term storage of fish and habitat data – i.e. identify repositories, process, frequency, etc., including roles <<
· User-interfaces, standardized look-up lists and vocabulary, document data analysis procedures

>> Related supporting guidances, standards, Puget Sound Smolt Exchange, Implementation WS results, SN Guide, etc. <<

· Automated data analysis tools and system updates

>> Related supporting guidances, standards, Puget Sound Smolt Exchange, Implementation WS results, SN Guide, etc. <<
Data Stewardship and Metadata Documentation
Action agencies in the region will contract data stewards and programmers to support metadata development and management of data for specific information network nodes, in a manner consistent with principal recommendations. >>These will be referenced here<<

These positions will be recruited on the basis of knowledge within specific thematic communities, knowledge and skills with data management, and ability to coordinate a community of users and data providers. For RM&E data, these data themes are fish data, habitat data (physical, chemical environment, or species interactions), and remote sensing and GIS data. Data stewards contracted through regional partners will help contractors generate metadata required for monitoring programs, and help manage data such that it is stored in accessible locations according to established exchange formats. Although data stewards will be responsible for specific geographic and topical areas, their work will be integrated across the basin such that fish or habitat subject experts may work with all data stewards across all sub-regions to ensure regional consistency. These sub-regions are the Snake River Basin, Upper Columbia, Middle Columbia, and Lower Columbia River Basins, and the Columbia River Estuary.

Data stewards will also be responsible for establishing the proper technical infrastructure to align priority agency data for a particular data flow. These will be defined by the reporting metrics, HLIs, and other priority classifications described in the sections to follow. The staffing needs of individual partners of the network nodes will be determined based on the strengths and weaknesses of organizational infrastructure during the Network Readiness Assessment phase.  

Where feasible, metadata standards will be consistent with internationally-accepted standards and specifications such as those identified in the SAIC Needs Assessment (link), the Northwest Environmental Data Network’s (NED) white paper Best Practices for Reporting Time and Location Related Data (link), the PNAMP Metadata Guidance. Use of recommended web portals to facilitate data exchange, access, and discovery of metadata will be determined from the results of the PNAMP Web Portals Workshop and discussion by the Data Management Leadership Team.

Data stewards will be initially tasked with documenting and describing source data through metadata creation. This will be required for at least the following metadata elements:

· Monitoring Designs
· Data Processing and Analysis

· Programs and Projects

· Protocols, Methods, and Attributes
· Data Quality Assurance/Quality Control
The following sub-sections describe each of these elements, in addition to the available and anticipated tools used to perform these specific tasks, the status of these systems, and any modifications or improvements required to ensure their compliance with regional standards. Additionally, the PNAMP Metadata Guidance (link) should be used to determine the appropriate standard to use based on different characteristics of the data to be documented. 
>>Data Steward Staffing Options<<

Monitoring Designs

The ability of entities to document confidence in a monitoring project relies on their ability to evaluate a monitoring design’s spatial, temporal, replication and representation attributes.  Funding entities should require that all monitoring projects document attributes to support PNAMP’s evaluation of the quality or representative nature of past or ongoing studies, and to support the coordination of future study priorities. For general status and trend monitoring data, the appropriate metadata to document spatial, temporal and other appropriate attributes of the design should be provided.  

Supporting Tools
· PNAMP Integrated Status and Trends Monitoring (ISTM) Master Sample Draw web application
· Aquatic Resources Schema

Data Analysis and Reporting
Steps involved in the processing, conversion, and analysis of data to answer specific VSP or habitat reporting indicators and metrics should be documented as part of the data flow modeling process. This would include specific equations or algorithms applied to data, references to the statistical methods applied at various steps, as well as the software and tools used to generate derived variables or modeling parameters, as well as intermediate variables. To the extent possible, the steps involved in generating the subordinate information of HLIs should be documented in reproducible form. For example, section 1.4 of the Federal Geographic Data Committee’s Content Standard for Digital Geospatial Metadata, Biological Data Profile (FGDC-STD-001.1-1999) extension contains sub-sections for specifying the analytical tools and process steps used in the lineage of data analysis.
Supporting Tools
Primary

· National Center for Ecological Analysis and Synthesis (NCEAS) Kepler Application

· FGDC-CSDGM Biological Data Profile

· Others 

Programs and Projects

Descriptive information regarding the name, purpose, objective, time-period, and geospatial characteristics of programs and projects need to be provided, in addition to budget and performance-related information. This information is captured and documented as implementation monitoring classification and attributes. Standardization of these metrics or a common reporting output crosswalk tool should be used to facilitate data exchange.

Supporting Tools
· PICES

· PNAMP Protocol Library
· PCSRF Management System
· PNAMP Implementation Tracking Data Dictionary and Program Crosswalk Tool

Protocols, Methods, and Attributes

All RM&E sponsored contracts will use PNAMP’s Protocol Library or the ISEMP Protocol Editor tool to document the protocols and methods used for data collection, equipment set up, reporting, Quality Assurance Quality Control, data analysis, etc., used by the specific project and program mentioned previously.  Information regarding the protocol and method descriptions, citations, and actual standard operating procedures, versions, associated references, and associated metrics and indicators should be documented. Additionally, the attributes collected under a method in the form of a data dictionary should be provided to allow the creation of crosswalks of agency data elements collected, as well as those required for regional reporting. 

Supporting Tools
Primary

· Aquatic Resources Schema (ARS) – Protocol Editor

· PNAMP Protocol Library
Secondary
· ArcCatalog 9.x
· Metavist
· Metascribe

· EPA Metadata Editor

· Morpho

Quality Assurance/Quality Control

In addition to many other benefits, a quality assurance plan (a component of a data management plan) would benefit agencies by ensuring that data quality procedures and checks have been met at various levels of the data flow process, most notably  during data collection, entry, analysis, and reporting (e.g. during GIS layer creation). 

Data Analysis and Reporting

Having standards in place and described up front would allow agency data to be compiled, aggregated, and synthesized under the RM&E section of the BiOp with a degree of assurance that quality control procedures have been applied to each specific data set. While such procedures will vary greatly for historical data, there is an opportunity to develop standard guidelines and tools to assist with establishing and documenting agency QA/QC practices based on the quality of data required for regional reporting. The processes used to validate data at key steps need to be documented in a reproducible form.

Annual and comprehensive reports are required to meet the needs of BiOps and will provide managers with information necessary to make informed decisions for continued operations or adaptive management of the fish and wildlife program. It is the responsibility of the COTR to communicate publication of significant research and monitoring findings with H-leads, RM&E Leads in KEWR and managers to support the BiOp Annual Progress Reports and adaptive management of the 3-year implementation plans.  The Taurus and “dashboard” programs will be used to support implementation and compliance reports and Taurus will analyze performance relative to specific goals in development through the NPCC HLI project.  
BPA will work with the region to analyze data in a coordinate manner to inform HLIs and ensure regional consistency and cost effectiveness.  Fish VSP data should be assessed on an annual basis, while habitat data may be analyzed on a 3-year basis to support expert panel project selection and evaluation, relative to priority limiting factors, or BiOp performance relative to the 3-year implementation plans.   

