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Section 1. Introduction

Section 1.1. Scope of this Appendix

The purpose of this appendix is to provide the reader with an understanding of how monitoring in the Wenatchee Subbasin is being implemented under the Bonneville Power Administration (BPA) Integrated Status and Effectiveness Monitoring Program (BPA Project #2003-017-00; ISEMP Program).  This document was developed at the request of BPA as a guide that BPA can use to track its monitoring investments in the Wenatchee Subbasin.  The need for this document is the result of the many complexities of the ISEMP Program, including:

· The scope of the monitoring work being implemented in the Wenatchee Subbasin is large and is complicated by the participation of several entities operating under multiple funding sources.  

· While much of this monitoring work is being conducted using following the designs described in the Monitoring Strategy for the Upper Columbia Basin (Hillman 2004), not all aspects of Hillman (2004) are being implemented in the Wenatchee Subbasin at this time.  

· Many of the scientific uncertainties being addressed by the implementation of the ISEMP Program in the Wenatchee Subbasin necessitate investigations on multiple spatial and temporal scales.  In some cases, several years may elapse between the initiation of monitoring work and the elucidation of key scientific uncertainties.

Section 1.2. PROGRAM PURPOSE/JUSTIFICATION

The ISEMP Program seeks to develop two novel monitoring and evaluation programs: (i) subbasin-scale pilot status and trend monitoring efforts for anadromous salmonids and their habitat in the Wenatchee, John Day and South Fork Salmon/Lemhi River Subbasins, and (ii) effectiveness monitoring for suites of habitat restoration projects in selected watersheds within the three target subbasins.  This work – critical for implementing the 2000 National Marine Fisheries Service Federal Columbia River Power System Biological Opinion (BiOp) including RPA Actions 180, 181, and 183 – builds on current status and trend monitoring programs within each of these basins.  Several regional and local organizations are funding and implementing these programs.  In short, this ISEMP Program will integrate existing and new monitoring and evaluation activities in three pilot subbasins to help ensure that provisions of the BiOp are satisfied.

Section 1.3. Technical Guidance

Monitoring being implemented under the ISEMP Program is following protocols specified in Hillman (2004).  ISEMP Program monitoring work is being coordinated through the Upper Columbia Regional Technical Team. 

Section 1.4. Monitoring Contracts and Scopes of Work

The ISEMP Program addresses a complex and large set of scientific uncertainties underlying status, trend, and effectiveness monitoring programs at many spatial and temporal scales.  The ISEMP Program also examines scientific uncertainties underlying selected monitoring methodologies.  For these reasons, multiple entities have been enlisted to conduct aspects of this program, in many cases by building upon existing monitoring efforts and sharing costs with other programs and in all cases by using the expert staff that each agency is able to provide.

In 2004, a total of 12 entities – government agencies, Indian tribes, private companies, non-profit institutes, and universities – were contracted to implement components of the ISEMP Program.  A similar breadth of participation is expected in years 2005, 2006, and beyond.  The remainder of this section identifies the participants in the ISEMP Program and summarizes the work these entities were contracted to perform in 2004.

Hillman (2004) identifies a core set of 16 biological and 31 physical/environmental indicator variables that are to be monitored in the Upper Columbia Basin (Table 1.4. 1).  Many of these are being monitored as part of ISEMP in the Wenatchee Subbasin while others are being monitored as part of other programs.  The list of participating entities and the work they are performing are roughly listed in order of relevance to project development/management and in order corresponding to the indicator variables.

The work elements performed by these entities often expand upon previous and other current monitoring work being conducted by the contractor or other entities.  While this document focuses on work elements being funded by BPA, work funded by other entities is referenced.  Details regarding other monitoring programs or interrelated work elements (e.g. cooperation between BPA contractors to perform a single work element) can be found in the implementation strategies of the other monitoring programs or within specific scopes-of-work between BPA and the entities discussed in this document. 

Bonneville Power Administration (BPA) – BPA is paying for the design, management, coordination, and implementation of ISEMP monitoring activities under Project #2003-017-00.  Through the implementation of this Project, BPA is meeting, in part, a number of obligations included in the NMFS 2000 FCRPS BiOp performing, through contracts with multiple vendors, landscape, status, trends, and effectiveness monitoring, and developing a shared database to house and distribute monitoring data.  ISEMP also meets the RME strategies and substrategies outlined in the Updated Proposed Actions (in Section IV, Substrategy 2.2 AER-Habitat, p. 97 of the November 2004 revised FCRPS BiOp).

National Oceanic and Atmospheric Administration (NOAA) – NOAA is the sponsor of Project #2003-017-00, the ISEMP Program.  NOAA is responsible for the coordination of design and implementation of ISEMP across three pilot Columbia River subbasins including the Wenatchee, John Day, and South Fork Salmon/Lemhi River.  NOAA is also coordinating, scoping and designing a data management needs assessment for ISEMP.  Finally, NOAA will be conducting preliminary data analysis and statistical analysis for monitoring and experimental design.

BioAnalysts, Inc. – BioAnalysts prepared the Monitoring Strategy for the Upper Columbia Basin (Hillman 2004) which is the blueprint for the ISEMP Program implementation in the Wenatchee Subbasin.  This document describes monitoring strategies and statistical designs applicable to the Wenatchee and other subbasins in the Upper Columbia ESU.

Terraqua, Inc.  – Terraqua has been coordinating the implementation of ISEMP in the Wenatchee Subbasin.  This coordination work has included: a) fostering the participation of the Upper Columbia Regional Technical Team as an oversight committee for ISEMP, b) revising experimental designs and developing scopes of work and budgets for entities contracting with BPA under ISEMP, c) developing this Implementation Strategy, d) developing a data dictionary and working with NOAA to assist in the development of a ISEMP data management system, e) coordinating ISEMP work in the Wenatchee with that being conducted in other pilot subbasins, f) management of macroinvertebrate analyses, and g) providing contingent field support to other contractors.

Washington Department of Fish and Wildlife (WDFW) – WDFW has used ISEMP funds: a) to augment their existing smolt trapping program to include additional traps at the Monitor, Wa., site and in the Wenatchee River downstream of Lake Wenatchee, b) to expand the temporal scope of smolt trapping at these sites to completely sample outmigrating salmonid smolts for the purpose of production estimates, and c) to expand the temporal and spatial scope of steelhead spawning ground index counts to estimate the total number of steelhead redds in selected streams within the Wenatchee Subbasin.

Yakama Nation (YN) – YN has used ISEMP funds to expand the temporal scope of smolt trapping and to estimate the smolt production of spring Chinook salmon and steelhead for the Nason Creek watershed of the Wenatchee Subbasin.

U.S. Fish and Wildlife Service (USFWS) – USFWS has used ISEMP funds to expand the temporal scope of smolt trapping and to estimate the smolt production of spring Chinook salmon and steelhead for the Peshastin Creek watershed of the Wenatchee Subbasin.

U. S. Forest Service – Wenatchee/Okanogan National Forest (USFS) – USFS has used ISEMP funds: a) to describe the distribution and abundance of steelhead redds within the Wenatchee Subbasin through counts at probabilistically-selected sample sites, b) to evaluate probabilistically-selected sites for the suitability of habitat and snorkel sampling on USFS lands, and c) to conduct snorkel and/or electrofishing surveys at 50 probabilistically-selected sites.

U. S. Forest Service – Wenatchee Forestry Science Lab (Forestry Science Lab) and University of Alaska – Fairbanks (UAF) – The Forestry Science Lab and UAF have used ISEMP funds: a) to test and develop methods for monitoring subcatchments and stream conditions in low-order drainages, particularly the transport of macroinvertebrates from subcatchments, b) to determine the effects of land-use and vegetation cover (as a function of geoclimatic/ecological subregion) on the biological productivity of headwater subcatchments, and c) to link land use, vegetation cover, and the condition of fishless subcatchments to fish communities in downstream habitats.  This work will be conducted in four phases over three years at 60 headwater stream sites in the Wenatchee Basin selected as a stratified random sample.

Washington Department of Ecology (WDOE) – WDOE has used ISEMP funds to characterize channel and riparian habitat quality at 50 probabilistically-selected sample sites and estimate sampling error through re-sampling at five sample sites.  This channel characterization has included the collection of macroinvertebrate samples for the analysis of community composition at each site. 
Chelan County Conservation District (CCCD) – CCCD has used ISEMP funds to characterize water quality at five long-term monitoring sites.

Pacific Biodiversity Institute (PBI) – PBI has used ISEMP funds to: a) develop a landscape classification system, b) assess watershed conditions, and c) develop a GIS system for ISEMP in the Wenatchee Subbasin.

