Fix-It-Loop Response for:
200736800 - Adult Coho Salmon Monitoring Proposal for the Lower Columbia Province
Sponsor: Washington Department of Fish and Wildlife (WDFW)


Budgets: FY07: $487,444 | FY08: $456,502 | FY09: $479,337


Short description: This proposal addresses adult coho salmon population status monitoring in the Lower Columbia province to provide complete estimates of abundance, productivity, diversity, and spatial structure for Washington’s portion of the Lower Columbia River ESU.

ISRP recommendation: Response requested

ISRP comment:

This research proposes to assess the abundance, spatial structure and diversity of the recently listed lower Columbia River coho salmon and secondarily to estimate the proportion of hatchery fish spawning in the wild in Washington streams. Coho salmon in the lower Columbia have long been neglected but now are ESA listed. This project is essential in evaluating status and trends of these populations.

They will adjust index counts of coho in streams currently surveyed and add population estimates to other streams not presently monitored in this province. By adopting the EMAP protocols as used in Oregon, data collected will be comparable to those in Oregon and will enable monitoring of the status and trend of naturally produced coho salmon. The proposal will complete assessment of the population status of coho in the Washington side of the lower Columbia River and has clear benefits to the Fish and Wildlife Program’s needed to determine recovery. It will enable complete EMAP estimates of population abundances by using methods already used by ODFW in the lower Columbia River. Funding is presently received from NOAA and BPA.

WDFW responses to the following (5) ISRP questions:

1. The proponents state that these estimates of population structure will continue for 25 years. Since population estimates by WDFW have been completed for many years in some of these streams, it would be informative to see some of the trends, but none were presented. Ongoing projects should show results.

This proposal is for a new project that is specifically designed to fill gaps in adult coho escapement and population parameter monitoring in various Lower Columbia River (LCR) tributaries; thus, it is not an “ongoing” project.  The project is designed to support the RM&E requirements of the Lower Columbia Salmon Recovery and Fish and Wildlife Subbasin Plan (LCFRB 2004a) – which has been accepted by the NPCC and endorsed by NOAA Fisheries.  The recovery horizon for this plan is 25 years; which is why proposed RM&E work on population dynamics of LCR coho is also designed for this planning horizon.

The proposal lists the following streams as representing gaps in adult escapement data for LCR coho salmon, (i.e., no monitoring currently occurs; source: Table 2 of the proposal):

· Lower Cowlitz

· SF Toutle

· NF Toutle
· Coweeman

· Kalama (below Kalama Falls Hatchery).

· NF Lewis 
· EF Lewis

· Salmon Cr.

· Washougal

The status of coho monitoring on the NF Toutle was listed incorrectly.  A revised Table 2 from the proposal is presented below.

Table 2 (revised). Adult population monitoring methods for Lower Columbia River Province salmon and steelhead populations.  Blank box indicate that either no population exists or is extremely small. 

	    
	
	Chinook Salmon
	Chum 
	Steelhead
	Coho

	
	Basin
	Tule
	Bright
	Spring
	Salmon
	Winter
	Summer
	Salmon

	       Cascades
	Lower Cowlitz
	PC
	
	PC
	PC
	IR
	
	GAP

	
	Upper Cowlitz
	C
	
	C
	
	C
	
	C

	
	Cispus
	C
	
	C
	
	C
	
	C

	
	Tilton
	C
	
	
	
	C
	
	C

	
	SF Toutle
	PC
	
	
	
	R
	
	GAP

	
	NF Toutle

        Green River
	PC

PC
	
	
	
	C

IR & R


	
	C

IT

	
	Coweeman
	PC
	
	
	
	R
	
	GAP

	
	Kalama
	PC
	
	PC
	
	MR&R
	MR
	GAP

	
	NF Lewis 1 
        Cedar Creek
	PCE

PCE
	PCE
	PCE

IT
	PC


	GAP

IT
	
	GAP

IT

	
	EF Lewis
	PC
	
	
	AUC
	R
	MR
	GAP

	
	Salmon
	GAP
	
	
	
	GAP
	
	GAP

	
	Washougal
	PC
	
	
	AUC
	IR
	MR
	GAP


GAP = Currently, no monitoring exists.

C= Census. Upper Cowlitz & Cispus count combined as are chum salmon counts > BON.