· Fish escapement and spawner data will be analyzed by the state and tribal co managers to produce spawner escapement data;

· NOAA Fisheries will evaluate additional VSP metrics and indicators in the Salmonid Population Synthesis (SPS) database to inform population and ESU VSP risk ratings to support biological performance evaluation relative to BiOp RPA and AMIP needs; and to support adaptive management of strategies to ensure recovery of the species.  

· Survival and passage analysis will be performed by the UW DART program

· Habitat Improvement assessments will be supported by revisions to the FCRPS BiOp method (Hillman Model) to expand to variations of the NOAA SHIRAZ model or other models recommended by the BiOp RM&E workgroup to be accessible to BPA contractors.  Habitat assessment and model development is a high priority gap and will be resolved to support the BiOp needs.  

· Life Cycle modeling will be conducted by NOAA (SLAM) models to support climate change and life cycle assessments for adaptive management.  

· Limiting factor and threat assessments should be updated on a 3- year basis to support project prioritization and solicitation.  
Habitat and VSP Data Elements and Metrics

In order to ensure data interoperability and the development of agency-to-regional crosswalks, an agreed-upon Data Exchange Format (DEF) shall be developed using existing, regionally-developed standards. Data should be organized according to approved subject areas and subject groups that will assist data stewards with the task of prioritizing and structuring data for improved accessibility and interoperability. These pick-lists will be based on a common data language. This will be managed in a consistent manner with the PNAMP Monitoring Glossary project, such that all indicator and metric terminology is able to be mapped according to a standard lexicon for all alias terminology and that all indicators and metrics map to a specified protocol or data collection or analysis method. 

Initially, efforts will be focused on assessing indicators to: 1) Determine the availability of each metric, 2) Describe the protocols and field methods each agency follows in creating the available data, and 3) Describe the specific data flow pathways within the agencies up to population assessment analysis.  This work will be performed according to the sample list of field metrics (table 1), as adapted from a table provided by NOAA Fisheries, and is to include field sampling methods and data flow within the agency.  

Table 1.  Example field data metrics for which documentation of sampling protocols/methods is desired for anadromous and resident listed fish species.  Adapted from NOAA Fisheries.

	Primary Indicator
	Associated Metrics

	Abundance of Anadramous Natural Origin Spawners and resident fish
	· Fish counts (dam)

· Fish counts (weir)

· Fish counts (PIT Tag detections)

· Redd counts

· Redd density

· Carcass counts

· Age structure of spawners

· Sex ratio of spawners (carcass counts)

· Females per redd

· Males per redd

· Count or Fraction that are of hatchery-origin fish

· Count or fraction that are jacks

· Broodstock removals (count)

· Total adult harvest (check stations, creel surveys)

· Occupied range (resident)

· Genetic integrity (resident)

	Juvenile Abundance
	· Smolt abundance (smolt trap)

· Smolt abundance (weir)

· Smolt abundance (PIT Tag detections)

· Parr abundance (count)

[There likely would be other metrics associated with juvenile monitoring like length, condition, etc.]


A more exhaustive list of specific indicators and metrics (see Appendix A: Indicators and Metrics to Support Regional VSP Status and Ecological Limiting Factor Assessments) will serve as a starting point for the identification of raw observation data to inform these, as well as standards and formats for these data or other subordinate information. This information will also be used to further align agency and regional data steward tasks, as well as the classifications established through the identification of HLIs. 
Data Exchange Templates
Environmental data is best managed locally by the organizations that collect the data and then publish sub-sets of these as a web service for data users to harvest on demand. In a data exchange network, data producers agree to publish data as a web service in standardized formats. Data users assume the responsibility of downloading, storing, and using the data to fulfill their organizational mandates. Within the network, data producers must develop the internal capacity to capture, validate, and export data. Data users must develop internal capacity to download or consume data and must maintain data warehouses to store these to meet organization mandates. Users of the data can automate download of the data using “spider” applications that crawl the web, locate appropriate data, and download at regular intervals. Fish and wildlife managers in the Puget Sound are currently engaged in this process to develop a juvenile out-migrant data exchange network for the state of Washington, which will be used as a model for the development of the regional data exchange network for habitat and VSP assessments.
It should be noted that in order for agency data to be enabled for exchange, agencies should first establish data management systems and processes at various stages in the data flow to ensure that data can be accessed and aligned according to exchange templates and formats. The Considerations for Regional Data Collection, Sharing and Exchange white paper developed by StreamNet should be used as a starting point and guidance for ensuring the development of viable data management systems. 
In order to capitalize on the process described by the USEPA Environmental Information Exchange Network (www.exchangenetwork.net) and using lessons-learned and results from other efforts to develop data exchange formats, the PNAMP Data Management Leadership Team will obtain guidance from Exchange Network coordinators and will establish a series of task groups to develop exchange templates for priority survey types based on those used by the Integrated Status and Trends Monitoring Program’s (ISEMP) Aquatic Resources Schema (ARS). Examples of these include:

· Spawning Ground

· Snorkel

· Smolt Trap

· Macro-invertebrates

· Hatchery

· Fish Capture / PIT Tagging

· Electro-fishing

· Water Quality

· Site Selection

· Habitat

· Fine Sediment

· Discharge

PNAMP Exchange Template task groups will be similar in function to the Integrated Project Team (IPT) approach, whereby individuals with different backgrounds solve issues for a specific data flow. These teams will be charged with designing exchange templates that can store the raw data required to calculate the subordinate metrics of HLIs and ensure consistency with the ARS survey types, thereby creating the necessary link in the data flow. These exchange templates should also link to a common metadata schema via the data collection event identification field of ARS. Figure 3 is a generalized process for developing an exchange network, as recommended by the USEPA Environmental Information Exchange Network, and conveys the role of data stewards, as well as those steps that will influence the scoping of data steward positions. 
Figure 3. Generalized Exchange Network Development Process.
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The following elaborates on each step outlined in figure 3 and is based on the experience and activities of the Exchange Network.  
Assess Readiness

An assessment to identify strengths and weaknesses of the network and technical infrastructure should be conducted. A report should be generated from this effort that specifies organizational processes or resources that require attention. If thoroughly performed and used to generate a concise strategy for actions to be taken, an organization can increase their return on investment. For example Readiness Assessment Reports, visit http://www.statesdx.net/pages/public/program_information.htm .
Indentify Funding Resources
Grants and other mechanisms of financial support to either develop or join an exchange network node, are available on the Exchange Network’s site. These opportunities are typically available only for states or other non-federal agencies. Federal agencies should identify all in-kind or other cost-sharing opportunities in order to leverage resources and piggy-back on existing efforts that may broaden the types and sources of data available to the network.
Identify Flow Type
Priority data, such as those immediately required by the BiOp Assessment, as well as data that requires significant investment of staff resources should be identified, as these will benefit from the improvements afforded by becoming enabled for data exchange. Data flows should also be identified and prioritized for further investigation, or to be enabled at a later date.
Leverage Experience from Other Network Partners
The Exchange Network uses an organizational structure that involves a State Database Manager who decides on a flow that would be a good candidate for improvement, and contacts the appropriate IPT chair for that flow. The IPT chair updates the state database manager on the status of efforts to enable data electronically for that data flow. The state database manager can suggest creating a team to begin investigating that flow, and developing solutions. Basically, there is a process in place to ensure that groups wanting to make their data network enabled can use existing exchange templates, schemas, and nodes, by porting in to an existing effort that has gone through the process already.
Build Infrastructure
Using the results from previous steps, the technical components required to make the data flow “work” should be designed and constructed. “Infrastructure” in this context refers to the Information Technology components, assets (hardware, software, data), and resources. The staff required to do this, such as programmers and application developers, should be identified or acquired just prior to this step, and should work under the direction of data stewards. The following have been identified by the Exchange Network as possible components of the infrastructure required for data exchange, depending on the needs of an organization. These components should be developed using an approach similar to any software development project, including planning and obtaining functional requirements.  
1. Network Node – software that contains many of the tools that allow bidirectional availability of data. Groups can either construct or purchase nodes, depending on the functional requirements desired or required.