Table 1.4. 1.  A list of general characteristics and specific indicators monitored as part of ISEMP  and related monitoring programs.
	General characteristics
	Specific indicators
	Name of Monitoring Program(s) Examining the Specific Indicator
	Sampling frequency
	Expected Duration of Monitoring
	Spatial Scale

	Adults
	Escapement/Number
	WDFW/USFWS/YN Programs
	Annual
	Decades
	Subbasin

	
	Age structure
	WDFW/USFWS/YN Programs
	Annual
	Decades
	Subbasin

	
	Size
	WDFW/USFWS/YN Programs
	Annual
	Decades
	Subbasin

	
	Sex ratio
	WDFW/USFWS/YN Programs
	Annual
	Decades
	Subbasin

	
	Origin
	WDFW/USFWS/YN Programs
	Annual
	Decades
	Subbasin

	
	Genetics
	WDFW/NOAA Pedigree Study for spring chinook; CCPUD M&E study
	Annual
	Decades
	Subbasin

	
	Fecundity
	?
	Annual
	Decades
	Subbasin

	Redds
	Number
	WDFW and CCPUD for chinook; ISEMP and WDFW for steelhead; YN for coho?; ?sockeye?
	Annual
	Decades
	Subbasin

	
	Distribution
	WDFW and CCPUD for chinook; ISEMP and WDFW for steelhead; YN for coho?; ?sockeye?
	Annual
	Decades
	Subbasin

	Parr/Juveniles
	Abundance
	ISEMP
	Annual
	5 to 20 years
	Subbasin

	
	Distribution
	ISEMP
	Annual
	5 to 20 years
	Subbasin

	
	Size
	ISEMP
	Annual
	5 to 20 years
	Subbasin

	Smolts
	Number
	ISEMP and 
WDFW/USFWS/YN Programs
	Annual
	10 to 20 years
	Subbasin

	
	Size
	ISEMP and 
WDFW/USFWS/YN Programs
	Annual
	10 to 20 years
	Subbasin

	
	Genetics
	ISEMP; WDFW/NOAA Pedigree Study for spring chinook; CCPUD M&E study for spring chinook and steelhead
	Annual
	10 to 20 years
	Subbasin

	Macroinverte-brates
	Composition 
	ISEMP
	Annual
	at least 5 years
	Subbasin

	
	Transport from Headwaters
	ISEMP
	Annual
	3 years
	Subbasin

	Water Quality
	MWMT and MDMT
	ISEMP and WDOE TMDL Programs
	Continuous
	at least 5 years
	

	
	Turbidity
	ISEMP and WDOE TMDL Programs
	Continuous
	at least 5 years
	

	
	Conductivity
	ISEMP and WDOE TMDL Programs
	Continuous
	at least 5 years
	

	
	pH
	ISEMP and WDOE TMDL Programs
	Continuous
	at least 5 years
	

	
	Dissolved oxygen
	ISEMP and WDOE TMDL Programs
	Continuous
	at least 5 years
	

	
	Nitrogen
	ISEMP and WDOE TMDL Programs
	Monthly
	at least 5 years
	

	
	Phosphorus
	ISEMP and WDOE TMDL Programs
	Monthly
	at least 5 years
	

	Habitat Access
	Road crossings
	ISEMP
	2006
	1 year
	Subbasin

	
	Diversion dams
	WDFW
	2006
	1 year
	Subbasin

	
	Fishways
	WDFW
	2006
	1 year
	Subbasin

	Habitat Quality
	Dominant substrate
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Embeddedness
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Depth fines
	USFS
	Periodic
	unknown
	Subbasin

	
	LWD (pieces/km)
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Pools (pools/km)
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Residual pool depth
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Fish cover
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Side channels/backwaters
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	Channel Condition
	Stream gradient
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Width/depth ratio
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Wetted width
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Bankfull width
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Bank stability
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	Riparian Condition
	Riparian structure
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Riparian disturbance
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	
	Canopy cover
	ISEMP
	Annual
	10 to 20 years
	Subbasin

	Flows and Hydrology
	Streamflow
	ISEMP
	Annual
	Decades
	Subbasin

	Ecoregion Classification
	Bailey classification
	ISEMP
	Once, or as science advances
	--
	Regional setting

	
	Omernik classification
	ISEMP
	Once, or as science advances
	--
	Regional setting

	Physiography Classification
	Province
	ISEMP
	Once, or as science advances
	--
	Regional setting

	Geology Classification
	Geologic districts
	ISEMP
	Once, or as science advances
	--
	Regional setting

	Geomorphic Feature Classification
	Basin area
	ISEMP
	Once, or as science advances
	--
	Drainage basin

	
	Basin relief
	ISEMP
	Once, or as science advances
	--
	Regional setting

	
	Drainage density
	ISEMP
	Once, or as science advances
	--
	Regional setting

	
	Stream order
	ISEMP
	Once, or as science advances
	--
	Regional setting

	Valley Segment Classification
	Valley bottom type
	ISEMP
	Once, or as science advances
	--
	Valley segment

	
	Valley bottom width
	ISEMP
	Once, or as science advances
	--
	Valley segment

	
	Valley bottom gradient
	ISEMP
	Once, or as science advances
	--
	Valley segment

	
	Valley containment
	ISEMP
	Once, or as science advances
	--
	Valley segment

	Channel Segment Classification
	Elevation
	ISEMP
	Decadal
	10 to 20 years
	Channel segment

	
	Channel type (Rosgen)
	ISEMP
	Decadal
	10 to 20 years
	Channel segment

	
	Bed-form type
	ISEMP
	Decadal
	10 to 20 years
	Channel segment

	
	Channel gradient
	ISEMP
	Decadal
	10 to 20 years
	Channel segment

	Riparian Classification
	Primary vegetation type
	ISEMP
	every 5 years
	10 to 20 years
	Channel segment

	Watershed Condition
	Watershed road density
	ISEMP
	every 5 years
	10 to 20 years
	Subbasin

	
	Riparian-road index
	ISEMP
	every 5 years
	10 to 20 years
	Subbasin

	
	Land ownership
	ISEMP
	every 5 years
	10 to 20 years
	Subbasin

	
	Land use
	ISEMP
	every 5 years
	10 to 20 years
	Subbasin


Section 2. Program Implementation

For each general characteristic or related group of indicators being monitored (Table 1.4. 1), Section 2.1 presents a series of tables which describe how monitoring for that general characteristic is being conducted in the Wenatchee Subbasin, which scientific uncertainties are being examined as part of the ISEMP Program, the approach ISEMP is taking to answer these uncertainties, and the timeline/schedule for implementation.  These tables address three types of monitoring that are considered within the ISEMP program as well as a consideration of selected monitoring methodologies.

Timelines at three scales (annual, five-year, and 20-year) are provided in Section 2.3 to describe the sequencing and duration of ISEMP monitoring activities.  Strategies for data management are described in Section 2.4 and strategies for data analysis are introduced in 0.

Section 2.1. Three Types of Monitoring Considered within ISEMP

The implementation of monitoring activities in the Wenatchee Subbasin is organized by the three levels of monitoring considered in Jordan (2003) and Hillman (2004):

1. Status Monitoring:  A description of the current conditions in the Upper Columbia ESU.

2. Trend Monitoring:  An analysis of how conditions change over time. 

3. Effectiveness Monitoring:  An analysis of how restoration actions affect fish populations and habitat conditions.

Status and Trend:  Data from status and trend monitoring will be used for a variety of resource management purposes.  The primary utility of the information will be the annual assessment of status and the resulting trends over time for these fishes and their habitat.  However, these categories of monitoring also support restoration action planning and assessment by serving as the baseline information used for action siting, and the baseline against which actions’ biological impacts could be measured. 

Effectiveness Monitoring:  Effectiveness monitoring of restoration actions refers to efforts to determine whether habitat restoration or other fisheries management actions are having the anticipated impact on the habitat and the correlated fish demographic response.  It is a multi-dimensional undertaking with both spatial and temporal components which requires special statistical designs and analysis to “establish cause and effect relationships as in Tier 3 research monitoring” (ISRP 2003).

While “effectiveness monitoring” in the broadest sense can address questions such as “is an individual project effective” and “are classes of projects effective,” in the Wenatchee Subbasin the ISEMP program was developed to answer the question “did projects within a subpopulation or subwatershed effect, on aggregate, the demographic unit?”  The effectiveness monitoring portion of ISEMP will assess the aggregate impact of all habitat restoration projects (ongoing or recently completed) within target watersheds that lie within the Wenatchee Subbasin.  The assessment of actions over which ISEMP exerts little or no siting or implementation control will be a challenge; however, ISEMP is specifically designed to use an observational-studies approach to overcome these challenges(Jordan 2003).
  The effectiveness monitoring portion of ISEMP will: 

(i) monitor physical and environmental indicators for each habitat restoration action at the reach scale within target watersheds, 

(ii) monitor the abundance and distribution of juvenile salmonids associated with restoration actions, 

(iii) monitor control locations for habitat and population indicators within and outside of target watersheds, and

(iv) monitor integrator population (e.g. smolt production) and water quality indicators at the downstream end of target watersheds.  

Item (i) is specific to the watershed-scale effectiveness monitoring.  The trapping specified in (iv), while useful in the status monitoring portion of ISEMP, will be augmented in spatial/temporal scope specifically to meet the needs of effectiveness monitoring.  Items (ii) and (iii) are central to the status monitoring program, though tagging for survival estimates in (ii) are specific to the effectiveness monitoring program.  Thus, the status monitoring program overlaps significantly with the effectiveness monitoring program, and as such, both programs are being implemented concurrently.

The implementation of effectiveness monitoring in the Wenatchee Subbasin under ISEMP began in 2004 with:

(i) the development of an extensive ecological classification system to be used in the “observational studies” statistical approach, 

(ii) the implementation of watershed-scale water quality sampling and the augmentation of efforts to collect watershed-scale population indicators (e.g. expanded redd abundance/distribution surveys),

(iii) the expansion of existing smolt trapping efforts to cover additional target watersheds (e.g. Peshastin Creek) to better sample additional target species (e.g. steelhead) and to generate more statistically robust abundance estimates (e.g. improvements in trapping efficiency at the lower Wenatchee River trapping site),

(iv) the implementation of randomized habitat and juvenile fish sampling surveys to collect data necessary for use as pre-treatment controls.

