Columbia River Basin Monitoring Framework

Background and Introduction

The Columbia Basin is the focus of one of the largest and most extensive ecosystem restoration programs in the world. As partners in the Basin work to mitigate, enhance, and recover fish and wildlife, a common framework
 to monitor whether these actions are accomplishing their intended outcomes is desirable. This monitoring framework should provide a foundation for adaptive management plans that is transparent and brings as much clarity as possible to priority setting and decision making. 

This document outlines a monitoring framework which is intended to provide guidance for as many monitoring programs
 as possible. For this framework to be successful it is important that programs communicate, exchange data, and collaborate as feasible with other Columbia Basin Programs. 

Purpose and Scope

The purpose and intent of this monitoring framework is to allow Columbia Basin partners to better manage investments in monitoring and evaluation. This is achieved by providing a structure to guide development and implementation of regional and subregional monitoring. The guidelines help inform decisions about where, why, what, and how much to monitor to provide the information needed to facilitate adaptive management. Additionally, this basin-wide framework assists in identifying and filling gaps necessary to standardize and integrate local monitoring strategies. The framework, in essence, becomes the template against which programs as well as individual projects can be evaluated for fit. 
General Decisions Informed

The information collected through this framework should also serve to inform and guide the decision-making points addressing basin-wide policy and management questions. The decisions informed by this framework would arise from such forums as the Northwest Power and Conservation Council’s Fish and Wildlife Program, Endangered Species Act (ESA) Recovery Plans, Federal Columbia River Power Supply Biological Opinion and its adaptive management implementation plan, and regional and local fish and wildlife management authorities. For instance, information would be needed to guide decision such as the ESA recovery plans’ need to know the population status relative to VSP criteria for abundance, productivity, spatial structure, and diversity
. However, the decisions informed by this framework should be focus on those derived from a common set of decision-points shared among the various policy arenas.
General Guidelines

This monitoring framework establishes general guidelines for each sub-framework of monitoring (e.g., salmonid, resident fish, and wildlife monitoring), while not being prescriptive, so as to allow local strategies to reflect local geographic, ecological, and biological constraints, and also be respectful of local partners’ unique values, goals and responsibilities.

1. Each sub-framework (e.g., salmonid monitoring) must establish minimum components that each local monitoring strategy will have in common for species status and trend, action effectiveness monitoring, and project implementation and compliance. These components are: 

a. shared management questions; 

b. indicators to evaluate these shared management questions; and

c. standards for spatial and temporal distribution of monitoring as well as desired accuracy and precision levels. 

2. Local strategies should demonstrate how programs and projects meet local monitoring needs and contribute to a comprehensive monitoring framework. 

3. Criteria need to be developed to inform prioritization of filling identified gaps at the basin-wide and local scales.

4. Monitoring data should be fully documented and accessible, following regional data management standards
.
Sub-Frameworks Implementing the Monitoring Framework

A comprehensive Columbia River Basin Monitoring Framework consists of multiple sub-frameworks addressing the various fish and wildlife monitoring needs. Below is a proposed salmonid monitoring sub-framework for status and trend (i.e., Viable Salmon Population), habitat effectiveness and artificial production effectiveness monitoring. The other components of the salmonid monitoring sub-framework, such as habitat status and trend, will be addressed through subsequent processes. The other sub-frameworks also will need to be developed.
Salmonid Monitoring  Sub-Framework
In the Columbia River basin considerable efforts are focused on restoring tributary and estuary salmonid habitat, improving salmonid passage conditions, using hatcheries to aid in rebuilding some fish runs while supporting harvest, and reducing undesired salmonid predation. All of these funded actions are being done in a statutorily and ecologically complex setting, underscoring the need to adaptively manage resources to ensure that they are being used effectively for recovering and restoring salmonids. It is our desire to establish and maintain sufficient data to support sound decision while striking a right balance with on-the-ground project implementation.

A salmonid monitoring sub-framework that provides the data necessary for adaptive management
 is presently lacking
. This is partially due to the multiple authorities requiring monitoring, including but not limited to the Northwest Power and Conservation Council’s Fish and Wildlife Plan, Federal Columbia River Power System Biological Opinion (FCRPS BiOp), Endangered Species Act recovery plans, and State and Tribal fish management decision support. With this as the background, it is critically important to have a salmonid monitoring sub-framework that lends transparency to prioritization decisions and informs adaptive management. To remain relevant, it is essential for this sub-framework to be a living document that is informed and modified by continuous evaluation of existing programs, changing circumstances and new scientific information. 