2. Internet-based Submission Systems – A web-based reporting system can stream-line and automate much of the process of gathering an agency’s data from its various field offices and other facilities. Participating offices and facilities are provided with either desktop or web-enabled applications electronically validate, acknowledge receipt, and upload data to a central database, where it is stored and archived. 
Data Exchange Templates and XML Schemas
The Exchange Network Registry should be checked to ensure that an XML Schema does not currently exist for a specific data flow before work is done to design and build one from scratch. Exchange Network-compliant data formats are constructed using agreed-upon standards for developing Data Exchange Templates (DETs). These are also open standards that are neutral in terms of software and hardware considerations. 

Construction or modification of XML Schemas should employ the design principles of the following guides identified by the Exchange Network:

1. The Core Reference Model (http://exchangenetwork.net/documents/CRM_V1.0_03-31-2003_Release.pdf)
2. XML Design Rules (http://www.exchangenetwork.net/Documents/EP211S1_0_XML)

3. Data Standards (http://oaspub.epa.gov/emg/EDSCDATASTDS$startup)
Additionally, regional recommendations developed by PNAMP, NED, StreamNet, and others will be used as further guidance and will be supplemented by the Exchange Network’s Data Standards List where appropriate. 

Summary
Appendix A

Indicators and Metrics to Support Regional VSP Status and Ecological Limiting Factor Assessments 

(Note the following table is a draft short list of common metrics,  the : Blue and Green rows are identified as current priority metrics, yellow rows uncertain fish metric, light blue or white are outside of initial scope  and  the grey rows are alternative terms)
	Subject Area
	Subject
	Indicator/Metric
	Ranking
	Definition
	Units
	Relevance
	SpatialScales
	TemporalScales
	Equation
	Populations

	Physical
	Sediment/soils/substrate
	Accretion Rates/ Aggradation
	High priority
	Reveals sedimentation rates from measurements of prehistoric, early historic, pre-diking, post-diking, and post restoration. (mm/yr)
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Area: By Habitat Type
	High priority
	Unit of Area typically reported in Acres; or square miles or kilometers
	
	
	
	
	
	

	Physical
	Sediment/soils/substrate
	Bank Stability
	High priority
	Streambank stability is an index of firmness or resistance to disintegration of a bank based on the percentage of the bank showing active erosion (alteration) and the presence of protective vegetation, woody material, or rock. A stable bank shows no evidence of breakdown, slumping, tension cracking or fracture, or erosion (Overton et al. 1997).
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Bankfull Width
	High priority
	Bankfull width is the width of the channel (water surface) at the bankfull stage, where bankfull stage corresponds to the channel forming discharge that generally occurs within a return interval from 1.4 to 1.6 years and may be observed as the incipient elevation on the bank where flooding begins.
	
	
	
	
	
	

	Physical
	Sediment/soils/substrate
	Bed Scour/Erosion Rate
	High priority
	The rate at which geomorphological processes wear awaysediment/ land surfaces
	
	
	
	
	
	

	Chemical
	Water Quality
	Carbon Dioxide Concentrations
	High priority
	The concentration of carbondioxide in a specified environemnt, air or water. 
	
	
	
	
	
	

	Biological
	Fish
	Composition/Structure: Habitat (Assemblage)
	High priority
	The type and amount of various types of speices within a specified area. 
	
	
	
	
	
	

	Physical
	Sediment/soils/substrate
	Composition: Soil  (grain size, organic matter)
	High priority
	Dominant soil type and composition (grain size, percent organic matter)
	
	
	
	
	
	

	Biological
	Species
	Composition: Species (Assemblage)
	High priority
	1. Data on which species are present by density or diversity. 2. Benthic macroinvertebrate assemblages in streams reflect overall biological integrity of the benthic community. Because benthic communities respond to a wide array of stressors in different ways, it is often possible to determine the type of stress that 
	
	
	
	
	
	

	Physical
	Sediment/soils/substrate
	Composition: Substrate-Dominant Type
	High priority
	Dominant substrate refers to the most common particle size that makes up the composition of material along the streambed. This indicator describes the dominant material in spawning and rearing areas. 
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Condition: Habitat Type
	High priority
	Effects of estuary tributary watersheds on floodplain habitats
	
	
	
	
	
	

	Chemical
	Water Quality
	Conductivity
	High priority
	Conductivity (or specific conductance) refers to the ability of water to conduct an electric current. The conductivity of water is a function of water temperature and the concentration of dissolved ions. It is measured as micromhos/centimeter (μmhos/cm)
	
	
	
	
	
	

	Chemical
	Pollution
	Contaminant Concentration:  Water
	High priority
	 The concentration of a toxin or pollutant.  (Parts per Thousand (PPT) , Parts per Million (PPM), Parts Per Billion (PPB)).  i.e.. Chemicals: OrganoChlorides, PCB's, PBDEs, Pharmaceuticals, Pesticides, Herbicides;   Heavy Metals: Cadmium, Mercury, Lead, Silver, Copper; and Organics: Oil.
	
	
	
	
	
	

	Chemical
	Pollution
	Contaminant Concentration: Sediments 
	High priority
	Sediment chemical contamination compared with WA State Sediment Management Standards and National sediment criteria.
	
	
	
	
	
	

	Physical
	Light
	Cover: Canopy 
	High priority
	
	
	Riparian canopy cover over a stream is important not only in its role in moderating stream temperatures through shading, but it also serves to control bank stability and provides inputs of coarse and fine particulate organic materials. Organics from riparian vegetation become food for stream organisms and structure to create and maintain complex channel habitat.
	
	
	
	

	Physical
	Environemntal Conditions
	Cover: Fish
	High priority
	Fish cover consists of such things as algae, macrophytes, woody debris, overhanging vegetation, undercut banks, large substrate, and artificial structures that offer concealment cover for fish and macroinvertebrates. This information is used to assess habitat complexity, fish cover, and channel disturbance.
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Depth Fines
	High priority
	Depth fines refer to the amount of fine sediment (<0.85 mm) within the streambed. Depth fines will be estimated at a depth of 1530 cm (6-12 inches) within spawning gravels.
	
	
	
	
	
	

	Chemical
	Water Quality
	Dissolved Oxygen (DO)
	High priority
	1. The amount of oxygen in solution in the water, 2. Maximum daily maximum and maximum weekly maximum: 3. DO concentration refers to the amount of oxygen dissolved in water. Its concentration is usually measured in mg per liter (mg/L). The capacity of water to hold oxygen in solution is inversely proportional to the water temperature. Increased water temperature lowers the concentration of DO at saturation. Respiration (both plants and animals) and biochemical oxygen demand (BOD) are the primary factors that reduce DO in water. Photosynthesis and dissolution of atmospheric oxygen in water are the major oxygen sources.
	
