Response to review comments for:
200725800: Development of reliable ESU-specific estimates of escapement, harvest, and straying for adult anadromous salmonids migrating through the Federal Columbia River Power System.

Sponsor: Chris Peery, University of Idaho

ISRP Comments: There are several items identified below that the project sponsors need to respond to for the ISRP to complete an evaluation. 

1.  In addition to responding to ISRP questions, the ISRP recommends that sponsors clearly articulate and prioritize the objectives and try to narrow down the objectives to 2 or 3 that may be manageable. 

Response.  The number of objectives were reduced to focus on the main goal, to develop system-wide and subbasin specific escapement, harvest and stray rates for salmon and steelhead groups of interest.  
2.  As a first comment, however, this proposal reads as though the past projects that had been radio tagging adult salmon at Bonneville and monitoring their upstream migration to various points in the hydrosystem were winding down, and the sponsors of those past projects were searching for a use of the antenna array. It would be unfortunate if the array fell into disrepair and would be unavailable in the future. In the end, a decision to maintain the array when there is not an immediate use for a management purposes is an administrative decision. In the proposal it is not clear who is going to use the data or who is calling for the data. Past projects (or agencies) that have used data on radio-tagged salmon are identified, but not by project. Only one project 200714400 is clearly identified as needing radio telemetry monitoring of salmon, at this time. The proposal does not do a good job of justifying the need to gather the radio telemetry observations. The uses of past data are not well covered.
A response should indicate who wants the data and how it is going to be used in management.

Response.  This proposal was developed in response to data needs identified by the Council, as noted in Section C of the proposal;

“Monitor inriver and ocean fisheries and routinely estimate stock composition and stock specific abundance, escapement, catch and age distribution.  Expand monitoring programs as necessary to reduce critical uncertainties.  Manage data so that it can be easily integrated and readily available in real-time.” (NWPPC FWP) 

The previous telemetry study conducted by the University of Idaho was primarily funded through the US Army Corps of Engineers with the goal to evaluate passage conditions for adult salmon and steelhead at Federally operated hydroelectric projects on the mainstem Columbia River.  Data collected was used to identify potential sources of delay or loss within the hydrosystem, such as mortality related to fallback behavior, how fish reacted to high spill at dams, and potential bottlenecks to passage at dams such as count window stations and transition pool areas, among other topics.  Later phases of this program used telemetry to evaluate modifications made to fishways intended to improve fish passage.  Associated with these objectives, we were able to generate basin-wide metrics of migration success such as escapement rates between Bonneville and Lower Granite dams that fulfilled the needs of NMFS and BPA.  This information has been used by those involved with the Hydrosystem Biological Opinion Remand to develop stock-specific escapement goals for salmon recovery process.  We have provided data summaries to personnel from National Marine Fisheries Service (NMFS), Corps of Engineers, BPA, TMT, States of Oregon, Washington, and Idaho and several Tribal groups towards this end (see attached letters of support).  The US Army Corps of Engineers will no longer be funding telemetry monitoring on the scale that will allow the generation of basin-wide or sub-basin specific escapement, straying or harvest estimates.  