Continued implementation of the effectiveness monitoring portion of ISEMP in the Wenatchee Subbasin will proceed over the next several years as baseline data for pre-treatment controls is collected.  While a relative lack of on-going or completed large-scale restoration actions that might have measurable effects on watershed-scale habitat/fish demographics could present a challenge for ISEMP effectiveness monitoring if such projects are not undertaken in the near future
, the effectiveness monitoring portion of ISEMP may be tested and put to use in at least two ways:

(i) Data collected through the implementation of the effectiveness monitoring portion of ISEMP could assist the monitoring and evaluation of hatchery programs because other established hatchery monitoring programs may be constrained by sampling limitations and the non-randomized nature of these “treatments” as discussed in Jordan (2003).  Fortunately, the ISEMP design overcomes these statistical concerns and could further those specific hatchery monitoring and evaluation objectives that examine (a) changes in natural replacement rate between supplemented and non-supplemented populations through ISEMP-augmented redd abundance/distribution surveys, (b) changes in freshwater productivity between supplemented and non-supplemented watersheds through ISEMP’s probabilistic Subbasin-scale habitat classification and habitat and juvenile anadromous salmonid sampling, and (c) non-target taxa of concern through ISEMP-funded sampling of macroinvertebrates and fish species not included in hatchery programs (Murdoch and Peven in prep.). 

Specific hatchery actions occur within some watersheds, but not others, allowing for the use of non-supplemented watersheds to serve as experimental controls.  For example, coho salmon are stocked only in Nason Creek (by YN), adult spring chinook are only stocked in Peshastin Creek (by USFWS), and runs? chinook salmon are stocked only in the Chiwawa River (by CCPUD and WDFW?) while no supplementation occurs in the Little Wenatchee and White Rivers.  The effectiveness of these hatchery programs will be more easily determined through the identification and evaluation of treatment and control watersheds of similar character.

Information learned from the application of ISEMP approaches to effectiveness monitoring of hatchery supplementation actions in the Wenatchee may have broad applicability to similar actions conducted throughout the Columbia Basin.

(ii) The ability of the effectiveness monitoring portion of ISEMP to detect watershed-scale signals in habitat and/or fish demographic changes can be tested by regarding the effects of preservation/conservation actions as an aggregate of “treatments” as considered in Jordan (2003).  In the Wenatchee subbasin, land use in the upper watershed is dominated by preservation/conservation actions.  This program will test the assumption that lower river habitat degradation/modifications represent major limitations to basin wide productivity in comparison to the effects of upper watershed preservation/conservation.  Target watersheds for comparisons of ongoing activity will be: Chiwawa River, Nason Creek, Lake Wenatchee, and Peshastin Creek.

Section 2.2. Monitoring Implementation by Indicator

Several dozen scientific uncertainties have been identified that affect the monitoring of the general characteristics identified by Hillman (2004).  In this section, these scientific uncertainties and the analytical approaches that ISEMP is taking to answer them are described in a series of tables (Table 2.1-1 through Table 2.1-10).  Each table describes the monitoring task and presents scientific uncertainties by monitoring type – status, trend, and effectiveness.  Some methodologies common to the three types of monitoring are also affected by important scientific uncertainties, therefore, these tables also describe how ISEMP evaluates the underlying assumptions or alternative methodologies.
Table 2.1-1.  The implementation of adult salmonid sampling and redd surveys as a component of ISEMP in the Wenatchee Subbasin.

	
	Adult Salmonid Sampling and Redd Surveys for Salmon

	Monitoring Tasks
	ISEMP is not directly participating in the sampling of adult salmonids or surveys of salmon redds although this sampling is an important part of the Monitoring Strategy for the Upper Columbia.  ISEMP will make use of this data in the analysis of other monitoring elements.  Adult salmonids of a variety of species – spring chinook salmon, summer chinook salmon, sockeye salmon, coho salmon, steelhead, and bull trout – are sampled at several locations by multiple agencies.  The specific indicators collected through adult sampling vary by agency and location but may include escapement/number, age structure, size, sex ratio, origin (hatchery or wild), genetics, and fecundity.

Video counts of all species? are conducted at Tumwater Dam by WDFW.

Trapping of adults at Leavenworth National Fish Hatchery (LNFH), Tumwater Dam, Dryden Dam, and the Chiwawa River Weir are primarily for broodstock collection although data relevant to effectiveness monitoring is also gathered. 


Trapping Locations / Responsible Agency / (n.c. = not collected)

Species
LNFH
Tumwater Dam
Dryden Dam
Chiwawa Weir

spring chinook
USFWS
WDFW
n.c.
WDFW

summer chinook
n.c.
WDFW
WDFW
n.c.

steelhead
n.c.
WDFW
WDFW
n.c.

coho salmon
n.c.
YN
YN
n.c.

sockeye salmon
n.c.
WDFW
n.c.
n.c.

bull trout
n.c.
??
n.c.
??


Adult spring and summer chinook salmon redds are surveyed throughout the Wenatchee Subbasin by CCPUD and WDFW.  Coho salmon redds are surveyed at index sites by YN??. What about sockeye salmon redd surveys?   Steelhead redd surveys are funded in part by ISEMP and are discussed in Table 2.1-2.  Bull trout redd surveys are conducted by USFWS and USFS at index sites.

	Status, Trend, and Effectiveness Monitoring / Monitoring Methodologies
	As of 2005, ISEMP is not specifically investigating uncertainties associated with adult sampling and salmon redd surveys in the Wenatchee Subbasin although data from these efforts will be used in the analysis of other monitoring elements.


Table 2.1-2.  The implementation of steelhead redd surveys as a component of ISEMP in the Wenatchee Subbasin.
	
	Steelhead Redd Surveys

	Monitoring Tasks
	As part of ISEMP, and partly funded by CCPUD, WDFW will annually estimate the total number of steelhead redds in selected stream reaches if the Wenatchee Subbasin, including all known reaches/tributaries with significant steelhead spawning populations, by conducting index spawning ground counts.  Also as part of ISEMP, USFS will annually estimate the total number of steelhead redds in at least 25 probabilistically-selected streams reaches that represent the entire Subbasin.  See Section 4 for details on the sampling design used to select the probabilistically-located sampling sites.

	Status Monitoring
	Scientific Uncertainty:  Do index spawning ground counts adequately characterize the abundance of steelhead spawning?
Analytic Approach:  Estimate error in abundance estimates from index spawning ground counts based on findings from redd surveys in probabilistically-selected reaches.
Implementation Timeline: Examine data on a yearly basis.  Need to implement for a minimum of three years to generate estimates of interannual variability.  Will likely need to implement for more than three years due to low encounter rates of steelhead redds in probabilistic surveys.

Scientific Uncertainty:  Do spawning ground counts in index reaches adequately characterize the distribution of steelhead spawning?  Do statistically or biologically significant numbers of steelhead spawn in reaches outside of the index reaches?
Analytic Approach:  Compare the number and distribution of steelhead redds from index and probabilistically-selected stream reaches. 
Implementation Timeline:  Examine data on a yearly basis.  Need to implement for a minimum of three years to generate estimates of interannual variability.  Will likely need to implement for more than three years due to low encounter rates of steelhead redds in probabilistic surveys.

Scientific Uncertainty:  What is the extent to which steelhead of hatchery origin spawn naturally in the wild? 
Analytic Approach:  Describe the spatial extent of naturally spawning hatchery fish, the fraction of natural spawners comprised of hatchery fish, and the range of spawning behavior of hatchery fish.
Implementation Timeline:  Examine data on yearly basis and refine field/analytic approach as needed. Need to implement for a minimum of three years to generate estimates of interannual variability.  Will likely need to implement for more than three years due to low encounter rates of steelhead redds in probabilistic surveys.

	Trend Monitoring
	Scientific Uncertainty:  Does interannual variability in spawning distribution affect our ability to detect abundance trends?  What is the minimum sampling frame before trends can be predicted?
Analytic Approach:  Georeferencing of steelhead redds in index and probabilistically-selected stream reaches will allow us to better understand the natural variability in the distribution of steelhead spawning.
Implementation Timeline:  Unknown; perhaps five to 20 years depending on the variability in spawner distribution, physical environmental factors, and life history.

Scientific Uncertainty:  Can we develop a sufficiently strong relationship between index reach surveys and probabilistic surveys that can be used to convert historic index reach-based abundance estimates into a more accurate time series of steelhead abundance? 
Analytic Approach:  Use correlation analysis to develop the relationship between abundance estimates generated from probabilistic and index reach-based surveys.
Implementation Timeline:  Unknown, perhaps five to 20 years.


	Effectiveness Monitoring
	Scientific Uncertainty:  Have steelhead supplementation programs increased the number of naturally spawning adults in target populations and do natural replacement rates of the two types of populations remain similar?
Analytic Approach:  Augment traditional index reach-based surveys with probabilistic steelhead redd surveys and apply any updates in historic abundance time series that are developed.
Implementation Timeline:  Implementation of this monitoring element will proceed according to adaptive management schedules set forth in the final monitoring and evaluation plan for CCPUD hatchery program.

Scientific Uncertainty:  Do the habitat preservation/conservation measures implemented on and near National Forest lands affect the abundance and distribution of steelhead redds in the Wenatchee Subbasin.
Analytic Approach:  Compare steelhead redd abundance and distribution between watersheds with high, versus low, preservation/ conservation.
Implementation Timeline:  Unknown; perhaps 10 to 20 years before a signal will be observed.