MR = Mark-recapture or mark-resight population and variance estimate. 

PCE = Peak count expansion population and variance estimate.

PC = Index of peak abundance based on live fish, carcasses, and/or redds.

R= Population estimate from redd counts.

IR = Index population estimate from redd count data.

IT = index trap count, should be expanded to mark-recapture.

AUC = Area-Under-the-Curve population estimate with fixed obs. eff. and residence time.

1 subpopulation estimates include separate index trap counts from Cedar Creek

For coho salmon in the Lower Columbia Province, census trap counts are available for the Upper Cowlitz and Tilton rivers (from Barrier Dam), and on the NF Toutle (from the Toutle Fish Collection Facility). Index trap counts are available from Cedar Creek (NF Lewis River tributary) and the Green River. The Wind River also provides an index count of coho salmon that swim into the Shipherd Falls adult trap; although this structure is located at the top end of their distribution (coho are not placed upstream).   In the Estuary Province, index trap counts are available from the Elochoman and Grays river hatcheries.  Table 1 presents data from these facilities for 1990-2005.  In 1999, returning marked (adipose fin-clipped) hatchery coho began to allow for the differentiation between hatchery and natural origin coho at some facilities. 

For other coho populations in the Lower Columbia Province, systematic spawning ground surveys to estimate escapement are generally not conducted, but surveys for coded-wire-tag (CWT) recovery and to document adult salmon presence occur periodically.  Coho salmon information is also collected incidentally during directed fall Chinook and chum salmon surveys.  In 2004, WDFW began conducting comprehensive surveys to estimate coho escapement in Mill, Abernathy, and Germany Creeks as part of the Intensively Monitored Watershed (IMW) program (IMWSOC 2004 and 2005). A floating-type weir was installed in Abernathy Creek starting in fall 2005 to monitor upstream passage of all salmonids, and PIT tagging of adult coho will continue to occur at the weir to monitor upstream movement and estimate abundance.  All sampling of carcasses and trapped fish includes recovery of CWT and a tally of marked/unmarked fish for hatchery or wild stock evaluation.  The two years of coho abundance data from the LCR IMW streams is, obviously, not yet useful in looking at long-term trends; however the adult and juvenile abundance data collected from this project will be key to examining SARs through spawner-recruit analysis in future years.

Table 1. Coho salmon abundance estimates in the LCMA from monitoring sites; % Un- is the proportion of unmarked coho (source Haymes and Rawding 2005)
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All currently available adult coho escapement data sets for the Lower Columbia River (NPCC Province) is presented in Table 2.

Table 2.  A listing of all Lower Columbia River tributary adult coho escapement data sets available on StreamNet (query on 7-11-2006).  

	Click a Trend No. below to view detail information
	2001 Subbasin(s)
	Location
	Year Range
	# Records
	Status

	166230
	Cowlitz
	Lake Creek, trib to Cowlitz River from mile 0.0 to mile 12.8
	1956-1973
	18
	No data currently collected, but data may be collected in the future

	166100
	Cowlitz
	Butter Creek, trib to Cowlitz River from mile 0.0 to mile 10.3
	1956-1974
	19
	No data currently collected, but data may be collected in the future

	166170
	Cowlitz
	Butter Creek, trib to Cowlitz River from mile 0.0 to mile 10.3
	1956-1978
	23
	No data currently collected, but data may be collected in the future

	166120
	Cowlitz
	Skate Creek, trib to Cowlitz River from mile 0.0 to mile 13.0
	1953-1974
	22
	No data currently collected, but data may be collected in the future

	166220
	Cowlitz
	Skate Creek, trib to Cowlitz River from mile 0.0 to mile 13.0
	1956-1974
	19
	No data currently collected, but data may be collected in the future

	166200
	Cowlitz
	Kiona Creek, trib to Cowlitz River from mile 0.0 to mile 9.0
	1956-1974
	19
	No data currently collected, but data may be collected in the future

	166180
	Columbia lower
	Green Leaf Creek, trib to Hamilton Creek from mile 0.0 to mile 6.5
	1952-1990
	39
	No data currently collected, but data may be collected in the future

	166190
	Columbia lower
	Hamilton Creek, trib to Hardy Creek from mile 0.0 to mile 10.4
	1945-1989
	45
	No data currently collected, but data may be collected in the future