A primary goal in the proposal is to generate harvest estimates for salmon and steelhead fisheries.  Generating reliable harvest estimates within the Columbia River is problematic but is critical to NMFS, Pacific Salmon Commission (PSC), TAC, States and Tribes for effective management and recovery of salmon/steelhead stocks.  We propose two methods to accomplish this, the first uses a reward program that provides individual fishers to return tags with capture information.  We would then use actual telemetry records to confirm this information.  The second method using stock composition and run timing information to estimate probabilities of stock-specific harvest in river sections fisheries occurred as described in Jepson et al. (2005).  
Recent questions have been raised on the relationship between hydrosystem passage and delayed mortality to adult migrants (Ritchie Graves, NMFS; Ron Boyce ODFW, pers. comm.).  For example, what is the relationship between hydrosystem passage and survival and spawning success of Snake River fish upstream from Lower Granite Dam?  We have summarized the limited existing data related to this, as requested, but focused monitoring of fish in sib-basin populations is needed to specifically address this question and would be possible in the proposed work.  
In addition to providing information that directly addresses system-wide and sub-basin escapement and harvest rates, run timing and run composition information collected from past telemetry monitoring has also been provided to Idaho, Washington, and Oregon State Fisheries Biologist to assist set and monitoring terminal fisheries.  We have also cooperated with dozens of other agency researchers to assist collect telemetry data sharing monitoring and mobile-tracking coverage dealing with studies on juvenile and adult salmon, steelhead, bull trout and other resident fish, sturgeon and lamprey through the basin.  It is not known how many of these other projects were BPA-supported.  
3.  A response should also explain the statistical basis for the design for testing escapements into different subbasins. The design for testing escapements and straying into various tributaries and reservoirs is descriptive. A discussion on a design for testing differences (e, g., ANOVA or an alternative) is needed. 
The section on method to develop sub-basin escapement estimates and confidence intervals was added to the proposal.  The general procedure is to determine the ration of radio-tagged to untagged (counts) fish at the nearest dam downstream of each sub-basin.  Then use the number of tagged fish known to have reached the sub-basin and this ration to calculate the actual escapement to that sub-basin.  Dam counts would be adjusted for bias caused from fallback and reascension behavior we document from radio-tagged fish.  System-wide and sub-basin escapement estimates would be provided with adjustments for harvest and stray rates.  
4.  There are multiple options for collecting data to estimate the various parameters that the sponsors indicate need to be determined - abundance, harvest rate, straying, fallback. The sponsors propose using the existing telemetry array and radio tagging fish to accomplish the task. There is inadequate justification of the benefits and costs of various options to collect the data - PIT tags versus radio tags, etc.
In section B we discuss use of dam counts and PIT-detections to determine adult escapement levels.  Counts have several limitations and sources of error such as commercial, tribal, and illegal harvest, estimation of tributary turn-off, use of definitive cut-off dates for run timing, count error caused by fallback at dams, and can not be used to determine sub-basin turnoff or pre-spawn mortality.  Further, survival and escapement estimates generated from fishway counts are not typically separated into hatchery-origin and wild stocks nor are wild stocks separated into demographically independent spawning groups or production units.  
PIT tags interrogations at dams (currently at Bonneville, McNary, Ice Harbor, Lower Granite, and three upper Columbia River dams) to estimate adult return and intra-system conversion rates.  However, PIT-detection data suffers from several of the same weaknesses of count data, namely, lack of comparable harvest and straying information to allow partition of loss between dams, errors associated from fallback events.  PIT detections can be used to reduce errors from fallback by estimating fish that reascend dams (counted twice) but can not be used to determine fallback events when fish do not reascend a project.  Although there are currently attempts to develop means to monitor PIT tagged fish in tributaries, this technology has yet to be proven accurate or reliable.  Without coverage in free-flowing river segments, tributary turnoff and sub-basin escapement estimates can not be generated.  In addition, PIT-information is only available for groups of fish  PIT-tagged in high numbers as juveniles one to three years previously (primarily of hatchery origin).  In a recent treatment of the use of PIT tag information to develop system survival estimates, PIT detections, adjusted for harvest (TAC estimates) and straying (using rates generated from our telemetry study) produced some values exceeding 100% (see 16 June 2006 Columbia Basin Bulleting and our feedback comment on 30 June).  Although these methods will assuredly be refined and improved over time, this illustrates the inadequacies of the current level of PIT-data to accurately generate reliable survival values.
Other methods are used to develop stream-specific escapement levels, redd counts and in-basin mark-recapture programs.  Redd counts provide good indexes of productivity but require a validated expansion method to translate to actual escapement values.  Mark-recapture estimates rely on recovery of fish or carcasses so visual tags can be detected.  These programs require weir or trap where adults can be collected, not always available, or need labor-intensive spawning ground surveys.  These can be problematic since we have documented that a significant number of fish can dye prior to peak spawning periods, when surveys re typically made, and carcasses can be quickly removed from streams by vertebrate scavengers before they can be inspected for marks.  
5.  The budget includes the cost of 1,300 radio transmitters but no additional antennas, so the comment in the proposal (page 8) that "fixed aerial antennas will be installed in all major Columbia River tributaries..." was confusing.