	Monitoring Methodologies
	Scientific Uncertainty:  Which sampling universe should be used for steelhead redd surveys.
Analytic Approach:  In 2004, steelhead redd surveys were conducted at probabilistically-selected habitat sampling sites (with sites above known fish passage barriers skipped). 
Implementation Timeline: Re-evaluate after in 2005.  Test new sampling design after completing the first five-year rotating panel.

Scientific Uncertainty:  Can index and spatially balanced sampling be combined to optimize data collection for indicators as temporally variables as steelhead redds?
Analytic Approach:  Assess spatio-temporal variance patterns of index areas and compare with spatially balance samples.
Implementation Timeline:  Unknown; perhaps three to 10 years.

Scientific Uncertainty:  What is the cost/benefit (cost/information gained) relationship for index surveys as compared to probabilistic sampling?
Analytic Approach:  Compare costs and the amount and quality of information gained from both types of surveys.
Implementation Timeline:  Need to implement for a minimum of three years to generate estimates of interannual variability.  Will likely need to implement for more than three years due to low encounter rates of steelhead redds in probabilistic surveys.

Scientific Uncertainty: Steelhead redds remain visually identifiable for a limited period of time which is primarily influenced by high flow conditions.  What is the optimum sampling frequency for steelhead redd surveys? 
Analytic Approach:  Characterize the visual “life span” of steelhead redds surveyed in index reaches and apply any new knowledge to optimize the cost effectiveness of periodic surveys at probabilistic sampling sites. 
Implementation Timeline:  Study in 2005 and 2006 after steelhead redd survey data has been collated and reported.  Study relevant data collected by WDFW in previous years.  Study in additional years if necessary to capture variation in high flow conditions. 

Scientific Uncertainty: Can probabilistic surveys be improved by enhanced spatial coverage or more frequent temporal coverage?  What are the cost/benefit tradeoffs of the number of sites surveyed, the number of times a site is surveyed, and the length of surveyed sites?
Analytic Approach:  Assess the spatial distribution of individual redds, redd “life span,” and survey cost information.
Implementation Timeline:  Examine data after the first five-year rotating panel for steelhead redd surveys has been completed.


Table 2.1-3.  The implementation of parr/juvenile fish surveys as a component of ISEMP in the Wenatchee Subbasin.

	
	Parr/Juvenile Fish Surveys

	Monitoring Tasks under ISEMP
	The Monitoring Strategy for the Upper Columbia identifies the evaluation of fish abundance and distribution in the Wenatchee Subbasin, through snorkeling surveys at probabilistically-selected locations, as a critical component to status, trend, and effectiveness monitoring.  Difficulties in completing contracts precluded ISEMP implementation of this task in 2004 although USFS conducted at pilot snorkeling study in 2004.  Beginning in 2005 under ISEMP and NOAA funding, USFS will annually conduct daytime and nighttime snorkeling observations at 50 sites probabilistically located throughout the Wenatchee Subbasin.

	Status Monitoring
	Scientific Uncertainty:  The abundance, distribution, and size of juvenile anadromous salmonids in the Wenatchee Subbasin has not been systematically studied and is largely unknown, despite the fact that models of habitat restoration assume that overall production is driven by, in large part, how many juveniles exist, which habitats they reside in, and how well they grow during their freshwater residence.
Analytic Approach:  The USFS will conduct snorkeling observations at 50 probabilistically-located sites per year, the same sites that are surveyed for habitat conditions.  These surveys will quantify the number, species, and size of fish present within each site.
Implementation Timeline:  Examine data on a yearly basis.  Need to implement for at least one complete five-year rotating panel to generate estimates of interannual variability.  Will likely need to implement for more than five years due to unknown but possibly high variability in juvenile fish metrics.  It may take many years (10 to 20) to begin to form relationships between juvenile fish abundance, distribution, and growth.

	Trend Monitoring
	Scientific Uncertainty:  Interannual variation in the abundance, distribution, and size of juvenile anadromous salmonids in the Wenatchee Subbasin has not been systematically studied and is largely unknown, as are links between these factors and interannual variability in anadromous salmonid production.
Analytic Approach:  USFS will conduct snorkeling observations at 50 probabilistically located sites per year, the same sites that are surveyed for habitat conditions.  These surveys will quantify the number, species, and size of fish present within each site.
Implementation Timeline:  Examine data on a yearly basis.  Need to implement for at least one complete five-year rotating panel to generate estimates of interannual variability.  Will likely need to implement for more than five years due to unknown but possibly high variability in juvenile fish metrics and production estimates.  It may take many years (10 to 20) to begin to form relationships between juvenile fish abundance, distribution, growth, and production. 

Scientific Uncertainty:  Relationships between habitat metrics (e.g. channel conditions, water quality, landscape classification) and the abundance, distribution, and size of juvenile anadromous salmonids are largely unquantified and are poorly understood. 
Analytic Approach:  Stratified correlations between key habitat metrics and fish habitat utilization metrics (i.e. abundance, distribution, and size of juvenile anadromous salmonids) will be generated as sufficient data is obtained.
Implementation Timeline:  Examine data after each five-year rotating panels for habitat and snorkeling surveys have been completed.  Will likely need to implement for several rotating panels (i.e. 15 to 25 years), depending on spatial and temporal variability, due to a) unknown but possibly high variability in habitat and fish metrics, b) multiple testing issues, and c) the need for approximately 10 observations required for each independent habitat metric examined to achieve the minimum of statistical power for model selection.

	Effectiveness Monitoring
	Scientific Uncertainty:  In order to interpret changes in the abundance/distribution/size of juvenile fish, often thought of as “measures of success,” at existing and future habitat restoration sites, a clear understanding of the magnitude and variability in the abundance, distribution, and size of juvenile anadromous salmonids needs to be developed.
Analytic Approach:  USFS will conduct snorkeling observations at 50 probabilistically located sites per year, the same sites that are surveyed for habitat conditions.  These surveys will quantify the number, species, and size of fish present within each site.  Repeated surveys will give us an understanding of the variation that can be expected at particular sites.  These surveys will generate the “control” conditions against which to compare “treatment” conditions at future restoration sites, particularly because the sites at which snorkeling will occur have been classified and can be statistically stratified to reflect conditions at most if not all possible treatment sites.

Additional snorkeling observations may need to be made at individual treatment sites.
Implementation Timeline:  Examine data on a yearly basis.  Need to implement for at least one complete five-year rotating panel to generate estimates of interannual variability.  Will likely need to implement for more than five years due to unknown but possibly high variability in juvenile fish metrics.  It may take many years (10 to 20) to begin to form relationships between juvenile fish abundance, distribution, and growth.

Scientific Uncertainty:  Spatial and temporal variation in the productivity of juvenile salmonids during freshwater residency is poorly understood but may confound analyses of supplementation-based restoration actions being studied as part of the CCPUD Hatchery Program.
Analytic Approach:  Information regarding juvenile salmonid abundance, distribution, and size among supplemented and non-supplemented watersheds will be available to provide context for comparison with egg-to-smolt survival estimates and to partition variation in those estimates that is likely to be observed.
Implementation Timeline:  This analysis will depend on the needs of the CCPUD Hatchery Program.

Scientific Uncertainty:  Hatchery supplementation may trigger ecological responses in non-target taxa (those species not being supplemented), although the magnitude and direction of these changes is poorly understood and difficult to predict. 
Analytic Approach:  Snorkeling surveys conducted on an annual basis throughout supplemented and non-supplemented watersheds will include information on all fish species and may eventually yield a sufficient base of observation upon which to draw conclusions regarding impacts of supplementation on non-target taxa.
Implementation Timeline:  This analysis will depend on the needs of the CCPUD Hatchery Program. 

Scientific Uncertainty:  The response of anadromous salmonids to habitat restoration actions may be confounded by other factors, particularly those that affect anadromous fish outside of the Wenatchee Subbasin.  In some cases, resident salmonids or other fish species may be better indicators of habitat change.
Analytic Approach:  Information on all fish species will be collected during annual snorkeling surveys and will be analyzed for the effects of habitat restoration projects.
Implementation Timeline:  This analysis will depend on the implementation and evaluation of specific habitat restoration projects.

	Monitoring Methodologies
	Scientific Uncertainty:  Snorkeling observations made at different times of day (e.g. night and day times) have been shown to generate different estimates of abundance and distribution of some salmonid species in parts of the Wenatchee Subbasin and elsewhere.  A better understanding of how time of day affects the results of snorkeling observations is necessary to interpret all snorkeling results.
Analytic Approach:  Beginning in 2005, ISEMP- and NOAA-funded snorkeling data will be compared with similar data collected at nighttime.
Implementation Timeline:  Examine after the 2005 field season.  Consider whether additional data may be needed depending on the potential magnitude of night/day affects on other study objectives.

Scientific Uncertainty:  Like all scientific measurements, snorkel observations contain measurement error which needs to be quantified. 
Analytic Approach:  Supervisory staff will resurvey a random sample of at least 10 percent of the sites surveyed in each subbasin on an annual basis.
Implementation Timeline:  Conduct resurveys on an annual basis, each year that snorkel observations are made.

Scientific Uncertainty:  Snorkel observations by other monitoring programs (e.g. studies of coho salmon by ODFW) sample only pools because this “pool-only” approach is cost-effective and works when pool habitat contains the majority of all juveniles, especially during summer low-flow conditions.
Analytic Approach:  Snorkel data collected in 2005 and 2006 will be used as a pilot study to determine the relative use of pool and non-pool habitat by fish in the Wenatchee Subbasin.  A “pool-only” or other types of cost-effective approaches may be more formally tested if pilot data so warrants.
Implementation Timeline:  Analyze snorkel data annually, in 2005 and 2006 or longer if necessary.