	
	
	
	
	

	Physical
	Sediment/soils/substrate
	Embeddedness
	High priority
	Embeddedness is a measure of the degree to which fine sediments surround or bury larger particles. This measure is an indicator of the quality of over-wintering habitat for juvenile salmonids.
	
	
	
	
	
	

	Biological
	Water Quality
	Fecal Coliform: Concetration
	High priority
	The concentration of Fecal coliform in a water sample.
	
	
	
	
	
	

	Physical
	Hydrology/Streamflow
	Flow:  Water Velocity (currents)
	High priority
	Currents are the rates and patterns of water movement. (cm/sec)
	
	
	
	
	
	

	Physical
	Hydrology/Streamflow
	Flow: Water Withdrawals 
	High priority
	The Volume of water removed from over time 
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Gradient
	High priority
	Stream gradient is the slope (change in vertical elevation per unit of horizontal distance) of the water surface within a site or reach. Although gradient is not usually affected by land-use activities, it is a major classification variable that indicates potential water velocities and stream power, which in turn control aquatic habitat and sediment transport within the reach.
	
	
	
	
	
	

	
	
	
	High priority
	It is also an index of habitat complexity, as reflected in the diversity of water velocities and sediment sizes within the stream reach.
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Habitat Type  
	High priority
	Type of habitat.  See Northwest Habitat Institute habitat classification tool for list of types.
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Large Woody Debris(LWD)/Structures (pieces/km)
	High priority
	LWD consists of large pieces of relatively stable woody material located within the bankfull channel and appearing to influence bankfull flows. LWD is also referred to as large organic debris (LOD) and coarse woody debris (CWD). LWD can occur as a single piece (log), an aggregate (two or more clumped pieces, each of which qualifies as a single piece), or as a rootwad. The definition of LWD differs greatly among institutions. For example, NMFS (1996) defined LWD east of the Cascade Mountains as any log with a diameter greater than 30 cm (1 ft) and a length greater than 10.6 m (35 ft). Armantrout (1998) and BURPTAC (1999) defined LWD as any piece with a diameter >10 cm and a length > 1 m. Schuett-Hames et al. (1994) defined it as any piece with a diameter >10 cm and a length >2 m, while Overton et al. (1997) defined LWD as any piece with a diameter >10 cm and a length >3 m or two-thirds of the wetted stream width. Crews on the Wenatchee National Forest currently define LWD as any piece with a diameter >15 cm and a length >6 m. Because of the wide range of definitions, this plan recommends that LWD be placed within three size categories: >10cm diameter x >1 m long; >15-cm diameter x >6 m long; and >30-cm diameter x >3 m long.
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Length: By Habitat Type
	High priority
	i.e. Dike Length, Buffer Length, Spawning Habitat Upstream of Impediment  etc.
	
	
	
	
	
	

	Physical
	Light
	Light
	High priority
	Light refers to the solar energy utilized by plants in photosynthesis.
	
	
	
	
	
	

	Chemical
	Water Quality
	Nitrogen
	High priority
	Nitrogen in aquatic ecosystems can be partitioned into dissolved and particulate nitrogen. Most water quality monitoring programs focus on dissolved nitrogen, because it is more readily available for both biological uptake and chemical transformations. Both dissolved and particulate nitrogen can be separated into inorganic and organic components. The primary inorganic forms are ammonia (NH4+), nitrate (NO3-), and nitrite (NO2-). Nitrate is the predominant form in unpolluted waters.
	
	
	
	
	
	

	Chemical
	Water Quality
	pH
	High priority
	1. The Acidity of the Water, 2. Maximum daily maximum and maximum weekly maximum: 3. pH is defined as the concentration of hydrogen ions in water (moles per liter). It is a measure of how acidic or basic water is—it is not a measure of acidity or alkalinity (acidity and alkalinity are measures of the capacity of water to neutralize added base or acid, respectively). The logarithmic pH scale ranges from 0 to 14. Pure water has a pH of 7, which is the neutral point. Water is acidic if the pH value is less than 7 and basic if the value is greater than 7.
	
	
	
	
	
	

	Chemical
	Water Quality
	Phosphorus
	High priority
	Phosphorus can also be separated into two fractions, dissolved and particulate. Dissolved phosphorus is found almost exclusively in the form of phosphate ions (PO4-3), which bind readily with other chemicals. There are three main classes of phosphate compounds: orthophosphates, condensed phosphates, and organically-bound phosphates. Each can occur as dissolved phosphorus or can be bound to particulate matter. In general, biota use only orthophosphates.
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Pools per kilometer
	High priority
	number of pools per kilometer and residual pool depth. A pool is slow-water habitat with a gradient less than 1% that is normally deeper and wider than aquatic habitats upstream and downstream from it (Armantrout 1998). To be counted, a pool must span more than half the wetted width, include the thalweg, be longer than it is wide, and the maximum depth must be at least 1.5 times the crest depth. Plunge pools are included in this definition even though they may not be as long as they are wide. 
	
	
	
	
	
	

	Biological
	Phyto Plankton
	Primary Production Index
	High priority
	A measure of the rate of organic matter production from photosynthesis
	
	
	
	
	
	

	
	
	Rugosity
	High priority
	Rugosity, fr, is a measure of small-scale variations or amplitude in the height of a surface
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Structures: By Type 
	High priority
	LWD, Boulder, pools, Dikes, Piling, Piers, Over water, rock barbs, piprap, revetments, bulkheads.Reefs, etc.
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Transport: Organics
	High priority
	Export of invertebrates (aquatic and terrestrial) and coarse organic detritus from headwaters to habitats downstream as an important attribute of productivity. The movement of prey items and organic detritus among habitats has a strong influence on fish populations, food webs, community dynamics, and ecosystem processes (Wipfli and Gregovich 2002). 
	
	
	
	
	
	

	Physical
	Water Quality
	Turbidity
	High priority
	Turbidity refers to the amount of light that is scattered or absorbed by a fluid. Suspended particles of fine sediments often increase turbidity of streams. However, other materials such as finely divided organic matter, colored organic compounds, plankton, and microorganisms can also increase turbidity of streams or other waterbodies.
	
	
	
	
	
	

	Physical
	Water Quality
	Water Temperature
	High priority
	1. A measure that expresses the temporal and spatial dynamics of the thermal energy content of the air and water. 2. Maximum daily maximum and maximum weekly maximum
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Wetted Width
	High priority
	Wetted width is the width of the water surface measured perpendicular to the direction of flow. Wetted width is used to estimate water surface area, which is then used to calculate the density (i.e., number of fish divided by the water surface area sampled)36 of fish within the site or reach.
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Width/Depth ratio
	High priority
	The width/depth ratio is an index of the cross-section shape of a stream channel at bankfull level. The ratio is a sensitive measure of the response of a channel to changes in bank conditions. Increases in width/depth ratios, for example, indicate increased bank erosion, channel widening, and infilling of pools. Because streams almost always are several times wider than they are deep, a small change in depth can greatly affect the width/depth ratio.
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Width: of Habitat Type 
	High priority
	Width of a specified habitat type, i.e. Buffer Width, etc.
	
