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a. Abstract 
Nutrient enhancement of freshwater spawning and rearing habitats is receiving increased attention as a possible recovery tool for endangered Snake River chinook salmon and steelhead trout populations.  This project proposes to develop a standard weight equation for chinook and steelhead smolts leaving their natal rearing habitat.  The equations can be used to evaluate the relative condition of Snake River smolts and compare them to other regions.  Secondly, we suggest that smolt-to-adult return rates (SAR) should vary with existing nutrient gradients and associated smolt condition.  The hypothesis that we propose to test is that relative weights (a measure of fish condition) should explain a significant proportion of the variation in SAR of Snake River chinook salmon and steelhead trout.  That accretion parallels the major assumption of stream fertilization projects (i.e., increased nutrients will improve growth, survival, and ultimately contribute to recovery of Snake River chinook salmon and steelhead stocks).   The addition of this work compliments ongoing nutrient proposals and adds to them by providing managers with a simple tool to measure the potential benefits of stream fertilization projects.  

b. Technical and/or scientific background
Adult salmon enrich freshwater spawning and rearing habitats with marine-driven nutrients.  Adult carcasses provide a direct food source for juvenile fish as well as stimulate primary and secondary production in the natal rearing habitat (lake or stream; Cederholm et al. 1999).  Reported benefits of marine-driven nutrients are increased growth and survival of juvenile fish.  The early survival benefits may also be manifested throughout the entire life history (Bilby et al. 2001).  Perhaps the best supporting evidence that describes the significance of marine-driven nutrients in freshwater rearing habitat is the nearly universal success of implementing artificial nutrient enhancement projects to bolster depressed stocks (Robinson and Barraclough 1978; LeBrasseur et al. 1979; Hyatt and Stockner 1985; Stockner 1987; Kyle 1994; Stockner and Macisaac 1996; Bilby et al. 1998; Larken and Slaney 1997).  In those examples, nutrient limitation in freshwater habitat was not suggested as the initial cause for salmon declines.  Nevertheless, those enhancement projects provided an effective tool for rebuilding or maintaining stocks.  That same rationale may apply and contribute to Snake River chinook salmon and steelhead trout recovery in Idaho.  

The paucity of adult returns and associated lack of marine-driven nutrients may compound migration and marine survival problems facing endangered Snake River chinook salmon and steelhead trout.    Stockner et al. (2000) identified dams and their impoundments as one of the causes for the oligotrophication of freshwater streams and rivers.  Gresh et al. (2000) reported that in the Pacific Northwest the deposition of adult carcasses in spawning and rearing habitat is 6-7% of the historic values.  Larken and Slaney (1997) suggested that depressed stocks are likely to decline even further in a “negative-feedback loop” (poor growth or smaller smolts) caused by reduced productivity in the freshwater habitat.   Poor growth or smaller smolts may result in lower downstream migration and ocean survival (Ward and Slaney 1988; Ward et al. 1989; Koenings et al. 1993; Beckman et al. 1999).  The goal of stream fertilization projects is to eliminate the negative-feedback loop by improving survival in the freshwater rearing environment and possibly even the SAR stage.  

To date, two proposals have been submitted and are being funded by BPA to study the potential benefits of nutrient enhancement in the Upper Salmon River (innovative proposals # 22047 contact person Beth Sanderson and 22002 contact person Todd Pearsons).  Those proposals intend to measure the impacts of nutrient enhancement on phytoplankton production, aquatic insects, and growth and survival of resident and (or) anadromous fish populations.  Newly developed technologies for distributing nutrients in streams will also be tested (i.e., disease free salmon analogs).  This proposal furthers the nutrient enhancement work by providing managers with a two-stage approach for assessing the potential benefits of stream fertilization projects.  The first stage is to develop a standard weight equation for chinook salmon and steelhead trout smolts.  That equation can be used to determine if the general condition of Snake River smolts is lower than the standard.  The second stage is an evaluation of how much variation in SAR survival can be explained by smolt condition.

Standard weight (Ws) equations for chinook salmon and steelhead trout smolts needs to be developed.  Standard weight equations provide a relative index of fish condition (Murphy et al. 1992).  There are two existing equations for resident rainbow trout (Simpkins and Hubert 1996) and landlocked chinook salmon (Halseth et al. 1990).  Those equations are not appropriate for this analysis because they do not include anadromous forms or adequate samples of smolt size fish (80 - 200 mm).  Standard weight equations will be developed using methods described in Murphy et al. (1990).  Once the equations are established, standard weights for chinook salmon and steelhead smolts from the Snake River stocks can be compared to standard weights for both species across their geographical range.  If Snake River stocks are suffering from the negative-feedback loop, then we expect the relative condition of many tributaries to fall below the standard.  The standard weight equation can also be used to rank each tributary in the Mountain Snake Province and help managers identify systems where nutrient additions may be beneficial.  