Table 2.1-4.  The implementation of smolt trapping as a component of ISEMP in the Wenatchee Subbasin.
	
	Smolt Trapping

	Monitoring Tasks under ISEMP
	As part of ISEMP, and partly funded by CCPUD and SRFB, WDFW will annually estimate the smolt production of spring chinook salmon and steelhead for the Wenatchee Subbasin and will estimate smolt production in the Lake Wenatchee (sockeye, spring chinook, steelhead) and Chiwawa River (spring chinook, steelhead) watersheds.  Also as part of ISEMP, and partly funded by BPA Project #1996-040-000, Yakama Nation will annually estimate the smolt production of spring Chinook salmon and steelhead for the Nason Creek watershed and describe the temporal variability of outmigrating spring Chinook and steelhead within Nason Creek.  Also as part of ISEMP, and partly funded by BPA Project #1996-040-000, USFWS will estimate, in 2004, the smolt production of spring Chinook salmon and steelhead in the Peshastin Creek watershed and will describe the temporal variability of outmigrating spring Chinook and steelhead within Peshastin Creek.

	Status Monitoring
	Scientific Uncertainty:  The trap efficiency at upper (Lake Wenatchee) and lower Wenatchee River trapping locations is inadequate to provide smolt production estimates of steelhead and spring chinook with the desired level of precision.
Analytic Approach:  Additional smolt traps will be operated, beginning in 2005, at these locations to increase overall trapping efficiency. 
Implementation Timeline:  Assessment of improvements in trap efficiency will be made in 2006 after the first year of data collection using additional smolt traps.  Trap efficiency estimates will be repeated annually as a routine component of all future trapping.

Scientific Uncertainty:  Can smolt trapping be used to develop reliable estimates of steelhead smolt/outmigrant abundance?
Analytic Approach:  Expand smolt trapping efforts to include all seasons when juvenile steelhead migrate and improve trapping efficiency.
Implementation Timeline:  Implement yearly for as long as necessary to answer the uncertainty or until better methods are developed.

Scientific Uncertainty:  Little is known about the life history strategies and outmigration timing of steelhead in the Wenatchee Subbasin particularly because previous smolt trapping in the basin was designed to target spring chinook and sockeye which outmigrate during discrete seasons that may or may not overlap with the timing of steelhead outmigration.
Analytic Approach:  The size, life stage, timing, and spatial distribution of steelhead outmigrants trapped throughout the Subbasin will be described.
Implementation Timeline:  Examine data yearly for at least five years (one generation of steelhead) and possibly for 10 to 20 years to better capture the full variability in life histories.

Scientific Uncertainty:  Survival rates vary by life history stage and by year.  While largely unknown, life-stage specific survival rates will be important to understand to gage the effectiveness of habitat restoration actions.
Analytic Approach:  Mark and recapture studies will be conducted. 
Implementation Timeline:  Beginning in 2006, after the initial phases of ISEMP monitoring are underway, mark and recapture efforts will be initiated and will be conducted for a minimum of three years to assess interannual variability and likely for several years to overcome anticipated low recapture rates.

	Trend Monitoring
	Scientific Uncertainty:  Outmigration timing is influenced by the relative expression of various life history strategies within a population which may vary between years.  How might various sampling regimes and the expression of various life history strategies confound our understanding of smolt outmigration timing and smolt production estimates?
Analytic Approach:  Compare life stage-specific outmigration patterns between watersheds and the subbasin.
Implementation Timeline:  Examine data on a yearly basis.  Need to implement for a minimum of three years to generate estimates of interannual variability.  Will likely need to implement for more than three years due to unknown but possibly high variability in outmigration timing.

Scientific Uncertainty: How does outmigration timing differ between specific watersheds and the Subbasin as a whole?  Knowledge of watershed-specific outmigration timing may inform the design of tributary habitat restoration actions.
Analytic Approach:  Compare outmigration patterns between watersheds and the subbasin.
Implementation Timeline:  Examine data on a yearly basis.  Need to implement for a minimum of three years to generate estimates of interannual variability.  Will likely need to implement for more than three years due to the unknown but possibly high variability in outmigration timing.

	Effectiveness Monitoring
	Scientific Uncertainty:  Can we identify physical or biological covariates/factors which explain the differences in smolt production between watersheds?
Analytic Approach:  Compare watershed-specific smolt production with: landscape classification variables, watershed-specific habitat characterization, watershed-specific parr/juvenile abundance,  and watershed-specific macroinvertebrate abundance.  Consider refining salmonid production models including food web, PATH, and graph theory models.
Implementation Timeline:  Unknown; perhaps 10 to 20 years.

Scientific Uncertainty: What are the relative contributions to smolt production of specific watersheds versus the entire subbasin?  How do these relative contributions vary between years?  How will knowledge of these contributions affect our ability to detect changes stemming from habitat restoration actions?
Analytic Approach:  Compare estimates for watersheds versus Subbasin.
Implementation Timeline:  Examine data on a yearly basis for as long as needed, perhaps 10 to 20 years.

Scientific Uncertainty:  How effective are spring Chinook outplanting efforts by the LNFH?
Analytic Approach:  The USFWS Fisheries Operations Needs System will use smolt trapping, in conjunction with redd surveys, in Peshastin Creek, to characterize the effectiveness of outplanting. 
Implementation Timeline: Results from 2004 ISEMP-funded data collection will inform USFWS regarding cost effective within season allocation of sampling effort.

	Monitoring Methodologies
	Scientific Uncertainty:  How does trapping efficiency and outmigration timing vary as a function of flow and time of year?  Can trapping schedules be adjusted to more efficiently allocate sampling effort within sampling seasons? 
Analytic Approach:  Previous sampling that was limited by short seasons has been expanded to encompass the full range of possible outmigration periods (except winter? how certain are we to call this a census?).  Examine spatial patterns/variability and estimate the affects of temporal sampling on estimators developed from smolt trapping.  Develop adaptive rules for more efficient allocation of sampling effort in future years. 
Implementation Timeline:  A specific assessment will be conducted using data collected in 2004 at the Peshastin Creek trap.  Additional trapping at the Peshastin Creek site would depend on the results of this investigation.  Application of this assessment to data collected at other sites will depend on the results of the investigation of Peshastin Creek data.


Table 2.1-5.  The implementation of macroinvertebrate sampling and headwaters productivity studies as a component of ISEMP in the Wenatchee Subbasin.

	
	Macroinvertebrate Sampling / Headwaters Productivity

	Monitoring Tasks under ISEMP
	Beginning in 2004 under ISEMP, macroinvertebrate communities will be sampled in two ways under ISEMP: (a) WDOE will be collecting macroinvertebrates annually from riffle habitats at 50 sites probabilistically located throughout the Wenatchee Subbasin to better understand macroinvertebrate community structure and (b) the Forestry Science Lab and UAF will examine the transport of macroinvertebrates from fishless subcatchments to downstream habitats in an effort to link food-web productivity in low-order streams to downstream fish populations.

	Status Monitoring
	Scientific Uncertainty:  Macroinvertebrate communities are a key component of aquatic food webs and are an important component of the diet of anadromous salmonids and are likely to play an important role in determining the productivity of salmonids in freshwater.  We need a better understanding of how macroinvertebrate communities covary with the abundance, distribution, and size of juvenile salmonids.
Analytic Approach:  Collect macroinvertebrate data at the same probabilistic sites where fish and habitat data is also being collected.  Macroinvertebrate and fish data collected during the first five-year rotating panel of sampling will be compared to look for relationships between macroinvertebrate and fish community structures. 
Implementation Timeline:  Collect macroinvertebrate data at probabilistic sites for at least five years.  Analyze for relationships at least once after every five-year rotating panel design and more frequently if necessary.  Evaluate the need to continue macroinvertebrate data collection after the first five years.

Scientific Uncertainty:  Low-order, fishless subcatchments comprise more than 80 percent of stream networks and reflect the health and condition of the watershed they it drain.  Food web productivity in these streams may be an important determinant in the production of resident and anadromous stream fishes.  To what extent does food web productivity in these subcatchments influence the status of fish populations?
Analytic Approach:  Develop methods for monitoring subcatchment condition and productivity, determine land-use affects on subcatchment condition and productivity, and link variation in subcatchment condition and productivity with the productivity of downstream fish populations.
Implementation Timeline:  This headwaters productivity study will be conducted from 2004 to 2006.

	Trend Monitoring
	Scientific Uncertainty:  Little is known about the temporal covariance of sympatric fish and macroinvertebrate communities despite the fact that such covariance may influence much of the variation in salmonid survival and production.
Analytic Approach:  Collect macroinvertebrate data at the same probabilistic sites where fish and habitat data is also being collected.  Examine macroinvertebrate and fish data collected during the first five-year rotating panel of sampling for temporal trends. 
Implementation Timeline:  Collect macroinvertebrate data at probabilistic sites for at least five years.  Analyze for relationships at least once after every five-year rotating panel design.  Evaluate the need to continue macroinvertebrate data collection after the first five years.

Scientific Uncertainty:  How does food web productivity in low-order subcatchments vary over time? 
Analytic Approach:  Although not specifically designed to capture temporal variability over a number of years, the Forestry Science Lab/UAF headwaters productivity study may provide a modest yet important indication of interannual variability in food web productivity, particularly because this area of study has not previously been explored.
Implementation Timeline:   This headwaters productivity study will be conducted from 2004 to 2006.