	
	
	
	
	

	Biological
	Fish
	Age Structure: Species
	High priority
	1. Reveals the life history strategy by species. 2. Age of juvenile speciespresent. Expressed as life stage (fry, fingerling, subyearling, yearling): 3. Age structure describes the ages of adult fish within the spawning population. For anadromous species, age structure includes the number of years the fish spent in freshwater and number of years in salt water. Size describes the lengths and weights of adult fish within the spawning population. Sex ratio is the ratio of males to females within the spawning population. Origin identifies the parentage (hatchery or wild) of individuals within the spawning populations, while genetics defines not only the parentage but also within and between population variability. Fecundity is the number of eggs produced by a female
	
	
	
	
	
	

	Biological
	Fish
	Carcasses
	High priority
	The count of dead body of an animal
	
	
	
	
	
	

	Biological
	Fish
	Carrying Capacity
	High priority
	The carrying capacity of a biological species in an environment is the population size of the species that the environment can sustain in the long term, given the food, habitat, water and other necessities available in the environment
	
	
	
	
	
	

	Biological
	Fish
	Condition: Of Life Stage
	High priority
	The condition (or well-being) of fish can be assessed by measuring the length (fork length for salmonids, FL mm; total length for all other species, TL mm) and weight (g) of juvenile fish. The plan includes Fulton-type condition as the metric for well-being of juvenile fish (Anderson and Neumann 1996). The Fulton-type condition factor is of the form: K = (W/L3) x 100,000,   where K = Fulton-type condition, W = weight in grams, and L = length in millimeters. The constant 100,000 is a scaling constant used to convert small decimals to mixed numbers so that the numbers can be more easily comprehended.
	
	
	
	
	
	

	
	
	Distribution: Species
	High priority
	Distribution is the spatial arrangement of  a species or life stage within populations. It also captures the geographic range of individuals within a specified area, i.e. watershed or basin.: (1. Describes where the juvenile speciesare, i.e., which habitats they are using, 2. Where juvenile speciesare located in the estuary)
	
	
	
	
	
	

	
	
	Distribution: Temporal
	High priority
	1. Provides data on when the fish are present in the estuary. The combination of species composition, age-structure, and temporal distribution characterizes life history diversity. 2. When juvenile fish are present and abundance peaks
	
	
	
	
	
	

	Biological
	Fish
	Effective Population Size (Ne)
	High priority
	Undefined
	
	
	
	
	
	

	Biological
	Fish
	Fecundity
	High priority
	Fecundity is the number of eggs produced by a female
	
	
	
	
	
	

	Biological
	Fish
	Growth Rate
	High priority
	1. The combination of species composition, age-structure, and temporal distribution characterizes life history diversity. 2. Amount of weight gained (lost) on average by species per unit time
	
	
	
	
	
	

	
	
	Length: of species by lifestage
	High priority
	The length of a species at a specified life stage
	
	
	
	
	
	

	Biological
	Fish
	Life Stage Type
	High priority
	The level of maturation an animal species observed attains. i.e. Juveniles,  adult, 
	
	
	
	
	
	

	Biological
	Fish
	Marking
	High priority
	A type of mark used to distinguish individual's various attributes, by methods that include tags, punches, skin clips, etc.
	
	
	
	
	
	

	Biological
	Fish
	Mortality Rate
	High priority
	Mortality rate is a measure of the number of deaths (in general, or due to a specific cause) in some population, scaled to the size of that population, per unit time
	
	
	
	
	
	

	Biological
	Fish
	Origin 
	High priority
	Origin identifies the parentage  of individuals within a species population, (Hatchery-Origin or Natural-Origin)
	
	
	
	
	
	

	Biological
	Fish
	Presence/Absence: Species
	High priority
	Undefined
	
	
	
	
	
	

	Biological
	Fish
	Productivity: 
	High priority
	1. The ratio of a species output over input for a specified lifestage and habitat range. 2. the ratio of adult returns to adult spawners (NOAA TRT),  3. The ratio of 
	
	
	
	
	
	

	Biological
	Fish
	Redd Abundance
	High priority
	Abundance describes the number of redds (nests) of fish species within as area. Total numbers (based on a complete census) will be estimated for spawning anadromous species, while numbers of redds of other species (e.g., steelhead and bull trout) will be estimated within index areas and sites selected randomly (following EMAP). 
	
	
	
	
	
	

	Biological
	Fish
	Redd Distribution: 
	High priority
	Distribution indicates the spatial arrangement (e.g., random, even, or clumped) and geographic extent of redds within a specified area.
	
	
	
	
	
	

	Biological
	Fish
	Relative Reproductive Success (RRS)
	High priority
	The number of progeny born, or surviving progeny produced by a species relative to another population or subset representative of the reference or natural conditions.
	
	
	
	
	
	

	Biological
	Fish
	Reproductive Success (Nb/N)
	High priority
	The number of progeny born, or surviving progeny produced by an species. 
	
	
	
	
	
	

	Biological
	Fish
	Sex  type
	High priority
	Male or Female
	
	
	
	
	
	

	Biological
	Fish
	Sex ratio
	High priority
	Sex ratio is the ratio of males to females within the species aggregate 
	
	
	
	
	
	

	Biological
	Fish
	Size: Species at Life stage
	High priority
	Size describes the lengths and weights of a species or life stage. 
	
	
	
	
	
	

	Biological
	Fish
	Stray Rate (percentage)
	High priority
	The percentage or fraction of a species that stray and mix with a known gene pool
	
	
	
	
	
	

	Biological
	Fish
	Survival Rate
	High priority
	1. Estimated for juveniles of selected species and life history types for the reach from Bonneville Dam to the CR mouth, and also for selected areas of the estuary. 2. Proportion of total population entering an area that are alive when they leave
	
	
	
	
	
	

	Biological
	Fish
	Survival: by Species and Life Stage 
	High priority
	The number of species that remain alive to a specified time at for a specified geographic range or  location; (i.e. to a dam , Upstream or downstream, in hatchery, after release from a hatchery, during or after transportation, etc.).  (Typically a percentage based on total population size and known mortality.)
	
	
	
	
	
	

	
	
	Timing: Life Stage 
	High priority
	The time period a species life stage is present. i.e. migration timing, spawning timing, breeding timing.
	
	
	
	
	
	

	Biological
	Fish
	Abundance:  Species and Life Stage
	Uncertain priority
	Abundance describes the number of species or lifestage within a specified area. 
	
	
	
	
	
	

	Biological
	Fish
	Age: at Life Stage
	Uncertain priority
	The length of time that a species life stage  has existed; duration of life, usually represented in years.
	
	
	
	
	
	

	
	
	Air Temperature
	Uncertain priority
	1. A measure that expresses the temporal and spatial dynamics of the thermal energy content of the air and water. 2. Maximum daily maximum and maximum weekly maximum
	
	
	
	
	
	

	Biological
	Fish
	Beaver Ponds
	Uncertain priority
	The number of beaver ponds in a specified area
	
	
	
	
	
	

	Biological
	Fish
	Catch and Release  Mortality
	Uncertain priority
	the ratio of deaths in an area to the population of that area Caught and release in sporting activities
	
	
	
	
	
	

	Biological
	Fish
	Catch Biomass
	Uncertain priority
	The mass of living organisms, and dead matter captured through sport activities
	
	
	
	
	
	

	Biological
	Fish
	Catch Number 
	Uncertain priority
	The number of individual species captured through sport activities
	
	
	
	
	
	

	Biological
	Fish
	Catch Per Unit Effort
	Uncertain priority
	The number of individual species captured through sport activities, over unit time
	
	
	
	
	
	

	Biological
	Fish
	Chlorophyll Concentration
	Uncertain priority
	Concentration of chlorophyll-a in a defined water sample
	
	
	
	
	
	

	Biological
	Fish
	Days of Acclimation
	Uncertain priority
	The number of days a species is held in captivity to acclimate for release into a new environment.
	