Sub-Framework Guidelines
The salmonid monitoring sub-framework outlined here includes (1) anadromous fish population status and trend criteria, specifically Viable Salmonid Population (VSP) metrics (2) artificial production effectiveness, and (3) habitat effectiveness monitoring. These three are components of a broader monitoring framework for anadromous fish in the Columbia River Basin. 

The accuracy and precision of VSP metrics and other critical metrics (smolt abundance, pHOS, age, sex, etc) will be reported. If current survey designs cannot report precision and accuracy, then designs will need to be modified. Under most circumstances anadromous primary populations, were identified, will be monitored at a higher precision level than other populations. Typical exceptions can include a population at an immediate high risk of extinction, a population approaching delisting goals, or as part of an agreement. If funding is inadequate to address all monitoring, than explicit monitoring choices based on management decisions will developed including not monitoring all VSP metrics, not monitoring all populations or species, monitoring some populations at a lower level of precision than required/desired, and developing rotating designs where not all populations are monitored every year. 

VSP – Abundance and Productivity:

Adult abundance is the most important VSP parameter to monitor and will be monitored for all populations at some minimum intensity or time interval. Measuring adult abundance and productivity requires an estimate of spawning escapement, age structure, origin (hatchery/wild), and harvest. 

Juvenile migrants, used to estimate juvenile production, will be monitored in at least one primary population per major population group (strata) in each ESU (i.e., Fish In/Fish Out monitoring). Abundance and age structure of natural-origin smolts will be monitored, and freshwater productivity will be estimated for all fish in/out populations. 
VSP –Spatial Structure and Diversity:

There is a strong need to develop quantifiable criteria for spatial structure and diversity metrics. For now, research needs to be directed to help better define the monitoring approaches and methodologies across species, populations, and ecosystem types.
Habitat Effectiveness:


Evaluating the effectiveness of habitat actions that are being implemented is critical to adaptive management. The assessment of the effect of habitat actions on fish survival will require a combination of several research and monitoring approaches combined with the use of habitat and fish response models. Research and monitoring studies will use BACI designs when possible to assess fish response to standard restoration actions. These research and monitoring approaches consist of:
(1) Intensively Monitored Watershed (IMW) research should be implemented where cumulative effects of an action or actions are assessed at a population scale through monitoring population productivity and associated habitat conditions. The monitoring sub-framework should ensure that the network of IMWs reflects the variety of habitat action types, ecoregions, species, and life history types. 

a. One to two studies should be implemented per habitat action type.
b. Preference should be given to IMW programs that focus on multiple species as they are more cost-effectives than single species programs. 

(2) Watershed-scale monitoring similar to IMWs, but implemented at a sub-population scale, should be used where a more extensive population level IMW approach is impractical.
(3) Project-based monitoring measuring physical and biological effects of individual habitat actions should be implemented at a reach or appropriate scale. 
a. Two to three studies should be implemented per category of project type. 
(4) Large scale status and trend monitoring of population productivity and habitat condition should be implemented to assess effects of habitat actions through correlation of productivity change to habitat condition 
a. Fish-in and fish-out monitoring with habitat condition monitoring should be implemented for at least one population per MPG.
b. Physical habitat condition trends should be described by high precision monitoring across the Columbia River basin using a probabilistic sampling approach. 
c. Landscape scale remote sensing data on vegetation, riparian and stream channel morphology should be collected. 
(5) Project implementation monitoring should be collected for all projects, identifying the type, level of intensity, and limiting factor(s) addressed by the restoration actions.
(6) Habitat-fish response models will use the various populations, watershed and project level monitoring to estimate and extrapolate fish and habitat responses expected from various actions. 
Artificial Production Effectiveness:

Monitoring strategies should also be implemented to assess and adaptively manage hatchery programs to respond to mitigation goals, recovery criteria, and supplementation effectiveness using a three-pronged approach: 1) investigation of the long-term trends in the abundance and productivity of supplemented populations relative to un-supplemented populations; 2) conduct  a series relative reproductive success studies to quantify short-term impacts; and 3) implement intensive small-scale studies designed to elucidate various biological mechanisms by which introduction of hatchery-produced fish may influence natural population productivity. Conduct implementation and compliance monitoring should be implemented consistent with AHSWG guidelines for every hatchery program. Supplementation effectiveness evaluations on a subset of hatchery programs should be implemented consistent with AHSWG guidelines. Monitoring information on artificial production effectiveness should be integrated and assessed to address large scale uncertainties and management questions in the Columbia River basin.  