	Effectiveness Monitoring
	Scientific Uncertainty:  Hatchery supplementation may trigger ecological responses in non-target taxa (including macroinvertebrate communities), although the magnitude and direction of these changes is poorly understood and difficult to predict. 
Analytic Approach:  Macroinvertebrate surveys conducted on an annual basis throughout supplemented and non-supplemented watersheds can be compared for potential impacts of supplementation. 
Implementation Timeline:  This analysis will depend on the needs of the CCPUD Hatchery Program. 

Scientific Uncertainty:  The response of anadromous salmonids to habitat restoration actions may be confounded by other factors, particularly those that affect anadromous fish outside of the Wenatchee Subbasin.  In some cases, relationships between macroinvertebrate communities and habitat attributes likely to be affected by habitat restoration actions are more clearly understood. 
Analytic Approach:  Macroinvertebrate community structure will be analyzed for the effects of habitat restoration projects.  Data collected at randomized locations can be used as stratified controls for data collected at individual habitat restoration sites.
Implementation Timeline:  This analysis will depend on the implementation and evaluation of specific habitat restoration projects.

Scientific Uncertainty:  Low-order, fishless subcatchments comprise more than 80 percent of stream networks and reflect the health and condition of the watersheds they drain.  Therefore, it is reasonable that the influence of landscape-scale habitat restoration actions would be most immediately detectable at the level of food web productivity in these low-order streams.  Can combined field studies of watershed productivity and fish condition prove to be a cost effective means for restoration effectiveness monitoring in the upper reaches of drainage networks?
Analytic Approach:  Develop methods for monitoring subcatchment condition and productivity, determine land-use affects on subcatchment condition and productivity, and link variation in subcatchment condition and productivity with the productivity of downstream fish populations.
Implementation Timeline:  The headwaters productivity study will be conducted from 2004 to 2006.

	Monitoring Methodologies
	Scientific Uncertainty: Like all scientific measurements, macroinvertebrate community characterization contains measurement error which needs to be quantified. 
Analytic Approach:  A random sample of at least 10 percent of the sites surveyed in each subbasin on an annual basis will be resampled.
Implementation Timeline:  Resample on an annual basis, each year that habitat surveys are conducted.

Scientific Uncertainty: Does macroinvertebrate species composition correlate with any salmonid habitat or population processes?
Analytic Approach:  Conduct correlation analyses to explore possible relationships.  Examine nutrient contents of macroinvertebrate samples over time to use as another possible dependent correlate.  Talk to Wease and Nick Bouwes.
Implementation Timeline:  Unknown, perhaps 10 to 20 years.


Table 2.1-6.  The implementation of water quality sampling as a component of ISEMP in the Wenatchee Subbasin.

	
	Water Quality Sampling

	Monitoring Tasks under ISEMP
	Beginning in 2004 under ISEMP, water quality in the Wenatchee Subbasin will be sampled annually in two ways: CCCD will be collecting (a) water temperature, turbidity, conductivity, pH, and dissolved oxygen measurements on an hourly basis using automated meters and (b) ammonia, nitrite, nitrate, total nitrogen, total phosphorus and orthophosphate measurements on a monthly basis using laboratory-analyzed water samples.  The locations in the Subbasin that can be thought of sites which reflect the integrated conditions of major watersheds within the Subbasin.  Smolt trapping is also being conducted at these sites which include: the Wenatchee River at Monitor, the Wenatchee River at the outlet of Lake Wenatchee, the Chiwawa River near the mouth, Nason Creek near the mouth, and Peshastin Creek near the mouth.  Water quality may also be sampled in the future at additional integrator sites such to refine estimates of variability between watersheds and to assist the location of effectiveness monitoring control sites.

	Status Monitoring
	Scientific Uncertainty: While water quality in the Wenatchee Subbasin has been studied for a variety of regulatory, compliance, and other scientific reasons, water quality sampling under ISEMP will contribute to a better understanding of watershed-specific variation in water quality. 
Analytic Approach:  Beginning in 2004, a network of continuous water quality monitoring meters will be deployed at five integrator sites to record hourly data and water samples will be collected at these sites on a monthly basis.
Implementation Timeline:  Examine data on a yearly basis.  Need to implement for at least one complete five-year rotating panel to generate estimates of interannual variability.  May need to implement for more than five years due to unknown variability in water quality metrics.
Scientific Uncertainty:  Is sampling at five sites sufficient to characterize spatial variability of water quality in the Wenatchee Subbasin or should additional sites be added and/or some sites dropped?
Analytic Approach: Beginning in 2004, a network of continuous water quality monitoring meters will be deployed at five integrator sites to record hourly data and water samples will be collected at these sites on a monthly basis.
Implementation Timeline:  Examine data on after one full year of sampling is completed.  Describe variability among sites and assess the adequacy of the spatial sampling coverage for effectiveness monitoring site classification.  Determine the number of sites to sample in subsequent years.

	Trend Monitoring
	Scientific Uncertainty:  Water quality sampling under ISEMP will contribute to a better understanding of temporal variations in water quality in the Wenatchee Subbasin.
Analytic Approach:  Sample water quality at integrator sites on an annual basis.  Increase or decrease sampling frequency after consideration of at least one year of data is collected.
Implementation Timeline: Examine data on a yearly basis for at least three years and consider changing sampling frequency at some or all sites.

	Effectiveness Monitoring
	Scientific Uncertainty:  The response of anadromous salmonids to habitat restoration actions may be confounded by watershed-specific conditions, particularly water quality.  The allocation of control sites used in the “observational studies” statistical design for effectiveness monitoring may need to be stratified by water quality. 
Analytic Approach:  Water quality will be considered as a possible factor for stratification of control and treatment sites in effectiveness monitoring depending on inter-watershed variation in water quality.
Implementation Timeline:  This analysis will depend on the implementation and evaluation of specific habitat restoration projects.

Scientific Uncertainty:  Inter-watershed variation in water quality, particularly if it affects the productivity of juvenile salmonids during freshwater residency, may confound analyses of supplementation-based restoration actions being studied as part of the CCPUD Hatchery Program.
Analytic Approach:  Information regarding inter-watershed variation in water quality will be available to provide context for comparison with egg-to-smolt survival estimates and to partition variation in those estimates that is likely to be observed.
Implementation Timeline:  This analysis will depend on the needs of the CCPUD Hatchery Program.

Scientific Uncertainty:  Hatchery supplementation may trigger ecological responses (e.g. nutrient enhancement), although our ability to measure such responses is unknown. 
Analytic Approach:  Water quality measurements in supplemented and non-supplemented watersheds may eventually yield a sufficient base of observation upon which to draw conclusions regarding impacts of supplementation on nutrient levels.
Implementation Timeline:  This analysis will depend on the needs of the CCPUD Hatchery Program. 

	Monitoring Methodologies
	Scientific Uncertainty:  What are the most cost effective sampling frequencies for water quality?  For example, should water grab samples be made monthly, quarterly, or annually?  Do automated meters need to be deployed year-round?  Meter bias, especially for dissolved oxygen, may drift over time, perhaps as quickly as within 4 days of meter calibration.  Is this drift a problem?  How frequently should meters be recalibrated?
Analytic Approach:  Examine data after six months and one year to assess need to change sampling frequencies.  Consult established protocols.
Implementation Timeline:  2005.


Table 2.1-7.  The implementation of habitat access sampling as a component of ISEMP in the Wenatchee Subbasin. 

	
	Habitat Access by Adult Salmonids

	Monitoring Tasks
	ISEMP is not directly participating in the evaluation of adult salmonid habitat access although this sampling is an important part of the Monitoring Strategy for the Upper Columbia.  ISEMP will make use of this data in the analysis of other monitoring elements.  WDFW is conducting an ongoing study of habitat access in the Upper Columbia – work was completed in the Methow Subbasin in 2004 and will be conducted in the Entiat Subbasin in 2005 and the Wenatchee Subbasin in 2006.  see 12/12/03 Bugert email for details and phone log with Eric at SSHEAR on 1/14/05.

	Status, Trend, and Effectiveness Monitoring / Monitoring Methodologies
	As of 2004, ISEMP is not specifically investigating uncertainties associated with adult salmonid habitat access in the Wenatchee Subbasin although this data will be used in the analysis of other monitoring elements.


Table 2.1-8.  The implementation of flow and hydrology studies as a component of ISEMP in the Wenatchee Subbasin.

	
	Habitat Access by Adult Salmonids

	Monitoring Tasks
	ISEMP is not directly participating in the evaluation of flows and hydrology although this sampling is an important part of the Monitoring Strategy for the Upper Columbia.  ISEMP will make use of this data in the analysis of other monitoring elements.  The USGS currently collects streamflow data at five streamflow sites in the Wenatchee Subbasin.  USGS also has archived daily streamflow data at eight other sites in the Subbasin.  The sites with real-time streamflow include:

Gage
Location
Sampling Period
12456500
Chiwawa River near Plain
5/29/11 to present

12457000
Wenatchee River at Plain
1/10/10 to present 

12458000
Icicle Cr. above Snow Cr. near Leavenworth
1/10/36 to present 

12459000
Wenatchee River at Peshastin
1/3/29 to present 

12462500
Wenatchee River at Monitor
1/10/62 to present

	Status, Trend, and Effectiveness Monitoring / Monitoring Methodologies
	As of 2004, ISEMP is not specifically investigating uncertainties associated with flows and hydrology in the Wenatchee Subbasin although this data will be used in the analysis of other monitoring elements.