	166110
	Cowlitz
	Spirit Lake from mile 0.0 to mile 0.0
	1955-1978
	24
	No data currently collected, but data may be collected in the future

	166140
	Lewis
	North Fork Chelatchie Creek, trib to Chelatchie Creek from mile 0.0 to mile 3.9
	1952-1978
	27
	No data currently collected, but data may be collected in the future

	166150
	Lewis
	Chelatchie Creek, trib to Cedar Creek from mile 0.0 to mile 5.0
	1960-1978
	19
	No data currently collected, but data may be collected in the future

	51181
	Willamette
	Rock Creek, trib to Clackamas River from mile 0.0 to mile 6.1
	1997-1997
	1
	No data currently collected, but data may be collected in the future

	51024
	Willamette
	Mount Scott Creek, trib to Kellogg Creek from mile 0.0 to mile 6.1
	1994-1994
	1
	No data currently collected, but data may be collected in the future

	166130
	Lewis
	Cedar Creek, trib to Lewis River from mile 0.0 to mile 23.2
	1944-1989
	46
	No data currently collected, but data may be collected in the future

	166160
	Lewis
	Johnson Creek, trib to Lewis River from mile 0.0 to mile 4.8
	1952-1978
	27
	No data currently collected, but data may be collected in the future

	51003
	Willamette
	Kellogg Creek, trib to Willamette River from mile 0.0 to mile 5.0
	1997-1997
	1
	No data currently collected, but data may be collected in the future

	50423
	Willamette
	Fanno Creek, trib to Tualatin River from mile 0.0 to mile 13.9
	1994-1994
	1
	No data currently collected, but data may be collected in the future

	166210
	Cowlitz
	Olequa Creek, trib to Cowlitz River from mile 13.0 to mile 16.7
	1952-1987
	36
	No data currently collected, but data may be collected in the future

	57572
	Columbia estuary/
Columbia lower/
Columbia Gorge/
Columbia lower middle/
Outside Columbia Basin
	Oregon Coastal Tribs: Necanicum R to Twomile Cr (124427430438) from mile 0.0 to mile 0.0
	1990-2000
	11
	Data currently collected for trend table

	61495

Data under review. Be sure to check source document(s).
	Cowlitz
	Cowlitz R - Mth-Cispus & Tribs from mile 0.0 to mile 0.0
	1967-1990
	19
	


Fifteen of the 20 LCR coho data sets available on StreamNet do not have any data past 1990; and four additional data sets are for one year only.  Only trend number (57572) –  collected by ODFW – represents a relatively recent multiple-year time series, 1990-2000.  This trend represents the estimated spawning escapement of Oregon Coastal Natural coho salmon based on randomly selected spawning surveys.  Population estimates have been adjusted for visual observation bias by multiplying by 1.33.  The ODFW Corvallis Research Lab has compiled Oregon coastal coho population trend data through 2005 – available at the following site http://nrimp.dfw.state.or.us/crl/default.aspx?p=383 (Figure 1).  
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The utility of a comparable (long) time series of coho spawner data for the Lower Columbia River ESU is obvious – relative to recovery planning.  The proposed project is designed to achieve a scientifically valid and consistent database for this purpose.

2. It would be informative to find out if these studies are integrated with habitat investigations. Are habitat limitations a concern for these streams?

Yes, habitat limitations are a concern for coho salmon in LCR streams – in terms of access, suitable spawning areas, and various environmental conditions.  

IMW Study – Mill, Abernathy, and Germany Creeks.

WDFW is participating in an Intensively Monitored Watershed (IMW) project on three comparable tributaries in the LCR that flow directly into the Columbia River – Mill, Abernathy, and Germany creeks.  The IMW project integrates adult escapement, juvenile out-migration, and habitat RM&E within an experimental before-and-after enhancement study design.  The IMW study design and scientific foundation is explained in detail at the following web site: http://www.ecy.wa.gov/programs/eap/imw/index.html#1  or from IMWSOC (2004 and 2005).  