Secondly, existing variation in stream productivity and associated smolt condition should explain some of the variation in life-cycle survival.  Despite a lack of significant marine-driven nutrients, Idaho’s spawning and rearing tributaries resemble a continuum of productivity (oligotrophic - eutrophic).  For example, the upper headwater tributaries of the Salmon River (e.g., West Fork Yankee Fork of the Salmon River) are considered less productive than lower elevation streams (e.g., Lemhi River).  Length-weight relationships from those waters show that a 180 mm smolt leaving the Lemhi River weighs about 10% more than a smolt leaving the West Fork Yankee Fork of the Salmon River.  It follows that the central assumption of all stream fertilization projects is that larger smolts are better-conditioned and will enjoy significantly better survival at the egg-to-smolt or possibly the SAR stages.  Preliminary SAR values from 2001 PIT tag detections for the Lemhi River are 0.69% compared to 0.30% for the West Fork Yankee Fork of the Salmon River (http://home.rmci.net/abajo/reports.htm).  We realize that many factors may be contributing to the differences in SAR values from those example streams.  In this analysis we propose to compare SAR on a relative scale and for specific migration years (SAR for a specific tributary in 2001 / aggregate Snake River SAR 2001).  That method should minimize the impact of other variables such as ocean survival or downstream migration conditions.  Secondly, basic productivity data, length and weight information, and SAR survival estimates are available for many of the key spawning and rearing tributaries in the Mountain Snake Province.  Pooling all of that data should provide a large enough sample (n = about 20 streams X 10 migration years = about 200 points) to adequately evaluate the relationship between relative weight and SAR.  That data can be synthesized into a powerful tool for determining if a negative-feedback loop is a major limiting factor impeding recovery of Snake River salmon and steelhead populations (Figure 1).  
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c. Rationale and significance to Regional Programs
Salmon Subbasin Summary

Page 191 of the Salmon subbasin summary identifies a critical and relatively unique research need of “assessing whether reduction in imported marine nutrients associated with low anadromous salmonid escapements actually decrease growth and survival of salmon and steelhead parr and native resident fish particularly at low seeding densities.” 

Clearwater Subbasin Summary

Page 247 need # 6. “Investigate effects of potential loss or lack of nutrients due to declines in anadromous salmonid populations, and coordinate and evaluate nutrient enhancement alternatives.”

NPPC Fish and Wildlife Program

Sections of the plan with applicability include: 7.0A, 7.0C.4, 7.1A1

NMFS Biological Opinion

Sections of the biological opinion with applicability include: 5.2.1, 5.2.2,9.1.3, and 9.6.2

d. Relationships to other projects 
This indirect approach of evaluating the efficacy of stream fertilization takes advantage of existing data and will provide a powerful tool for ranking smolt condition for specific tributaries in the Mountain Snake Province as well as aggregate Snake River stocks.  This work does not overlap or impede ongoing nutrient enhancement proposals for the Mountain Snake Province (proposal # 22047 and 22002).  Smolt-to-adult returns and length/weight data will be queried from PIT tag information from Lower Granite Dam using PTAGIS.  The Idaho Natural Production Monitoring and Evaluation project will provide SAR estimates for the aggregate Snake River and specific tributaries.  

e. Project history 
This is a new proposal.

f. Proposal objectives, tasks and methods
Objective 1.  Determine through indirect methods if a negative-feedback loop (poor growth or survival in freshwater rearing habitat) is a significant limiting factor for Snake River chinook salmon and steelhead trout.  