Most remote receiver and antenna sites used in the past are in place, although most are not currently in use.  Prior to use, some repairs or replacement of aerial antennas will likely be necessary.  Material costs for these repairs and maintenance would come the “Supplies” segment of the budget.  
6.  Regarding tagging and sampling effort, the numbers to be tagged and the choice of fish were vague. For example, "known-source" fish with PIT tags (but unmarked so presumably natural) are preferred, but some hatchery-origin fish may be tagged. "Exact numbers of tagged fish for these studies will be determined by research needs and resources available." It seems like the purpose for radio tagging these fish is not yet established. The critical research questions (needs above) are not decided, so the numbers of fish to be tagged is not yet determined. This does not convince a reviewer of the essential need to use the array and radio tagging to obtain data on fish abundance and estimate vital fish population statistics from it.

We agree the wording of this section was confusing.  We have attempted to clarify proposed tagging effort.  Focus for the proposed work would be naturally produced spring-summer Chinook salmon and steelhead, and so we would focus on selecting unclipped fish for tagging.  We propose a minimum sample size of 650 each for these two groups fort he proposed work.  Using known-source fish as a portion of the entire sample greatly facilitates some the escapement straying and harvest analyses, and so we would attempt to incorporate as many of these as possible into the fish tagged.  Unfortunately, relatively few non-hatchery fish are PIT tagged in the system and it may be necessary to target hatchery fish where they are able to serve as adequate wild surrogates.  For example, McCall Hatchery Chinook salmon appear to behave in a similar fashion as the South Fork Salmon River summer Chinook stock.  Fall Chinook salmon is a another group of interest to regional managers and we will attempt to gain separate cost sharing funding through Pacific Salmon Commission and State of Washington to purchase transmitters that will allow monitoring of this group if the current proposal gains approval.  
7.  The methods for biotelemetry work seem appropriate and established. The proposal would benefit from a back up plan if low escapements result in fewer fish to work with. How would smaller number affect variances?
We have conducted telemetry monitoring on adult salmon and steelhead during high and low escapement years.  Because of the effectiveness of the trap facility at Bonneville Dam, and the relatively low number of fish we propose to be tagged, sample sizes can be attained even during low return years.  Indeed, it could be argued that the need for escapement information is even greater during periods of low returns.  If it was anticipated that run numbers were to reach extremely low numbers, such as occurred during the early 1990’s, tagging could be postponed for a year to reduce any potential disruption of the run from trapping operations.  Reducing the sample size would not be advised since it would eliminate the ability to produce usable system-wide information.  
8.  Studies proposed under Objectives 4 (spill effects) and 5 (removable spillway weir, marine mammals) require specific experimental designs. These are complex topics and the present proposal gives only simplistic designs to study them. Methods for objective 4, regarding spill effects are not explained. More details on the design of experiments are needed as well as more information on the "innovative modeling" (proportional hazards regression). Were the results of the past research on this topic subjected to peer review?
After further consideration, and in response to the initial comment listed above, we decided to drop these objectives and focus the proposal on main goals, to develop system-wide and sib-basin specific estimates of escapement, straying and harvest.  Specific objectives dealing with dam operations are more appropriate for other management groups.  
9.  Assignment of fish stock to "unknown-source" radio-tagged fish - Lundrigan et al. 2004 - was not in the citations. NOAA Fisheries is identified in the proposal as a contract provider to genotype fish and perform assignment of individuals. There is no evidence that NOAA knows it is a contract service provider for this proposal.

The Ludrigan et al. (2004) reference was added to citation list.  Brian Burke, from the Fish Ecology Division, Northwest Fisheries Science Center, NMFS, in Seattle.  Mr. Burke has coordinated genetic analyses of tissue samples from select groups of fish we have handled at Bonneville Dam for the last two years.  
10.  Regarding calculation of vital rates, the biggest question is the magnitude of the unknown losses and whether those overwhelm the precision of the estimates of real interest. There is little supporting documentation from the earlier investigations to put confidence limits on the estimates. Data from earlier work could be used to provide an idea about the sample sizes required and the quality of the data.