Habitat requirements of coho salmon during freshwater rearing  include:

· Spawning and egg incubation:  Gravel bedded riffles and pool tail outs in proximity of cover suitable for adult spawners (e.g., deep pools, undercut banks, debris jams) 
· Early fry rearing:  Low velocity areas with cover in close proximity to food source. Typically associated with shallow, channel margin habitat with cover from wood and overhanging vegetation 
· Summer rearing:  Pool habitat with cover in close proximity to food source. Typically found in low gradient channels with a pool/riffle morphology 
· Winter rearing: Low velocity areas with cover. Often associated with 
off-channel habitat on floodplains including low gradient tributaries, secondary channels and ponds 
Environmental and biological parameters measured in the IMW studies are summarized in Table 3.

Table 3. Variables measured in all coho, steelhead, and cutthroat IMW sites.

	Variable 
	Frequency 
	Collection period 

	Water/climate

	Flow 
	Continuous 
	Begin June 2004 

	Climate 
	Continuous 
	Begin Summer 2004 

	Water temperature 
	Continuous 
	Begin Summer 2004 

	Water chemistry 
	Monthly 
	Begin October 2004 

	Habitat

	Hankin & Reeves survey 
	Annual 
	July-August 

	Probabilistic sampling 
	Annual (Hood Canal and SJF only) 
	July-August 

	Fish

	Smolt production 
	Annual 
	March-June 

	Juvenile abundance 
	Annual 
	July-August 

	Spawners 
	Annual 
	(varies by species) 


The basic premise of the IMW project is that the complex relationships controlling salmon response to habitat conditions can best be understood by concentrating monitoring and research efforts at a few locations.  The type of data required to evaluate the response of fish populations to management actions that affect habitat quality or quantity are difficult and expensive to collect.  Focusing efforts on a relatively few locations enables enough data on physical and biological attributes of a system to be collected to develop a comprehensive understanding of the factors affecting salmon production in freshwater.

IMW is an efficient method of achieving the level of sampling intensity necessary to determine the response of salmon to a set of management actions.  Evaluating biological responses is complicated, requiring an understanding of how various management actions interact to affect habitat conditions and how system biology responds to these habitat changes.  The response of the fish is dependent on the relative availability of the habitat types it requires, which change through the period of freshwater rearing, and the manner in which these habitat types are influenced by application of a management action. 

Ecosystem Diagnosis and Treatment

WDFW has participated in the development of the Ecosystem Diagnosis and Treatment (EDT) model for all major salmonid producing watersheds in the LCR. The Ecosystem Diagnosis and Treatment model is a habitat-based model that assesses ecosystem performance using indicator species. The model links salmonid performance to both current and historical environmental conditions. Within the model, salmonid performance is estimated by examining the productivity, capacity, and life history diversity of the indicator species in relation to the environmental attributes of its habitat. A description of the EDT model and links to available data sets are available at http://www.mobrand.com/MBI/default.htm.  The EDT model was utilized during development of the Lower Columbia recovery plan.  LCFRB (2004b) presents documentation outlining how the model was populated with data and used in recovery planning.

3. A database of survey results will be updated in near real time and available to managers. Will data be posted on a web site? A regional database is mentioned - has there been progress on its development? The ISRP recommends that the idea be vigorously pursued so that status and trends can be evaluated for the entire Lower Columbia River.

This project (200736800) will be implemented by Region 5 Fish Program WDFW personnel – who will collect the adult coho escapement data according to scientifically-valid protocols and recorded in standardized formats.  The raw field data will then be transferred to WDFW Science Program personnel – with specialized training in database management – for entry into a WDFW database managed with quality assurance and quality control (QA/QC).  After data entry and QA/QC, the summary data will be submitted to PSMFC personnel for entry into the Streamnet database physically located in Portland.  This procedure is routinely followed for all WDFW monitoring projects – and is done at no extra cost for BPA-funded projects (i.e., professional database management services are included in WDFW indirect costs).  Thus, the adult coho salmon escapement data from this project (200736800) will be available to all interested parties on StreamNet – a web-based regional database.  The StreamNet data querry feature can be used to access the data: http://www.streamnet.org/online-data/query_intro.html or the user can obtain data sets as a download from StreamNet in other formats such as MS Access. 