Ho:
smolt relative weights for tributaries in the Mountain Snake Province are consistent with standard weights for chinook salmon and steelhead trout   

Ha: 
The Wr values are consistently lower than standard weight values  

Task 1a.  Develop a standard weight (Ws) equation for spring and summer chinook salmon and steelhead trout smolts.  Use the regression-line-percentile technique to develop a standard weight equation for smolts that have just begun their downriver migration.  The regression-line-percentile technique was developed to compute Ws equations without a fish length bias (Murphy et al. 1990).  Methods used to generate the Ws equations are described by Murphy et al. (1990).  Because of the potential change in morphology that may occur during downstream migrations (Cunjak et al 1990; Winans 1984), length and weight data from mainstem or downstream trap and collection facilities will not be used.  Many of the trapping locations for projects like Idaho Supplementation Studies are located just below key spawning or rearing habitats and will be targeted for this analysis.  Length and weight data will be pooled from the PTAGIS database.  Once Ws equations are available, relative weights (Wr) are calculated by the following equation: 100 X W / Ws, where W is the weight of an individual fish and the Ws the standard weight of the fish of the same length.  The Wr data can be used to rank smolt populations from major spawning and rearing tributaries and help managers determine if a particular stream may benefit from stream fertilization.    

Objective 2:  Determine if a significant proportion of the variation in SAR survival of spring and summer chinook salmon and steelhead trout can be explained by the relative condition (Wr) of smolts leaving their natal habitat.  

Ho:
there is no significant relationship between Wr and SAR survival 

Ha: 
Wr explains a significant portion of the variation in SAR survival (this alternative hypothesis parallels the central assumption of stream fertilization projects)

Task 2a.  Describe the proportion of variation in SAR that can be explained by smolt condition.  Relative weight and SAR data from specific tributaries in the Mountain Snake Province will be plotted to generate a predictive model that relates Wr to SAR performance (theoretical representation is shown in Figure 1).  Use the above Ws equation to compute mean Wr (smolt weight/standard weight) for each tributary.  Use PIT tag data collected at Lower Granite dam to estimate SAR for tributaries with Wr data.  Plot SAR as a function of Wr.  

g. Facilities and equipment
Existing facilities (building, computers, etc.) at IDFG’s Nampa Research office will be used to complete the analysis.  No new capital outlay or specific use equipment will be required.
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Principal Fish Research Biologist

TBA, currently open

FTE = 0.2

The principal fish research biologist is the project leader for the Idaho Natural Production Monitoring and Evaluation Project and will oversee the analysis and reporting of this project.  Responsibilities include: develops work plans; participates in hiring staff; trains, assigns work and evaluates performance; participates in developing and monitoring a program budget; reviews and edits research reports; coordinates research projects with other agencies and department personnel; provides safety training and monitors work activities for accident prevention.

Planning and field research: develops fisheries research project proposals; researches technical and professional literature for relevant information; identifies project data requirements; develops research techniques; selects fish collection devices; interviews anglers and conducts creel census; conducts spawning ground surveys; marks fish for future identification; collects research and management information at fish and game check stations; operates and repairs various motorized and nonmotorized equipment.

Data analysis: compiles and analyzes data such as age composition and growth rates of fish populations; prepares project reports; makes recommendations to management based on research findings.

Miscellaneous activities: presents information to professional and lay groups; conducts wildlife inventories; participates in chemical rehabilitation of lakes and reservoirs; occasionally assists in enforcing fish and game laws.

Paul R. Bunn
FTE = 0.8

Private consultant, owner of DIGIQUADS, and part-time employee of IDFG

Paul will complete all of the PTAGIS queries and accumulate the length-weight data required to build the standard weight equations for chinook salmon and steelhead trout.  Paul has extensive experience running queries from PTAGIS database.  Paul was responsible for PIT tag queries for two peer review publications (Nemeth and Kiefer 1999; Fisheries 24:16-23, and Kiefer et al., accepted to NJFM with revisions).  In addition to managing DIGIQUADS, Paul works part time for the Idaho Department of Fish and Game.  Paul has worked in the anadromous fisheries research program since April of 1993.  Important duties include providing daily and weekly MS Access reports posted via the Internet on the migration status of Snake River juvenile and adult chinook salmon and steelhead through the Columbia River corridor, providing extensive data analysis and summaries of PIT tag data to research biologists, and coordinating field efforts with other resource agencies.  He provides technical assistance on various computer related topics including spatial data (GIS), database management, computer programming and software/hardware troubleshooting.  Paul also assists with the supervision of work crews in the collection of biological data and performs independent field collection duties involving data analysis, data summarizing and report writing. He received his B.S. degree in 1989 from Brigham Young University with additional coursework in fisheries from Utah State University (USU).

Figure 1.  Theoretical relationship between relative weight (smolt condition) and SAR survival rates (SAR).  The SAR values for the analysis will be converted to relative SAR by dividing the tributary specific SAR by the aggregate SAR for Snake River populations as a whole.  The purpose for that conversion is to minimize the impact of other variables (i.e., ocean survival, migration year conditions) on the analysis.  
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