Reporting and Data Management:

Monitoring programs must be transparent and report results in a timely manner. Therefore, these programs require adequate resources for internal (SGS, juvenile, age & scales, otolith, and genetic) and external (Coastwide GIS, RMIS for CWT, PTAGIS of PIT tags, and acoustic tags) database development and management, and for analysis, and reporting
.  
The following pages illustrate the salmonid monitoring sub-framework as it applies four VSP criteria (abundance, productivity, spatial structure, diversity), artificial production effectiveness, and habitat effectiveness. The management questions listed in the tables below represent examples of policy-interests at the basin-wide scale.
VSP Criteria Monitoring Sub-Framework – ABUNDANCE

[Comment pertaining to inclusion of Management Questions: I strongly suggest removing management questions  from all sub frameworks as they are unique to each entity and process. It is our individual jobs to assure our respective entities have established questions/decisions and the Standard established in this framework are responsive to our unique questions. ]

	EXAMPLE OF MANAGEMENT QUESTIONS

· What is the abundance of anadromous fish in the Columbia River Basin?

· What is the population-level natural spawner abundance relative to TRT viability criteria or recovery plan goals?

· What is the variance in population-level adult abundance estimates?
	INDICATORS

· Number of hatchery- and natural-origin spawners

· Hatchery- and natural-origin escapement 

· Coefficient of variation



	STANDARDS
· High precision annual adult status and trend data for at least one population per MPG (high-precision monitoring should be invested in TRT “must have” or recovery plan “high priority” populations first)
· Lower precision annual adult status and trend data of known certainty and power for every population

· The proportion of hatchery-origin fish must be monitored for all populations

· Adult monitoring should utilize standardized methods and procedures that permit the aggregation of estimated population-level abundance (and certainty levels) at greater spatial scales (e.g., MPG and ESU/DPS)



	PRIORITIZATION CRITERIA

1st –Fill gaps where a MPG lacks high-precision monitoring for at least one –

2nd –High precision monitoring should be invested in TRT “must have” or recovery plan “high priority” populations first

3rd –Ensure, at a minimum, lower precision monitoring of known certainty exists for every population

4th –Gaps in lower precision monitoring should be filled first for TRT “must have” populations, then for TRT “optional must-have” populations, and lastly for TRT “maintenance” or “sustaining” populations 

5th –Improvements to existing lower precision monitoring by should be implemented first for populations that are closest to contingency triggers (e.g., FCRPS adaptive Management Implementation Plan) or furthest from established viability targets/recovery goals.


VSP Criteria Monitoring Sub-Framework – PRODUCTIVITY

	EXAMPLE OF MANAGEMENT QUESTIONS

· What is the abundance of anadromous fish in the Columbia River Basin?

· What is the status and trend in population-level adult:adult productivity relative to TRT viability criteria or recovery plan goals?

· What is the status and trend of population-level smolt:adult productivity?

· What is the variance about adult and smolt productivity estimates?


	INDICATORS

· Adult:adult

· Lambda

· Smolt:Adult

· Coefficient of variation

	STANDARDS
· Annual estimates of adult:adult productivity of known certainty for each population

· Annual estimates of juvenile migrants of known certainty and power for at least one population per MPG. Monitoring of juvenile production should be conducted for populations with high-precision adult monitoring.

· Juvenile monitoring should utilize standardized methods and procedures that permit the aggregation of population-level estimates (and certainty levels) at greater spatial scales (e.g., MPG and ESU/DPS) where available and appropriate.



	PRIORITIZATION CRITERIA

1st –Fill gaps where a MPG lacks juvenile monitoring paired with high-precision adult monitoring for at least one MPG

· Paired adult and juvenile monitoring should be invested in TRT “must have” or recovery plan “high priority” populations first

2nd –Implement improvements to existing juvenile monitoring to improve estimates at the population-scale and/or to improve certainty and power to necessary levels

3rd –Expand juvenile monitoring to more than one population per MPG for those populations with higher survival and recovery gaps.


VSP Criteria Monitoring Sub-Framework – SPATIAL STRUCTURE

	EXAMPLE OF MANAGEMENT QUESTIONS

· Has there been a change in the spawning distribution within populations?

· Has there been a change in the relative distribution natural production across populations within an MPG?

· Has there been a changed in the connectivity among populations within an MPG

· What is the variance about the estimate of spawning distribution?