In addition, the adult coho escapement raw data collected from this project will be submitted to the WDFW corporate SGS (spawning ground survey) database maintained by the Science Program in Olympia.  This system is currently under development and, when completed, will be a state-wide portal available to fishery scientists and managers.  In 2002, WDFW staff began a project to integrate diverse files of salmon and steelhead spawner survey records from Puget Sound, the Coast, and the lower Columbia River into a single modern database.  A Microsoft Access database was designed to incorporate both the common fields and the unique fields from each of these three main data sources.  Currently, SpawnerSurvey.mdb contains over 294,000 individual survey records from 1930 through 2005. This database also contains forms for data entry and both fixed and flexible-format output report routines for users. A module was integrated to allow area-under-the-curve escapement estimates to be easily derived using the survey records in the database.  In 2006, efforts began to compile and incorporate survey data from the eastern Washington portion of the Columbia Basin, to make it a truly statewide database. In addition, the database is being migrated to SQL Server as a step toward designating it as the official WDFW "corporate" data repository for salmon and steelhead spawner survey data.  Once this migration to SQL Server is complete, routines allowing Web access to this database, both for data entry/update and data downloads, will be developed and implemented (est. June 2007).

The coho adult monitoring project data will also be made available to the newly developed web-based SaSI Data Funnel – that facilitates on-line editing and verification of stock status data.  The SaSI database maintains long-term trends and current status of many critical salmon and steelhead stocks in Washington.  As an agency, WDFW is vigorously working towards technologically advanced and scientifically valid databases for fish stock assessment research, monitoring and evaluation.

4. It would be helpful to provide more information on the projects that are apparently underway to estimate marine survival. Estuarine and marine survival is important for assessing population trends.

5. The proposal would be enhanced by an explanation of the linkages of this project with other projects concerned with juvenile monitoring. How will these data be used in an assessment of productivity? How many streams are being extrapolated to from the "index streams" (assuming this is how they are going to be used).

Response to 4 and 5.

WDFW prefers to determine stock status from spawner-recruit models because status and appropriate fisheries management parameters can be obtained from the same analysis.  Monte Carlo simulations indicated that to accurately assess status and develop sustainable harvest policies, adult abundance estimates are required along with estimates of marine survival (Rawding, unpublished). To determine marine survival (or SAR), estimates of both adult and juvenile abundance are necessary; adult and juvenile monitoring programs compliment each other.  The current status of adult coho monitoring in the Lower Columbia Province was addressed in the response to ISRP question 1 (above).  A list of existing and proposed in-depth juvenile monitoring projects for Washington LCR salmonid populations is presented in the proposal (proposal Table 3).   Existing downstream migrant trapping projects are occurring on Mill, Abernathy and Germany creeks as part of the IMW project (IMWSOC 2004 and 2005), the Upper Cowlitz as part of a reintroduction program funded by BPA and Tacoma Power, and on Cedar Creek (NF Lewis trib.) through funding by the SRFB and WDFW.  A two-year juvenile monitoring project on the Coweeman River has just been completed.  Juvenile monitoring has been proposed for the Lower Cowlitz/Coweeman, EF Lewis and Washougal rivers (BPA proposal 200727400) in the Lower Columbia Province and for the Grays and Elochoman rivers and Skamokawa Creek in the Columbia Estuary Province (BPA proposals 200734300 and 200715000).  Juvenile monitoring on the Upper Lewis River has been proposed as part of the reintroduction program for this basin funded by PacifiCorps.  Table 4 list the key LCR coho monitoring sites with current funding.

Table 4. Key coho salmon monitoring sites in the Lower Columbia River ESU with current funding (Source Haymes and Rawding 2005).

	Basin
	Stock
	Adult

Monitoring
	Smolt

Monitoring
	Adult Esc.

Method
	Comments

	Cowlitz

above

Cowlitz

Falls
	Coho
	Barrier Dam
	Cowlitz Falls

Dam
	Total

Fence Count
	Population in upper

watershed & Tilton extirpated,

re-introduction effort

	NF Toutle

River
	Coho
	Fish

Collection

Facility
	Intermittent
	Total

Fence

Count
	Population recovering

after eruption of Mt. St.