Table 2.1-9.  The implementation of habitat quality, channel condition, and riparian condition sampling as a component of ISEMP in the Wenatchee Subbasin.

	
	Habitat Quality, Channel Condition, And Riparian Condition Sampling

	Monitoring Tasks under ISEMP
	Beginning in 2004 under ISEMP, WDOE will annually sample, habitat quality, channel conditions, and riparian conditions at 50 sites probabilistically located throughout the Wenatchee Subbasin.  See Section 4 for details on the sampling design used to select the probabilistically located habitat sampling sites.

	Status Monitoring
	Scientific Uncertainty:  Habitat quality, channel conditions, and riparian conditions in the Wenatchee Subbasin have not been systematically studied and are largely unknown, despite the fact that models of habitat restoration assume that overall salmonid production is driven by, in large part, freshwater habitat conditions.  How do conditions vary in space and time? 
Analytic Approach:  WDOE will conduct surveys of habitat quality, channel conditions, and riparian conditions at 50 probabilistically located sites per year, the same sites that are surveyed for parr/juvenile salmonid metrics.  These surveys will quantify many habitat indicators (Table 1.4. 1; Hillman 2004).  Frequency distributions of habitat indicators will be tested to determine if statistically significant differences exist between watersheds for each habitat indicator (Thom et al. 2000).  One goal of this project will be to explicitly sample for the spatial, temporal and interaction variance components (as outlined by Larsen et al. 2001).
Implementation Timeline:  Examine data after the first year and adjust sampling design if necessary. Analyze complete data set after each complete five-year rotating panel. Need to implement for at least one complete five-year rotating panel to generate estimates of spatial and interannual variability.  Consider changes to sampling design after five years.  Will likely need to implement for more than five years due to unknown but possibly high rate of change in some habitat indicators.  It may take many years (10 to 20 years or more) to begin to form relationships between habitat indicators and juvenile fish metrics.

	Trend Monitoring
	Scientific Uncertainty:  The interannual variation in habitat quality, channel condition, and riparian condition data in the Wenatchee Subbasin has not been systematically studied and is largely unknown
Analytic Approach:  Beginning in 2004 WDOE will conduct habitat surveys at 50 probabilistically located sites per year, the same sites that are surveyed for juvenile fish metrics.  One goal of this project will be to explicitly sample for the spatial, temporal and interaction variance components (as outlined by Larsen et al. 2001).
Implementation Timeline:  Need to implement for at least one complete five-year rotating panel to generate estimates of interannual variability.  Will likely need to implement for more than five years due to unknown but possibly high rate of change in habitat conditions.  It may take many years (10 to 20 years or more) to completely capture variability in habitat/channel/ or riparian conditions due to the long periodicity in factors affecting habitat quality, channel condition, and riparian condition (e.g. land use, forest fires, flood events).

Scientific Uncertainty:  Relationships between habitat metrics (e.g. channel conditions, water quality, landscape classification) and the abundance, distribution, and size of juvenile anadromous salmonids are largely unquantified and are poorly understood. 
Analytic Approach:  Stratified correlations between key habitat metrics and fish habitat utilization metrics (i.e. abundance, distribution, and size of juvenile anadromous salmonids) will be generated as sufficient data is obtained. The information content, or predictive power of the habitat indicators will be assessed within a hierarchical modeling framework to test the extent of correlation between habitat indicators and fish indicators within and between baseline reaches and sampling reaches.
Implementation Timeline:  Examine data each five-year rotating panel for habitat and snorkeling surveys has been completed.  Will likely need to implement for several rotating panels (i.e. 15 to 25 years), depending on spatial and temporal variability, due to a) unknown but possibly high variability in habitat and fish metrics, b) multiple testing issues, and c) the need for approximately 10 observations required for each independent habitat metric examined to achieve the minimum of statistical power for model selection.

	Effectiveness Monitoring
	Scientific Uncertainty:  In order to interpret changes in habitat quality, channel conditions, and riparian conditions, often thought of as “measures of success,” at existing and future habitat restoration sites, a clear understanding of the magnitude and variability in theses conditions needs to be developed. The habitat status samples can serve as within and between watershed control sites if the appropriate covariate matching is performed (Rosenbaum, 1995).
Analytic Approach:  Beginning in 2004 WDOE will conduct surveys of habitat quality, channel conditions, and riparian conditions at 50 probabilistically located sites per year, the same sites that are surveyed for parr/juvenile salmonid metrics.  These surveys will quantify many habitat indicators (Table 1.4. 1; Hillman 2004).  These surveys will generate the “control” conditions against which to compare “treatment” conditions at future restoration sites, particularly because the sites at which these surveys will occur have been classified and can be statistically stratified to reflect conditions at most if not all possible treatment sites.  Additional habitat surveys may need to be made at individual treatment sites.
Implementation Timeline:  Examine data on a yearly basis to develop a covariate knowledge base.  Need to implement for at least one complete five-year rotating panel to generate estimates of interannual variability.  Will likely need to implement for more than five years due to unknown but possibly high rate of change in habitat conditions.  It may take many years (10 to 20 years or more) to completely capture variability in habitat/channel/ or riparian conditions due to the long periodicity in factors affecting habitat quality, channel condition, and riparian condition (e.g. land use, forest fires, flood events).
Scientific Uncertainty:  Spatio-temporal variation in habitat conditions is poorly understood but may confound analyses of supplementation-based restoration actions being studied as part of the CCPUD Hatchery Program, particularly if inter-watershed differences in habitat influence smolt production.
Analytic Approach:  Information regarding habitat conditions among supplemented and non-supplemented watersheds will be available to provide context for comparison with egg-to-smolt survival estimates and to partition variation in those estimates that is likely to be observed.
Implementation Timeline:  This analysis will depend on the needs of CCPUD Hatchery Program.

	Monitoring Methodologies
	Scientific Uncertainty:  The probabilistic sampling framework used by ISEMP as designated by Hillman (2004) is a relatively new approach for monitoring and its performance is, in some measures, unknown.  
Analytic Approach:  Compare the performance of the probabilistic sampling framework with other sampling frameworks that have been or are still being implemented within the Wenatchee Subbasin, in particular compare habitat results using the probabilistic sampling framework with habitat results obtained through the USFS Hankin-and-Reeves stratified sampling designs. 
Implementation Timeline:  Examine and compare both datasets after completing one five-year rotating panel.

Scientific Uncertainty:  Like all scientific measurements, habitat surveys contain measurement error which needs to be quantified. 
Analytic Approach:  Supervisory staff will resurvey a random sample of at least 10 percent of the sites surveyed in each subbasin on an annual basis.
Implementation Timeline:  Conduct resurveys on an annual basis.

Scientific Uncertainty:  How relevant is the rule-of-thumb, which underlies the EPA sampling design used in ISEMP, that 50 sample sites are sufficient to provide adequate estimates of watershed-scale habitat conditions?
Analytic Approach:  Describe variation in habitat quality, channel condition, and riparian condition data and analyze the statistical power of variously sized samples.
Implementation Timeline: Examine data after completing the first five-year rotating panel.


Table 2.1-10.  The implementation of landscape classification/watershed condition as a component of ISEMP in the Wenatchee Subbasin.

	
	Landscape Classification and Watershed Condition

	Monitoring Tasks under ISEMP
	In 2004 under ISEMP, landscape-scale ecological variables and watershed conditions were characterized throughout the Wenatchee Subbasin.  This work was extended from the Wenatchee Subbasin to encompass the entire Upper Columbia ESU with funds provided by the Upper Columbia Salmon Recovery Board.

	Status Monitoring
	Scientific Uncertainty:  Landscape variables and watershed conditions in the Wenatchee Subbasin have not been systematically studied and are largely unknown, despite the fact that models of habitat restoration assume that overall salmonid production is driven by, in large part, freshwater habitat conditions that may be directly influenced by landscape and watershed factors.  How do these conditions vary in space and time? 
Analytic Approach:  The classification work conducted in 2004 through ISEMP serves as a baseline and can be viewed as the first data point in a long-period time series.
Implementation Timeline:  The baseline classification work done in 2004 need not be repeated on an annual basis and should serve adequately at least for the first five-year period of the Program.

	Trend Monitoring
	Scientific Uncertainty:  The temporal variation in landscape variables and watershed conditions in the Wenatchee Subbasin has not been systematically studied and is largely unknown.
Analytic Approach:  The classification work conducted in 2004 through ISEMP serves as a baseline and can be viewed as the first data point in a long-period time series.  Additional classification work will need to be conducted at intervals appropriate to the variable of interest.
Implementation Timeline:  Specific time intervals for repeating the classification process will be determined during the course of data analysis after the first five-year rotating panel of habitat sampling has been completed.  While most variables will not need to be reclassified at annual or five-year time scales, variables subject to change at sub-decadal scales, such as riparian, road, and channel classification may require re-classification at relatively more frequent intervals than, say, valley segment classification.  Variables at the regional scale many not need future re-classification, unless advancements in the science underlying these variables are made, because they are unlikely to change at time scales relevant to this Program.

	Effectiveness Monitoring
	Scientific Uncertainty:  The effectiveness evaluation of habitat restoration actions will require the comparison of treatment sites to control sites.  The identification of control sites should consider possible covariates at the landscape and watershed scales (Rosenbaum, 1995).
Analytic Approach:  Select control sites that match treatment sites as closely as possible using landscape classification and watershed condition as a guide for site selection.
Implementation Timeline:  Select control sites after identification of habitat restoration actions.