Listed below is an example of escapement calculations and associated confidence intervals calculated as we describe in the proposed work.  These data are for a groups of fall Chinook salmon we tagged at Bonneville Dam and tracked to spawning populations.  Based on previous results such as these we believe the minimum sample size should be 600 fish tagged per species or run of interest to produce good system-wide and sub-basin specific escapement estimates (2004 and 2005 estimates in the table below were from 600 fish tagged at Bonneville Dam each year).  For this work we propose to tag a minimum of 650 to 800 fish each from two groups, spring-summer Chinook salmon and steelhead.  If 650 new transmitters were purchased each year, we anticipate approximately 25% of these would be recaptured and available to re-use in fish later in the migration year, allowing for about 800 fish per group to be sampled.
Table 4.  Dam counts, adjustment factors, and adjusted dam counts for The Dalles (TD), McNary (MN), Ice Harbor (IH), and Priest Rapids (PR) dams, and annual escapement estimates, coefficients of variation (CV),  and 95% confidence intervals for fall Chinook salmon (FLCK) upriver bright subgroups from the Deschutes, Snake, and Yakima rivers, the Hanford Reach, and the subgroup returning to sites upstream from Priest Rapids Dam on the Columbia River, 1998 and 2000-2005. 
	URB subgroup
	Year
	FLCK dam count 
	Dam
	Adj. fact.
	Adj. FLCK count
	Unique radiotags past dam
	Unique radiotags 

‘escaped’
	Estimated escapement

(number of FLCK)
	CV

(%)
	+/- 95% C.I.

	Deschutes R.
	1998
	92,932
	TD
	0.941
	87,449
	629
	51
	7,217
	13.2
	1,867

	
	2000
	124,967
	
	0.913
	114,095
	729
	42
	6,720
	14.7
	1,931

	
	2001
	181,316
	
	0.919
	166,629
	651
	50
	13,033
	13.4
	3,411

	
	2002
	245,938
	
	0.901
	221,590
	695
	38
	12,416
	15.4
	3,748

	
	2003
	313,697
	
	0.895
	280,759
	435
	19
	12,878
	21.4
	5,399

	
	2004
	303,998
	
	0.900
	273,599
	401
	13
	9,527
	25.4
	4,749

	
	2005
	234,042
	
	0.940
	219,999
	420
	22
	12,018
	19.9
	4,693

	
	
	
	
	
	
	
	
	
	
	

	Snake R.
	1998
	4,220
	IH
	0.931
	3,929
	29
	25
	3,405
	7.5
	502

	
	2000
	6,652
	
	0.970
	6,452
	28
	17
	4,005
	15.1
	1,189

	
	2001
	13,516
	
	0.884
	11,948
	45
	33
	8,831
	9.0
	1,561

	
	2002
	15,248
	
	0.890
	13,571
	50
	39
	10,643
	7.5
	1,574

	
	2003
	20,998
	
	0.854
	17,932
	27
	19
	12,808
	12.5
	3,147

	
	2004
	21,104
	
	0.963
	20,323
	14
	14
	20,323
	0.0
	0

	
	2005
	14,677
	
	0.909
	13,341
	32
	29
	12,128
	5.8
	1,369

	
	
	
	
	
	
	
	
	
	
	

	Hanford
	1998
	63,791
	MN
	0.984
	62,770
	428
	358
	52,528
	2.1
	2,202

	
	2000
	67,572
	
	0.998
	67,437
	449
	325
	48,854
	2.9
	2,792

	
	2001
	110,517
	
	0.961
	106,207
	428
	257
	63,872
	3.9
	4,934

	
	2002
	141,682
	
	0.963
	136,440
	442
	270
	83,465
	3.8
	6,209

	
	2003
	178,951
	
	0.966
	172,867
	276
	164
	102,971
	5.0
	10,033

	
	2004
	171,048
	
	0.975
	166,772
	252
	157
	104,150
	4.9
	9,999

	
	2005
	134,876
	
	0.992
	133,797
	265
	157
	79,473
	5.1
	7,931

	
	
	
	
	
	
	
	
	
	
	

	Yakima R.
	1998
	63,791
	MN
	0.984
	62,770
	428
	16
	2,486
	23.2
	1,129

	
	2000
	67,572
	
	0.998
	67,437
	449
	22
	3,446
	20.0
	1,348

	
	2001
	110,517
	
	0.961
	106,207
	428
	46
	11,635
	13.7
	3,120

	
	2002
	141,682
	
	0.963
	136,440
	442
	53
	16,631
	12.7
	4,137

	
	2003
	178,951
	
	0.966
	172,867
	276
	20
	13,104
	20.6
	5,297

	
	2004
	171,048
	
	0.975
	166,772
	258
	9
	6,591
	29.6
	3,829

	
	2005
	134,876
	
	0.992
	133,797
	265
	21
	11,065
	20.1
	4,360

	
	