	INDICATORS

· Number and distribution of spawner areas

· Change in spawner density and distribution

· Change in juvenile density and distribution

· Coefficient of variation

	STANDARDS
· Periodic surveys of adult and juvenile density and distribution at the population and/or MPG scale. 
· Monitoring of spatial distribution should utilize standardized methods and procedures (e.g., total census or probabilistic sampling) that permit the evaluation of changes in distribution at the population and MPG scales and the estimation of precision.



	PRIORITIZATION CRITERIA

1st –Fill gaps where an MPG lacks any periodic spatial distribution monitoring (at the population or MPG scale).

2nd –Expand/add/improve spatial distribution monitoring particularly for populations where the improvement or removal of passage barriers is a key component of the recovery strategy. 


VSP Criteria Monitoring Sub-Framework – DIVERSITY

	EXAMPLE OF MANAGEMENT QUESTIONS

· Has there been a change in the genetic or phenotypic diversity of the species at the population, MPG, or ESU scales?


	INDICATORS

· Genetic diversity (e.g., FST)

· Juvenile/adult migration timing

· Spawn timing

· Age distribution

· Age at maturity

· Fecundity

· Sex ratio



	STANDARDS
· Periodic sampling of population genetic diversity (e.g., based on single nucleotide polymorphisms (SNPs)) 

· Periodic monitoring of population phenotypic diversity (e.g., juvenile outmigration timing, adult run timing, spawn timing, age distribution, age at maturity, fecundity, sex ratio).



	PRIORITIZATION CRITERIA

1st –Initiate population genetic/phenotypic diversity monitoring where baseline information does not exist.

2nd –Expand/add/improve population diversity monitoring for populations where threats to diversity (e.g., hatchery introgression, climate change) are prominent factors limiting recovery. 


Artificial Production Effectiveness Monitoring Sub-Framework
	EXAMPLE OF MANAGEMENT QUESTIONS

· Are artificial production programs successful in meeting their implementation and biological performance objectives, such as juvenile release and adult harvest goals?

· Have artificial production strategies been effective in maintaining or improving the ecological processes, phenotypic and genetic characteristics, and reproductive fitness of natural populations?

· Are artificial production programs effective in reducing the ratio of hatchery-origin spawners through the use of harvest, weirs, or a mixture of techniques?

· Can properly designed intervention programs using artificial production make a net positive contribution to recovery of listed populations?  

· What is the reproductive success of hatchery fish spawning in the wild relative to the reproductive success of wild fish?


	INDICATORS

· Number of hatchery- and natural-origin spawners

· Hatchery- and natural-origin escapement 

· Hatchery- and natural-origin lambda

· Genetic and phenotypic indicators

· Stray rates

	STANDARDS

· Conduct implementation and compliance monitoring per AHSWG guidelines  on every hatchery program. 

· Conduct supplementation effectiveness evaluations on a subset of hatchery programs consistent with AHSWG guidelines and supported by an experimental framework.
· Require utilization of Ad Hoc Supplementation Work Group (AHSWG) standardized performance measures.

· Conduct Relative Reproductive Success (RRS) studies on at least six populations of spring/summer Chinook salmon, at least six populations of steelhead, at least two studies on ocean-type (fall) Chinook, and at least 3 stuidies  of reintroduced populations  throughout the Columbia Basin.

· Estimate direct harvest estimates of hatchery origin fish in mainstem and terminal area fisheries. 
·  The relative proportion of natural- and hatchery-origin spawners must be robustly determinable through representative marking of hatchery releases (e.g., through internal or external marking, tagging, or other means).

· The genotypic and phenotypic characteristics of the hatchery broodstock and any local natural populations must be periodically monitored.



	PRIORITIZATION CRITERIA

1st – Add artificial production effectiveness monitoring studies to ensure a sufficiently diverse representation of program types, eco-geographical distribution, and propagated species to inform future adaptive management.


Habitat Effectiveness Monitoring Sub-Framework
	EXAMPLE OF MANAGEMENT QUESTIONS

· Have habitat restoration actions been effective in improving habitat condition?

· Have habitat restoration actions been effective in improving fish status, productivity, and/or distribution?

· What are the expected cumulative benefits of multiple habitat restoration actions on population abundance, productivity and survival?

· What are the habitat limiting factors or threats preventing the achievement of desired habitat performance objectives?


	INDICATORS

· Habitat condition indicators

· Smolt:Adult



	STANDARDS

· Implement BACI experimental design studies in watersheds where sufficient habitat restoration actions may be effectively implemented and monitored to effect a detectable change in monitored fish status (high precision adult abundance and smolt production) and habitat response indicators.