	Monitoring Methodologies
	Scientific Uncertainty:  Advancements in remote sensing tools and the analysis of spatial data may occur which would improve our ability to classify landscapes.
Analytic Approach:  Explore advances in remote sensing tools and improvements in the analysis of spatial data.  For example, in the landscape classification effort in 2004, improved techniques to classify valley segments, channel segments, and riparian areas were developed and implemented.
Implementation Timeline:  Incorporate scientific advancements as they occur and as needed by the other goals of this project.

Scientific Uncertainty:  Habitat monitoring sites were probabilistically chosen using a process that weighted streams by gradient and stream order as determined from landscape classification work.  The assumptions that underlie these weighting functions need to be tested (See 0).
Analytic Approach:  Examine the assumptions of the site-selection weighting functions to their applicability in light of data from the first five-year rotating panel
Implementation Timeline:  Conduct this analysis before each rotating panel of habitat surveys.

Scientific Uncertainty: Channel classification has traditionally required expensive ground-based field measurements.  In 2004, ISEMP funded the exploration of remote-based channel classification using GIS tools.  GIS analysis is likely less sensitive to channel-scale variability but can be inexpensively applied to whole Subbasins.  What is the cost:benefit ratio of the GIS approach?
Analytic Approach:  Compare the relative accuracy of ground- and remote-based channel classification and describe the accuracy in terms of costs per unit length of stream.
Implementation Timeline:  Compare in 2005 using 2004 data.  Repeat this analysis if necessary after completing the first five-year rotating panel.  Assess site-specific temporal variability in channel classification to help determine how often channel classification needs to be performed.


Section 2.3. Implementation Schedules

Please refer to figures in separate file named <ISEMP_ImpStrat_Figures.pdf>.

Section 2.4. Management of Data Used in ISEMP

Prior to the implementation of ISEMP, the Upper Columbia RTT had recognized a need for a data management system to facilitate access and transfer of information between agencies implementing research and monitoring in the Upper Columbia ESU.  Subsequently, in light of the development of ISEMP in three pilot Subbasins and the concomitant collection of vast data sets, NOAA identified a need to develop a data management system specifically to house, share, and analyze large and often complicated data sets.  These two similar needs are now being addressed by the NOAA Salmon Data Management (SDM) team which is developing a new data management system in conjunction with the U.S. Bureau of Reclamation (USBR; Cowen 2004).  This system, which will eventually accommodate habitat and fisheries data from the three ISEMP pilot Subbasins as well as data from the Okanogan, Colville, and other Subbasins, is initially being built and tested using data collected in the Wenatchee Subbasin according to the Monitoring Strategy for the Upper Columbia.  USBR is contributing to the effort through the development of a data dictionary and geodatabase which also uses ISEMP implementation in the Wenatchee Subbasin as a starting point.

It is the intent of the NOAA/USBR project to develop a database system built on common protocols to manage and store the various types of information that is being collected by ISEMP.  As this system continues to develop, data that has been collected in the past, by non-ISEMP programs, will be incorporated.  It is also a primary goal to maintain the spatial locations of these field surveys in a GIS system that will allow users of the system to ask questions based on a hydrologic model of the watershed and as a means to track the effects of restoration projects into the future.

By March 2005, the data management system will be built, tested, loaded with ISEMP’s 2004 Wenatchee Subbasin data set, and will be accessibly by data query and delivery systems available over the Internet.  BPA’s ISEMP contractors will be asked to interface with this data management system, beginning in 2006, as described in a data flow diagram (Figure 4).

Section 2.5. Analysis of Data Collected Within the ISEMP

NOAA will be conducting preliminary data analysis and statistical analysis for monitoring and experimental design during the first three year period of ISEMP implementation.  Additional collaborators for data analysis will be solicited for cooperation with NOAA as the ISEMP Program is further developed.
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Section 4. Additional Details Regarding the Selection of Habitat Sampling Sites

Wenatchee Watershed Habitat Survey Design

The following summary provided by EPA documents the manner in which habitat sampling sites were selected for use in ISEMP during the first five-year rotating panel.  This summary was provided by EPA at the time they provided a list of sampling sites.  

Description of Sample Design
Target Population: The target population consists of all streams within the Wenatchee hydrologic unit watershed that have a gradient less than 12%.  Streams with gradients greater than 12% are excluded.

Sample Frame: Michael Ward provided the GIS coverage.  It included attribute for gradient that will be used to define multi-density categories 

Survey Design: A Generalized Random Tessellation Stratified (GRTS) survey design for a linear stream resource was used.  The GRTS design includes reverse hierarchical ordering of the selected sites.

Stratification:  None

Multi-Density Categories:  Five categories based on stream gradient: [0,2], (2,4], (4, 8], and (8, 12] and Strahler order.  [02]14 means 0 to 2% gradient on 1st through 4th Strahler order streams 



[0,2]14     [0,2]5    (2,4]    (4, 8]  (8, 12]

Sample Size:   .9*45%   .1*45%    25%    20%    10%

Panels:  Six panels.  Panels 1 to 5 will be visited once every five years with panel 1 being visited in year 1.  Panel 6 will have annual visits to the sites.

Sample Size: 150 stream sites with 25 sites in each panel

Oversample: 100% oversample.

Site Use:  The base design has 150 sites allocated to 6 panels.  These sites are identified by panel name in the variable “Panel”.  If it is necessary for a site in any panel to be replaced, then the lowest ordered SiteID that is part of the oversample of sites (identified by “OverSamp” in variable “Panel” must be used.  Subsequent replacement sites continue to be used in the same way.

Sample Frame Summary

The total stream length in the GIS coverage is 2524.26 km.  The total stream length in the sampling frame that has a stream gradient less than 12% is 1443.348 km.  These lengths have lengths by Strahler order in the following table





Strahler Order

         


    1          2          3          4          5 

All Streams

1568.2  456.5  218.5   183.3    97.6 

Gradient <12%
  556.1  391.4  215.1   183.2    97.6 

The three scenarios result in the following average km of stream length by categories:




Gradient & Order categories

    [0,2]14      [0,2]5         (2,4]              (4,8]             (8,12]   

312.20093  96.28016  231.24666     485.90710      317.71267 

Site Selection Summary

Number of sites by Category and Panel 

         Annual OverSamp Year1 Year2 Year3 Year4 Year5   

  [0,2]14 12     58        8    10    11    15    11   

  [0,2]5   2      7        0     0     2     2     1

  (2,4]    5     39        4     5     5     3     6   

  (4,8]    3     31        6    10     4     1     4   

  (8,12]   3     15        7     0     3     4     3   

Number of sites by Category and Strahler order         

          1   2  3  4  5

  [0,2]14 12 13 38 62  0

  [0,2]5   0  0  0  0 14 

  (2,4]   16 25 21  4  1

  (4,8]   32 18  8  1  0

  (8,12]  26  7  1  0  1

Number of sites by Panel and Strahler Order

            1  2  3  4  5 

  Annual    6  5  9  3  2

  Year1    12  5  3  5  0

  Year2     5  5  6  9  0

  Year3     9  3  7  3  3

  Year4     4  3  7  8  3

  Year5    11  2  3  8  1

  OverSamp 39 40 33 31  7

Description of Sample Design Output:

To achieve an expected sample size of sites in the target population, an appropriate sample size was selected for the study area.  A Base set of sites and an Oversample of sites are included in the output.  The oversample sites should be added, as needed, in numerical SiteID order. Oversample sites are identified in the “panel” data column as Oversamp.  Note that sites may be used in order beginning at the first SiteID number and continuing until desired sample size is reached.

A map of the stream network and the selected sites is given in the accompanying pdf file.

The tab-delimited, ASCII file (WenatcheeCat5.tab) has the following variable definitions:

	Variable Name
	Description

	SiteID
	Unique site identification (character)

	arcid
	Internal identification number

	x
	Albers x-coordinate

	y
	Albers y-coordinate

	LonDD
	Longitude, decimal degrees

	LatDD
	Latitude, decimal degrees

	mdcaty
	Multi-density categories used for unequal probability selection

	weight
	Weight (in meters), inverse of inclusion probability, to be used in statistical analyses

	stratum
	Strata used in the survey design

	panel
	Identifies base sample by panel name and Oversample by OverSamp

	auxiliary variables
	Remaining columns are from the sample frame provided


Albers projection used

Spheroid: Clarke1866

Center longitude (decimal degrees): -96

Origin latitude (decimal degrees): 23

Standard parallel 1 (decimal degrees): 29.5

Standard parallel 2 (decimal degrees): 45.5

For further information about the design, contact

Anthony (Tony) R. Olsen

USEPA NHEERL

Western Ecology Division

200 S.W. 35th Street

Corvallis, OR 97333

Voice: (541) 754-4790

Fax: (541) 754-4716

email: Olsen.Tony@epa.gov
Section 4.1. Wenatchee Watershed Habitat Survey Design

Still need to expand this section to describe how USFS selected sites for steelhead surveys.
























































































































� “Observational studies” approaches are designed to analyze data from experiments where “treatments” and “controls” are not randomly allocated because, in these experiments, the lack of randomized treatment allocations may confound proper treatment/control contrasts and may contain hidden bias.  Observational studies mitigate for the lack of treatment randomization by: 1) generating as many alternative hypotheses as possible and collecting all of the classification variables that might be correlated with each hypothesis, 2) properly matching treatment and control samples, either pre- or post-hoc, and 3) examining and removing hidden bias, before more standard statistical approaches used in randomized experiments are applied (Jordan 2003; Rosenbaum 1995).


� The implementation of restoration projects is outside the control of the ISEMP project.
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