	
	
	
	
	
	
	
	
	

	Upstream
	1998
	9,662
	PR
	1.000
	9,662
	10
	10
	9,662
	0.0
	0

	from
	2000
	38,813
	
	0.690
	26,781
	68
	46
	18,242
	8.4
	3,000

	Priest Rapids
	2001
	24,225
	
	0.921
	22,311
	61
	51
	18,712
	5.7
	2.090

	Dam
	2002
	24,898
	
	1.000
	24,898
	56
	56
	24,898
	0.0
	0

	
	2003
	48,261
	
	0.919
	44,352
	58
	53
	40,593
	4.1
	3,232

	
	2004
	43,513
	
	0.907
	39,466
	36
	32
	35,200
	6.0
	4,109

	
	2005
	31,289
	
	0.919
	28,755
	37
	34
	26,484
	4.9
	2,564


Letters of support for proposal.

Dr. Chris Peery

P.O. Box 441136

University of Idaho

Dept. Fish and Wildlife Resources

Moscow, ID 83844

June 30, 2006

Dear Chris:

I wanted to provide some management perspective about your proposed project for the Northwest Power and Conservation Council’s solicitation process:  200725800: Development of Reliable ESU-Specific Estimates of Escapement, Harvest, and Straying for Adult Anadromous Salmonids Migrating Through the Federal Columbia River Power System.  I want to focus on the ancillary ways that Idaho Department of Fish and Game anticipates future use of the radio tag data that could be generated from this radio tagging study.  However, I also wish to express caution about use of radio-tagging to generate harvest estimates.

Previously, both distribution and timing information for known-source stocks upstream of Lower Granite Dam have been extremely helpful in assisting us in estimating general migration patterns for upper Salmon River and Clearwater stocks to use in Idaho for trapping assessments and harvest plan development.  We expect additional information from your study proposal to assist this endeavor.  Timing information for hatchery and the corollary natural stocks has been vital to anticipating “pass-through” timing for Idaho fishery planning.  We continue to struggle with ways to estimate the proportional escapement of hatchery and natural fish into primary basins, i.e. the Salmon, Clearwater, Grande Ronde and Imnaha basins for run reconstruction analyses and to estimate incidental take thresholds, so improved information would help these efforts that then could be linked with population information derived from redd counts and weir counts.

In the past we have used adult radio tracking generated by your studies to investigate many aspects of objectives 2 through 5, in particular to detect problems or allay concerns about adult delay at the projects and to assess real-time changes in configuration at the projects.  The radio tagging provides more information about fallback behavior than could be derived from just PIT tags.  We have also used distribution information from radio-tagging as an index of straying patterns based on stocks and environmental variables.

I remain skeptical about effort to use radio tagging to provide harvest estimates because of the voluntary nature of returning the information and our concern that the bias of monetary incentive and confusion about a particular fish being tagged with something that an angler is supposed to remove may actually promote retention of fish that are not supposed to be retained.  I believe the harvest information will be more useful as an index, i.e. describe which stocks are being retained in fisheries along with information about where and when, which is useful to fishery managers trying to use time and area to craft fisheries and reduce impacts.  However, I feel that generating a specific quantified estimate will be less appropriate; creel information should remain the primary method for developing harvest estimates, particularly in tributary fisheries.  As you recognize in your proposal, there will always be a component of “unknown mortality” and it will be impossible to sort out how much of this is due to migration, harvest, or other processes.  However, the radio tagging can give us much more specific area and timing information than the general dam to dam conversion information available from PIT tags.

I recognize that there are many competing priorities in the basin for funds in the solicitation process but the radio tagging data has been useful to mine for specific management application.  Please keep us apprised of your funding status so that we can keep you updated on juvenile PIT tagging information and work with you on adult tagging criteria, as we have in the past.

Sincerely, 

SWK

(electronic version sent by Sharon Kiefer, Anadromous Fish Manager, Idaho Department of Fish Game.  Signed copy on letterhead arrived in the mail).
On 26 Jun 2006 at 9:42, Horton,Bill wrote:

Date sent:      
Mon, 26 Jun 2006 09:42:07 -0600
From:           
"Horton,Bill" <bhorton@idfg.idaho.gov>

Subject:        
RE: Letter of support

To:             
cpeery@uidaho.edu

> Chris, one item that I think is of value in support of your research

> is the information Herb Pollard presented at AFS and other venues

> (Coastwide Steelhead Conference where I chaired a session at the 2006

> conference and the reason I have his paper), where he presented

> straying info on Snake River steelhead.  Information you provided from

> the telemetry work helped him assess straying and provide information

> for steelhead management in Idaho.  I'm on the road for a couple of

> days, but I check to see if Sharon has given you comments.