· The implementation of all regional and local restoration efforts should be reported and monitored using consistent implementation tracking metrics (e.g., PISCES implementation of RPA 73, PCSRF database).

· Implement at least one intensively monitored watershed (IMW) for each domain and address different limiting factors by coordinating IMW sites and designs across the Pacific Northwest 

	PRIORITIZATION CRITERIA

1st –Select populations based on large survival gap to be filled by habitat restoration actions and maximum synergy between BiOp FCRPS RPA requirements, TRT must have populations, IMWs (habitat effectiveness monitoring), accord monitoring, hatchery effectiveness monitoring, representativeness of MPG populations, and multiple species coverage. 
2nd –Implement habitat effectiveness monitoring studies where there is commitment by funding entities to fully implement restoration actions over a short period such that fish and habitat response may be detected.

3rd –Add habitat effectiveness monitoring studies to ensure a sufficiently diverse representation of treatment types, eco-geographical distribution, target species and life stages, and limiting factors addressed to inform habitat modeling efforts and adaptive management. 


� Framework - is the standard basin-wide monitoring structure and approach which guides all local monitoring strategies


� Programs - are coordinated collections of projects designed to implement the local strategy. Programs may represent comprehensive portfolios of integrated projects implemented by several agencies in partnership, or by one agency alone.


� FCRPS BiOp (RPAs and AMIP) decision points: What is the ESU /DPS status relative to the jeopardy standard; survival with adequate potential for recovery, Previously - trending to recovery; What are adult fish abundances relative to the early warning and significant decline triggers identified in the Adaptive Management Implementation Plan?; Early Warning Indicator = 20% of average base period abundance in a 4-year running average; Significant Decline Indicator = 10% of average base period abundance in a 4-year running average; Have specific habitat improvement targets identified in the RPAs been achieved? 





Council FW Program, Do adult fish returns to the Columbia River and passage at Bonneville Dam meet the Council’s Fish and Wildlife Program goal?; What are smolt to adult return rates (SARs) relative to the Council’s Fish and Wildlife Program goal?; 





Regional and local fish and wildlife management authorities: What is population status relative to state and tribal criteria?; What are annual and in-season ESA impact levels relative to those allowed in the Columbia River Fisheries BiOp and Fisheries Management Evaluation Plans?





HSRG and HGMP criteria: to be identified ?





� Initial attempt at defining basewide prioritization criteria will occur during the second day of the anadromous monitoring workshop (Nov 3rd 2009) for the salmonid monitoring sub-framework.


� A regional data management and collaboration process will be initiated during 2010.


� “Adaptive management promotes flexible decision making that can be adjusted in the face of uncertainties as outcomes from management actions and other events become better understood. This process incorporates data from varying spatial scales; local (population, reach, watershed), region (Major Population Group (MPG), Evolutionarily Significant Unit (ESU), subbasin), and basin-wide (Columbia Basin, Pacific Northwest, province). Careful monitoring of these outcomes both advances scientific understanding and helps adjust policies or operations as part of an iterative learning process. Adaptive management also recognizes the importance of natural variability in contributing to ecological resilience and productivity. It is not a “trial and error” process, but rather emphasizes learning while doing. Adaptive management does not represent an end in itself, but rather a means to more effective decisions and enhanced benefits. Its true measure is in how well it helps meet environmental, social, and economic goals, increases scientific knowledge, and reduces tensions among stakeholders” (NRC 2004). 


� Multiple attempts, both historically and ongoing, to establish a regional plan for research, monitoring and evaluation (RME) have occurred. Most in their unique way has provided useful products, insights, and guidance. However, not one has established a common vision or direction for RME in the Columbia River Basin. The task at hand is to integrate the various RME planning products provided to date and the various ongoing RME planning processes within a context of Columbia River Basin manager decision forums. 


� A regional data management and collaboration process will be initiated during 2010.


� Compiled list of Fishery Management Decisions: David R. Marmorek, Marc Porter, Darcy Pickard and Katherine Wieckowski. 2008. Collaborative Systemwide Monitoring and Evaluation Project (CSMEP) – Year 5, Project No. 2003-036-00, Annual Report for FY 2008. CBFWA Portland OR. Available http://www.cbfwa.org/csmep/web/documents/general/Documents/CSMEP_FY08AnnualReport.pdf (November 2009).





�Need to provide more definition - or clarity so know :


1- alignes with UC


2- what is an IMW - define more clearly


3- more clearly define habitat projects that fit this 


…. Need further refinement & perhaps more generalized so applies to more than just FCRPS Biop
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