	
	
	
	
	

	Biological
	Fish
	Descaling
	Uncertain priority
	The  percentage of scales lost by a fish under specific conditions 
	
	
	
	
	
	

	Biological
	Fish
	Diversity: Change 
	Uncertain priority
	1. Change in life history or genetic diversity of individual species.  S 
	
	
	
	
	
	

	Biological
	Fish
	Escapement: by Species and Life Stage
	Uncertain priority
	Escapement of mature adults as an important biological indicator of population health. “Total” escapement is the total number of mature adults that enter or occur within a stream or watershed. “Spawning” escapement is the number of adults that spawn in a stream or watershed. Numbers of mature adults within a stream or watershed is a function of all the factors that affect the life history of the population.
	
	
	
	
	
	

	Biological
	Fish
	Exclusion: Species
	Uncertain priority
	1. The act of excluding, or of shutting out, whether by thrusting out or by preventing admission; a debarring; rejection; prohibition; the state of being excluded.
	
	
	
	
	
	

	
	
	
	Uncertain priority
	2. The act of expelling or ejecting a foetus or an egg 
	
	
	
	
	
	

	Biological
	Fish
	Fecundity by Age
	Uncertain priority
	The number of eggs produced by a females of different ages
	
	
	
	
	
	

	Biological
	Fish
	Fecundity by Size
	Uncertain priority
	The numebr of eggs produced by females of various sizes
	
	
	
	
	
	

	Biological
	Fish
	ELISA Values: by sex
	Uncertain priority
	enzyme-linked-immunosorbent serologic assay, ELISA (an assay that relies on an enzymatic conversion reaction and is used to detect the presence of specific substances (such as enzymes or viruses or antibodies or bacteria)) 
	
	
	
	
	
	

	Biological
	Fish
	Foraging Success
	Uncertain priority
	Index of food habits of species
	
	
	
	
	
	

	Physical
	Environemntal Conditions
	Form/Morphology: By Habitat Type (Channel, Floodplain, etc)
	Uncertain priority
	A classification of  habitat strucutres: needs clarification,  Incision, valley width, etc.  
	
	
	
	
	
	

	Biological
	Fish
	Fraction: Species
	Uncertain priority
	The percentage or fraction of a spcified metric by life stage or species variation. 
	
	
	
	
	
	

	Biological
	Fish
	Genetics: Diversity or Variation
	Uncertain priority
	Genetic characterization (via DNA microsatellites) describes lineage and within- and between-population genetic variability
	
	
	
	
	
	

	Physical
	Hydrology/Streamflow
	Ground Water Level Change
	Uncertain priority
	The change in ground water level over a specified period of time
	
	
	
	
	
	

	Biological
	Fish
	Injury
	Uncertain priority
	Undefined
	
	
	
	
	
	

	Biological
	Fish
	Life History Type
	Uncertain priority
	Ocean  Type and Stream Types, Out-migrant, Freshwater Rearing, other. Etc
	
	
	
	
	
	

	Biological
	Fish
	Microsatellite genotypes
	Uncertain priority
	Undefined
	
	
	
	
	
	

	
	
	Migration Pathways
	Uncertain priority
	Characterizes the corridors where a species lifestages predominately are found migrating from place of origin.
	
	
	
	
	
	

	Biological
	Fish
	Mortality: Cause on Species and Life Stage
	Uncertain priority
	Cause of death by species and life stage.
	
	
	
	
	
	

	Biological
	Fish
	Predation Index
	Uncertain priority
	Relative approximation of the amount of predation on a species as a whole or lifestage.
	
	
	
	
	
	

	Biological
	Fish
	Pre-release Mark Retention
	Uncertain priority
	Percentage of  species that retain marking or tags prior to release into the environment
	
	
	
	
	
	

	Biological
	Fish
	Prey Availability
	Uncertain priority
	Type and energy content of prey items
	
	
	
	
	
	

	Biological
	Fish
	Prey Indices
	Uncertain priority
	Undefined
	
	
	
	
	
	

	Biological
	Fish
	Progeny-per- Parent Ratio (P:P) (Productivity)
	Uncertain priority
	1. The ratio of a species output over input for a specified lifestage and habitat range. 2. Freshwater productivity
	
	
	
	
	
	

	Biological
	Fish
	Productivity: Recruit/Spawner (R/S)(Smolt Equivalents per Redd or female)
	Uncertain priority
	The productivity of  a species from recruits/parent
	
	
	
	
	
	

	Biological
	Fish
	Replacement rate: Hatchery Origin
	Uncertain priority
	Undefined
	
	
	
	
	
	

	Biological
	Fish
	Residualism Rates
	Uncertain priority
	Rates or percentage of a steelhead population that remain resident species. 
	
	
	
	
	
	

	Biological
	Fish
	Size: Ratios
	Uncertain priority
	Size describes the lengths and weights of a species or life stage relative to 
	
	
	
	
	
	

	Biological
	Fish
	Stock Identity
	Uncertain priority
	?1. Genetic analyses to determine fish distinct population segemtns DPS 2. Composition of juvenile fish population  classified by DPS
	
	
	
	
	
	

	Biological
	Fish
	Smolt-to-Adult Return Rate (SAR)
	Uncertain priority
	Survival ratio of adults over smolts
	
	
	
	
	
	

	Biological
	Fish
	Take
	Uncertain priority
	The number of occurences of  ESA“take” includes to harass, harm, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to engage in any such conduct
	
	
	
	
	
	

	Biological
	Fish
	Time: Residence
	Uncertain priority
	Amount of time species' lifestage  inhabit particular areas.
	
	
	
	
	
	

	
	
	Air Quality: Particulate Concentration
	Outside scope
	Inhalable particulates in air (measured as PM2.5 levels) 
	
	
	
	
	
	

	
	
	Area Lost/ Removed: By Habitat Type 
	Outside scope
	The percent of blocked habitat from a census of manmade barriers
	
	
	
	
	
	

	
	
	Area Protected/Preserved: By Habitat Type: 
	Outside scope
	Undefined
	
	
	
	
	
	

	
	
	Area Restored/Created: By Habitat Type:  
	Outside scope
	1. Tally of acres protected, conserved, restored, enhanced, or created. 2. Provides a way to track habitat actions.
	
	
	
	
	
	

	
	
	Bathymetry
	Outside scope
	Bathymetry is a collection of depth points that represent the gradients of elevation and depth change along a surface.
	
	
	
	
	
	

	
	
	Bio-Diversity
	Outside scope
	The number of Species
	
	
	
	
	
	

	
	
	Competition: Species
	Outside scope
	competition, in biology, relationship between members of the same or different species in which individuals are adversely affected by those having the same living requirements, such as food or space. Intraspecific competition, i.e., competition among members of the same species, is illustrated by some species of birds and mammals (How is this measured?)
	