Helens

	Cedar

Creek
	Coho


	Grist Mill

Ladder
	Grist Mill

Ladder
	Fish Ladder

Index
	Historically, a coho

stream with a small fall

chinook, steelhead &

cutthroat run

	Wind /Kalama Rivers
	Coho
	Falls Ladder
	Screw Traps
	Fence Count


	Steelhead streams, few Coho present 

	Grays/ Elochoman/ Skamokawa

Rivers
	Coho
	Live & Redd Counts
	None
	In development
	SAFE program surveys to recover CWTs

	Abernathy/ Mill/ Germany
	Coho


	Redd counts
	Screw trap
	Redd expansion
	 Intensively Monitored Watershed Program.  Abernathy Creek has floating weir


This project proposes to address the adult coho monitoring “gaps” in the Lower Columbia Province by developing estimates of coho abundance for watersheds without current monitoring and to develop expansion factors for existing indexes.  Adult coho index counts that can potentially be expanded in the Lower Columbia Province include the Cedar Creek trap counts, Green River (NF Toutle Trib.) trap counts and spawner survey index counts from Olequa Creek; a trib of the lower Cowlitz.  A program/method to expand Select Area Fishery Evaluation (SAFE) index areas in the Columbia Estuary Province is under development.

Population productivity can be estimated from a time series of abundance data (McElhany et al. 2000).  Measures of population productivity include population growth rate (Lambda) (McElhany et al. 2003), spawners per spawner, recruits per spawner, and intrinsic productivity from spawner-recruit analysis (Hilborn and Walters 1992).  Based on the abundance and harvest monitoring, we propose to estimate productivity from spawner-recruit analysis.  Given the three-year period for this proposal, productivity estimates will not be calculated for these populations, during this cycle.  ISRP (2005) recommended 10-15 years or more for time series analysis and productivity from spawner-recruit analysis is likely to be even longer.  This project would begin the process of collecting data needed for this type of analysis. 
ODFW has conducted an extensive analysis of the stock - recruitment functions for two identified self-sustaining coho populations in the Lower Columbia coho ESU, the Sandy and Clackamas River populations, and developed a stepped exploitation rate management plan for these populations.  A mortality rate limit for wild coho salmon caught in Columbia River fisheries is set annually prior to the time these fisheries open.  In establishing this limit, ODFW matches the parental escapement and index of survival for the upcoming adult return to a cell in the harvest matrix shown in Table 5 (ODFW, Clackamas, OR).  Fishery managers from Oregon and Washington may set the fishery mortality rate at any level as long as it does not exceed the maximum limit of the associated matrix cell.  To achieve these objectives in-river fisheries are shaped to target marked coho returns to the net pen release locations, and returns to the large tributary hatcheries.  

Table 5. In-river harvest rate objectives for Oregon origin lower Columbia natural coho (source - ODFW, Portland OR)

	Parental Escapement
	Marine Survival Index

(based on return of jacks per hatchery smolt)

	
	Critical

(<0.0008)
	Low

(< 0.0015)
	Medium

(< 0.0040)
	High

(> 0.0040)

	High
	> 0.75 full seeding
	< 4.0%
	<  7.5%
	< 15.0%
	<  22.5%

	Medium
	0.75 to 0.50 full seeding
	< 4.0%
	< 7.5%
	<  11.5%
	<  19.0%

	Low
	0.50 to 0.20 full seeding
	<  4.0%
	< 7.5%
	<  9.0%
	<  12.5%

	Very Low
	0.20 to 0.10 of full seeding
	< 4.0%
	<  6.0%
	< 8.0%
	<  10.0%

	Critical
	< 0.10 of full seeding
	0.0 – 4.0%
	0.0 – 4.0%
	0.0 – 4.0%
	0.0 – 4.0%


The PFMC pre-season ocean fishery planning process takes the annual exploitation rate objectives for the Sandy and Clackamas populations under advisement.  For the first time in 2006, PFMC was obligated to shape ocean fisheries to meet the exploitation objectives for LCR coho.  The PFMC is now required to minimize exploitation rates for federal ESA listed Coastal Oregon coho and ESA-listed Columbia origin natural coho that are co-mingled in the ocean fisheries.  

Since there are currently no identified self-sustaining natural coho populations in the Washington portion of the ESU, re-introduction/recovery harvest rate objectives will initially have to be developed through review of the Sandy and Clackamas coho population production functions and information from other coho populations outside the ESU.  

Haymes and Rawding (2005) summarized CWT recovery data for LCR hatchery stocks of coho (Type S and Type N) – relative to contributions to various ocean and in-river fisheries.  This project (200736800) will contribute to the data set needed to develop spawner-recruit functions and SARs needed to evaluate life cycle survival rates for natural stocks of coho salmon in the Washington portion of the LCR coho ESU.  
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