> 

> Bill Horton

> bhorton@idfg.idaho.gov

On 23 Jun 2006 at 10:16, Ron Boyce wrote:

Date sent:      
Fri, 23 Jun 2006 10:16:56 -0700
From:           
Ron Boyce <Ron.R.Boyce@state.or.us>

Subject:        
RE: Letter of support

To:             
cpeery@uidaho.edu

> Hi Chris, We certainly will provide a letter of support, should this

> be directed to you or the Corps? I'll draft it and talk to Ed about

> sigining it. One area that we would particularly want to continue

> investigation is post Granite pre-spawning mortality to expand on the

> South Fork data base. Any thoughts on a study design to look at the

> issue more comprehensively (this will need to submitted a 1 pager).

> You probably heard about what Ritchie Graves from NOAA F reported to

> the Council (no losses BON-LGR) but again this is looking only at

> direct effects not cumalative effects. I will be returning to the

> office next week and will get out the letter. Hope all is well with

> you!   Ron

> 
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June 21, 2006

Dear ISRP,

We would like to add our support for recommending funding for proposal number 200725800 “Development of reliable ESU specific estimates of escapement, harvest, and straying for adult anadromous salmonids migrating through the Federal Columbia River Power System”

Previous results from University of Idaho telemetry studies have provided invaluable, previously unknown, information on steelhead and fall Chinook salmon stray rates into the Deschutes River, Oregon. Deschutes River fall Chinook salmon are used by the U.S. Chinook Technical Committee of the PSC as an escapement indicator stock to implement an abundance based management regime adopted under the 1999 annex to the U.S. -  Canada Treaty.  Fall Chinook. The tribes have been generating an independent estimate of fall Chinook salmon escapement to verify existing methods of escapement estimation to meet USCTC data standards since 2001. University of Idaho personnel have provided timely analysis of fall Chinook salmon straying data that has allowed us to correct our estimates for out of basin strays. Our project is scheduled for completion during 2008. The continued availability of annual straying data provided by the University of Idaho will greatly assist with our current project. 

Information provided by this project will be of great benefit for the tribes’ efforts to co-manage this wild stock of salmon. We hope you will recommend Project 200725800.

Sincerely,

CHRIS BRUN

CTWSRO 

Fisheries Research and Monitoring 
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PSC Chinook Technical Committee

US Section
TO:
Independent Scientific Review Panel


c/o Northwest Power & Conservation Council

FROM:
U.S. Chinook Technical Committee

DATE:
June 28, 2006

SUBJECT:
University of Idaho Proposal “Development of reliable ESU specific estimates of escapement, harvest, and straying for adult anadromous salmonids migrating through the federal Columbia River power system.”

A cornerstone for the management and conservation of Chinook salmon stocks under the purview of the Pacific Salmon Treaty between the United States and Canada is the evaluation of escapement trends and objectives. Both the United States and Canada have devoted considerable efforts to improving escapement estimation methodology and to developing biologically-based escapement goals. The USCTC considers the continuation of the radio-telemetry studies on the Columbia River important for improving escapement estimates and objectives for Columbia River Chinook salmon. This project is a cost-effective way of generating mark-recapture estimates on component stocks contributing to the large stock aggregates monitored with dam counts. The project also provides information on fallback and straying behaviors, interdam mortality rates, and inriver harvest rates that can be used to improve management decisions. The USCTC understands that the Army Corps of Engineers, which has been the primary funding source for the telemetry studies on the Columbia River, considers the research to date as sufficient to meet their objectives and has discontinued funding for the project. The USCTC has provided stop-gap funding over the past three years to continue aspects of the radio telemetry work on fall Chinook salmon, but does not have the resources to maintain annual funding for this work. Thus the USCTC strongly encourages the Bonneville Power Association to fund for this project in order to continue these important time series of stock-specific escapement estimates and associated data.    
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