	
	
	
	
	

	
	
	Contaminant Index: Fish Tissue 
	Outside scope
	73 sites in PS estuarine area in 1999-2000.  Measured deviation from EPA Advisory Guidance Values 
	
	
	
	
	
	

	
	
	Contaminant Tissue  Body Burden 
	Outside scope
	Need to select indicator toxins, and assess fish tissue and body burden. Possibilities include mercury and PCBs.
	
	
	
	
	
	

	
	
	Contaminant Type
	Outside scope
	1. The name of the contamination 2. the type of environment contaminated, sediment, aqueous, Biologic tissue
	
	
	
	
	
	

	
	
	Contaminant:  Concentration
	Outside scope
	The percentage of a contaminant, (Toxin, heavy metal, hormone, Nutrient, etc) in a specified environment
	
	
	
	
	
	

	
	
	Date 
	Outside scope
	The date captured as yyyymmdd  
	
	
	
	
	
	

	
	
	Density: species
	Outside scope
	1. The abundance of a species over a specified unit of area, 
	
	
	
	
	
	

	
	
	Detectors
	Outside scope
	The number of any device that receives a signal or stimulus (as heat or pressure or light or motion etc.) and responds to it in a distinctive manner  
	
	
	
	
	
	

	
	
	Differential Conversion Rates (D-Value)
	Outside scope
	Undefined
	
	
	
	
	
	

	
	
	Disease type
	Outside scope
	The name of the disease
	
	
	
	
	
	

	
	
	Disease Occurrence and Treatments
	Outside scope
	Undefined
	
	
	
	
	
	

	
	
	DiseaseConcentration: By Life Stage Infected
	Outside scope
	The percentage of a species or life stage infected by a disease.
	
	
	
	
	
	

	
	
	Disease: Infection Rate
	Outside scope
	The rate of disease or viral  infection of a species
	
	
	
	
	
	

	
	
	Dissolved Gas Concentration (By Gas)
	Outside scope
	The concentration of dissolved gas in aqueas solution, by specific gas (CO2 O2 others etc.)
	
	
	
	
	
	

	
	
	Disturbance: Habitat Type
	Outside scope
	Riparian disturbance refers to the presence and proximity of various types of human land-use activities within the riparian area. Activities include such things as walls, dikes, riprap, dams, buildings, pavement, roads and railroads, pipes, trash, parks, lawns, mining, agriculture, pastures, and logging. All these activities have an effect on the riparian vegetation, which in turn affects the quantity and quality of aquatic habitat for listed fish species.
	
	
	
	
	
	

	
	
	Domoic Acid Contaminant Levels
	Outside scope
	Species indicator for domoic acid exposure and concentrations that will not cause adverse effects.  
	
	
	
	
	
	

	
	
	Downwelling/Upwelling Indices
	Outside scope
	Index of coastal upwelling and downwelling  ( Use NOAA NWFSC Definition)
	
	
	
	
	
	

	
	
	Ecosystem Structures Map
	Outside scope
	?  Aerial Photos and Photo Points
	
	
	
	
	
	

	
	
	Edge/Density/ Sinuosity
	Outside scope
	1. Provides an interface for transfer of energy between wetlands and the main channel; speciesforage. 2. Total edge, density, and sinuosity of floodplain and tidal channels/ organized by subarea and habitat type
	
	
	
	
	
	

	
	
	Elevation: Surface Water
	Outside scope
	Percentage of time and frequency a site is covered with water
	
	
	
	
	
	

	
	
	Elevation: Topography/Bathymetry
	Outside scope
	Topography measures the height of a point on the surface of the sediment or soil of a location, expressed relative to a datum point.  Bathymetry measures the height of a point on the surface of the sediment or soil of a location, expressed relative to a datum point of sea level or lake level. 
	
	
	
	
	
	

	
	
	ENSO Indices
	Outside scope
	Composit index of El Nino Sounthern Oscillation 
	
	
	
	
	
	

	
	
	Eutrophication Sensitivity 
	Outside scope
	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.
	
	
	
	
	
	

	
	
	Food Web Interaction: Species
	Outside scope
	Species diet and prey as an indicator of trophic and food web relationships.  Data set exists for s. 
	
	
	
	
	
	

	
	
	Glacier Mass Balance
	Outside scope
	the difference between accumulation and ablation (melting and sublimation). 
	
	
	
	
	
	

	
	
	Habitats: Off-channels 
	Outside scope
	Type of habitat separated from mainstem habitat
	
	
	
	
	
	

	
	
	Head of tide
	Outside scope
	The  point of tidal influence 
	
	
	
	
	
	

	
	
	Impediments: Number of Artificial Fish Barrier
	Outside scope
	Primary indicator. # of barriers caused by culverts, weirs, and man-made gradient changes. Seattle Public Utilities and Stillwater Science, 2007.
	
	
	
	
	
	

	
	
	Impervious Surfaces (area)
	Outside scope
	The area of Habiat classified as impervious habitat
	
	
	
	
	
	

	
	
	Incision: Channel
	Outside scope
	Wetted width  to depth 
	
	
	
	
	
	

	
	
	Land Cover
	Outside scope
	Acres of forest cover based on long-term data in Puget Sound region and areas with elevations less than 1000 feet
	
	
	
	
	
	

	
	
	Land Ownership
	Outside scope
	Land ownership describes the surface status of the basin. That is, it delineates the portions of the basin owned by federal, state, county, tribal, and private entities. 
	
	
	
	
	
	

	
	
	Land Use
	Outside scope
	Land use, on the other hand, delineates the portions of the basin that are subject to specific land uses, such as urban, agriculture, range, forest, wetlands, etc.
	
	
	
	
	
	

	
	
	Landslide Potential, Risk
	Outside scope
	Landslide risk from Catosrophic risk Appendix
	
	
	
	
	
	

	
	
	Life Stage Type: Mature Vegetation (Percentage) 
	Outside scope
	The level of maturation a species observed attains. 
	
	
	
	
	
	

	
	
	Liver Disease in English sole
	Outside scope
	Average risk for English sole 1) developing liver lesions and 2) exposure to PAHs at selected locations. Data collected by WDFW, NOAA 17 years
	
	
	
	
	
	

	
	
	Macro-detritus concentration
	Outside scope
	Concentration of the organic debris formed from the decay of organisms  that is visible 
	
	
	
	
	
	

	
	
	Micro-detritus concentration
	Outside scope
	Concentration of the organic debris formed from the decay of organisms  that is very small or microscopic.
	
	
	
	
	
	

	
	
	Nesting Habitat Area
	Outside scope
	Spatiel extent of a species nesting grounds.
	
	
	
	
	
	

	Biological
	Fish
	Nests/redds: Species
	Outside scope
	The number of  nests for a given species 
	
	
	
	
	
	

	
	
	Nutrients (nitrogen, phosphorous)
	Outside scope
	1. Nutrients are inorganic chemical constituents needed for plant and animal growth. 2. Total nitrogen, total suspended nitrogen, ammonia, nitrite, nitrite + nitrate, total phosphorus, orthophosphate, dissolved organic carbon, suspended organic carbon, and inorganic suspended carbon.
	
	
	
	
	
	

	
	
	Ocean Conditions
	Outside scope
	These indicators characterize conditions in the nearshore ocean, a key habitat because of ecological interconnections between estuary and ocean due to ocean currents, tides, and river discharge. (Temporal and spatial distributions and abundance, Species composition and density, Water temperature in surface layer, Stage of the Pacific decadal oscillation
	
	
	
	
	
	

	
	
	Pathogen  Type
	Outside scope
	The name of the pathogen
	
	
	
	
	
	

	
	
	Pathogen Values
	Outside scope
	The concentration  of specified pathogens in a species over a given range or life stage.
	
	
	
	
	
	

	
	
	PDO Indices
	Outside scope
	A compisite index of the Pacific Decal oscillation ocean conditions representative for a specific time period
	
	
	
	
	
	

	
	
	Redox Potential
	Outside scope
	1. Measured from pore water at selected sites and used to evaluate organic accumulation, 2. Ability to support vegetation
	
	
	
	
	
	

	
	
	Regional Climate Change
	Outside scope
	Estuarine effects of global climate change via Cascade Mountains and Pacific Ocean
	
	
	
	
	
	

	
	
	Residual pool depth
	Outside scope
	Residual pool depth refers to the maximum depth of a pool if there is little or no flow in the channel. It is calculated as the difference between the maximum pool depth and the maximum crest depth (Overton et al. 1997).
	
	
	
	
	
	

	
	
	Road Densiy: Area or Habitat Type 
	Outside scope
	length of roads over unit of area
	
	
	
	
	
	

	
	
	Road Use/ Decommissioning
	Outside scope
	A measure of the number of vehicle that use a length or road, or roads that are no longer in use.
	
	
	
	
	
	

	
	
	Run-off Coefficient by area
	Outside scope
	run-off  coefficient value over  a specified area
	
	
	
	
	
	

	
	
	Salinity
	Outside scope
	1. The concentration of salts in the water, 2. Maximum daily maximum and maximum weekly maximum.
	
	
	
	
	
	

	
	
	Sediment Quality Index
	Outside scope
	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. Purpose is to summarize the info on g
	
	
	
	
	
	

	
	
	Snow Pack
	Outside scope
	Snowpack measurements taken on April 1 (roughly peak snowpack date) 
	
	
	
	
	
	

	Biological
	Fish
	Status and Trend (Change): Species
	Outside scope
	The status of and object of study and change in status over time (positive or negative).  May be a modifier for any of the indicators or metrics
	
	
	
	
	
	

	
	
	Time: Actual
	Outside scope
	The actual time in military time 
	
	
	
	
	
	

	
	
	Time: Duration
	Outside scope
	The years, days, hours, minutes,  or seconds recorded
	
	
	
	
	
	

	
	
	Transport: Solids
	Outside scope
	Movement of solid particles (sediment) due to the movement of the fluid in which they are entrained. (Volume)
	
	
	
	
	
	

	Biological
	Fish
	Radioactivity
	Outside scope
	Concentration of radiation in mrem/
	
	
	
	
	
	

	
	
	Acres of Habitat by Habitat Type: See Area: 
	Outside scope
	
	
	
	
	
	
	

	
	
	Aggradation Rate: See Accretion Rate
	Outside scope
	
	
	
	
	
	
	

	
	
	Ecological Function: See Condition: Habitat Type
	Outside scope
	
	
	
	
	
	
	

	
	
	Froude number (Fr): See Rugosity
	Outside scope
	The Froude number is a dimensionless number comparing inertia and gravitational forces. It may be used to quantify the resistance of an object moving through water, and compare objects of different sizes.
	
	
	
	
	
	

	
	
	Gas Concentration: See Dissolved Gas Concentration
	Outside scope
	
	
	
	
	
	
	

	Biological
	Fish
	Harassment: See Take
	Outside scope
	Occurences of  Take
	
	
	
	
	
	

	
	
	Locations of redds: See Redd Distribution
	Outside scope
	
	
	
	
	
	
	

	
	
	Migration Impediments; See Fishways, Dams, Culverts:
	Outside scope
	
	
	
	
	
	
	

	
	
	Migration Timing: See Timing
	Outside scope
	
	
	
	
	
	
	

	
	
	Miles of Habitat by Habitat type: See Length  Habitat 
	Outside scope
	
	
	
	
	
	
	

	
	
	Number of ..  
	Outside scope
	The number of an object of study. May be a modifier to many of the idenified metrics and indicators  Also see Abundance
	
	
	
	
	
	

	
	
	Nutrients : See nitrogen, phosphorous
	Outside scope
	
	
	
	
	
	
	

	
	
	Passage Barriers: See Impediments
	Outside scope
	Undefined
	
	
	
	
	
	

	
	
	Passage: Downstream:  See Survival or escapement
	Outside scope
	
	
	
	
	
	
	

	
	
	Passage: Upstream:  See Survival or escapement
	Outside scope
	
	
	
	
	
	
	

	
	
	Pharmaceutical Concentration
	Outside scope
	see contaminant
	
	
	
	
	
	

	
	
	Physical Habitat: See definition for alternatives
	Outside scope
	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 h
	
	
	
	
	
	

	
	
	Predation: See Mortality 
	Outside scope
	Undefined
	
	
	
	
	
	

	
	
	Pre-spawn Mortality:  See Mortality
	Outside scope
	
	
	
	
	
	
	

	
	
	Road Crossings: See Impediments
	Outside scope
	Roads and highways are common and where they intersect streams they may block fish passage. Culverts can block passage of fish particularly in an upstream direction (WDFW 2000). In from existing culverts, leading to the conclusion that free passage is not possible (Clay 1995). 
	
	
	
	
	
	

	
	
	Run Prediction : See  Abundance
	Outside scope
	
	
	
	
	
	
	

	
	
	Run-timing: Life stage: See  Timing
	Outside scope
	
	
	
	
	
	
	

	
	
	Sea Level:  See Elevation
	Outside scope
	level of the ocean's surface (especially that halfway between mean high and low tide); used as a standard in reckoning land elevation or sea depth 
	
	
	
	
	
	

	
	
	Sediment Size
	Outside scope
	Composition: Substrate-Dominant Type
	
	
	
	
	
	

	
	
	Shade: See  Cover
	Outside scope
	
	
	
	
	
	
	

	
	
	Spatial Distribution: See Distribution
	Outside scope
	
	
	
	
	
	
	

	
	
	Spawn Timing: See Timing; Life Stage 
	Outside scope
	
	
	
	
	
	
	

	
	
	Spawners: See Life Stage Type
	Outside scope
	
	
	
	
	
	
	

	
	
	Stream Flow: See Flow 
	Outside scope
	Average daily freshwater inflow into Puget Sound from nine major rivers
	
	
	
	
	
	

	
	
	Tagged and Marked see marking
	Outside scope
	Undefined
	
	
	
	
	
	

	
	
	Topography: See Elevation
	Outside scope
	
	
	
	
	
	
	

	
	
	Toxics: See Contaminants
	Outside scope
	
	
	
	
	
	
	

	
	
	Viability Attributes:  See (Abundance, Productivity, Diversity, Spatial Distribution)
	Outside scope
	Undefined
	
	
	
	
	
	

	
	
	Water Discharge: See Flow
	Outside scope
	
	
	
	
	
	
	

	
	
	Wetland Area: See Area: by Habitat Type
	Outside scope
	
	
	
	
	
	
	

	
	
	Wetland Type: See Habitat Type Classification
	Outside scope
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