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a. Abstract
Continue collecting and PIT tagging wild ESA-listed Snake River spring/summer chinook salmon parr from several streams annually; intercept and decode tagged parr/smolts as they pass traps in tributary streams and Snake and Columbia River dams annually. Examine and map the migrational characteristics of these wild salmon stocks both annually and historically. Continue monitoring environmental parameters within natal streams and determine how they affect wild parr and smolt movements and migrations. Continue providing real-time wild smolt timing data for making operational decisions to maximize survival of wild smolts as they migrate through the Federal Columbia River Hydropower System.  
b. Technical and/or scientific background

This research provides critical information related to the timing of the outmigrations of various stocks of wild spring/summer chinook salmon in the Snake River.  Section 304(d) of the 1980 Columbia River Fish and Wildlife Program states that the program will take into account the migrational characteristics of the various stocks of salmon in the Columbia River Basin.  Prior to this study, there was considerable information of this type for hatchery stocks but none for wild stocks of salmon.  This research provides this important information.  Further, Section 204(b) urges conservation of genetic diversity.  This will only occur if wild stocks are preserved.  Preservation of healthy wild stocks will not be possible unless their downstream migrational characteristics are examined and taken into account by fisheries managers.  


Wild juvenile salmon used in this study will be collected from streams in Idaho.  The Idaho Department of Fish and Game (IDFG) has expressed a high level of support and encouragement for this work.  Annually, field work in several Idaho streams is coordinated with ongoing studies by the IDFG, Nez Perce Tribe (NPT), and the Shoshone-Bannock Tribe (SBT).  Since PIT tags are automatically decoded within collection systems at hydropower projects, no coordination or agreement with the U.S. Army Corps of Engineers is required.  Finally, timely in-season updates as the fish migrate through the dams can be accessed through the Fish Passage Center’s web page, Pacific States Marine Fisheries Commission’s PTAGIS web page, and the University of Washington’s DART web page.  

Background

The Snake River drainage once produced a relatively stable and viable population of spring/summer chinook salmon (Oncorhynchus tschawytsha).  Prior to 1970, Raymond (1988) estimated annual wild smolt populations ranging from 1.3 to 2.0 million fish arriving at Ice Harbor Dam. With virtually no programs in place for protection during their downstream migrations through the Federal Columbia River Hydropower System (FCRPS), these wild populations produced adult returns ranging from 50,000 to 79,000 fish with an average return rate of 4.4%.


During the 1970's, major problems developed which severely impacted the wild populations during their smolt migrations through the hydroelectric complex.  In the early years of the decade, three additional dams were completed on the lower Snake River.  Concomitantly, gas supersaturation caused by spilling excess water during average to high flow years was identified as a major cause of mortality affecting both adult and juvenile migrants.  The opposite extreme also occurred during this period.  Severe droughts in the Snake River during 1973 and 1977 were associated with catastrophic losses of smolts.  Moreover, during the latter part of the decade, mortalities and injuries were associated with certain components of the collection and bypass facilities at Lower Granite, Little Goose, and McNary Dams.


The decrease in wild fish populations resulting from these adverse conditions during the smolt migration phase of their life cycle is evident from spawning escapement trends from 1960 through the early 1980s (White and Cochnauer, in press).  During 1960-70, redd counts in the Middle Fork of the Salmon River index areas averaged 1,603 redds (range 1,026 to 2,180).  From 1971-78, the counts dropped to an average of 683 redds (range 221 to 1,348).  During the next 6 years (1979-84), counts plummeted to an average of 142 redds (range 38 to 195).  A once viable population of wild fish appeared to be nearing extinction.  However, these severely reduced spawning escapements produced substantial increases in spawning indices in the mid-1980's.  From 1985 through 1988, redd counts in the Middle Fork of the Salmon River averaged 533 redds (range 350 to 972)--a four-fold increase over the previous 6-year period.  Wild stocks have clearly demonstrated high resiliency and potential for recovery.  In addition, other researchers have estimated similar return rates for wild fish.  Fast et al. (1986) estimated smolt to adult survival of wild spring chinook salmon in the Yakima River system of 4.4 and 4.5% for the 1983 and 1984 smolt outmigrations, respectively.


Downstream movements of wild juvenile spring/summer chinook salmon from natal areas occur to some extent during most of the year with the exception of mid-winter (Edmunson et al. 1968; Durkin et al. 1970; Krcma and Raleigh 1970; Bjornn 1971; Everest and Chapman 1972; Raymond 1979; Sekulich 1980; Lindsay et al. 1986).  By far the largest downstream displacements occur in fall (0-age) and spring (1+ age).  Distance and magnitude of the fall migrations vary annually by stream and are influenced by prevailing environmental conditions and cover availability (Bjornn 1971; Raymond 1979; Sekulich 1980).  These migrations do not include all individuals of a particular stream population and are limited to movements into larger downstream tributaries probably for over-wintering purposes.  The spring movements are associated with smoltification and downstream migration to the sea.  Regardless of location in fresh water, all yearling fish are subject to this phenomena in spring with the exception of small numbers of precocious males (Bjornn 1971).  If flows are adequate, these spring migrations culminate in all fish moving into the sea.  


Raymond (1979) reported on the timing of wild smolts arriving at Ice Harbor Dam from 1966 through 1975.  This work centered primarily on the timing of a composite of all wild fish emigrating from the Salmon River in Idaho. In this study, the composite population arrived at the dam in early April and was usually present until late May and early June.  Peak movement varied annually occurring as early as 20 April and as late as 20 May.  However, traps in the lower Salmon River where study fish were marked were not always operated over a period of time that would include all of the wild populations in the study.  The timing of a few individual populations were reported for only two years, 1966 and 1967.  In 1966, the earliest arriving fish were from Eagle Creek and the Imnaha River in Oregon with a median passage date of 16 April for both streams.  The latest arriving fish were from the Grande Ronde and Wallowa Rivers in Oregon with median passage on 3 June for both streams.  In 1967, fish originating in the Lemhi River in Idaho peaked earliest on 21 April while fish from a nearby stream, the East Fork of the Salmon River, arrived last, peaking on 19 May.  Lindsay et al. (1986) found that wild smolts from the John Day River moved past John Day Dam on the Columbia River between mid-April and early June from 1979 through 1984.  However, sample rates were extremely low at the dam, averaging 0 to 6 fish annually.  


A detailed review of Raymond's unpublished field notes and data indicates his results do not provide the scope or precision that is currently required for making cogent decisions concerning these fish during their smolt migrations through the hydroelectric complex.  For logistical reasons, the most important work (timing of populations from individual streams or reaches) received the least attention.  Moreover, by today's standards, the methodologies used were primitive.  Various forms of thermal marks including hot brands, alcohol and dry ice, and liquid nitrogen were used to mark very small parr in the fall.  Nearly all of these marks would have been virtually unnoticeable much less identifiable at the dam the following spring.  Nearly all marking was on parr caught in box traps in the fall.  Marking of fish not migrating at this time was limited to a few individuals in a few streams.  Only fish >70 mm in fork length were marked; therefore, marked fish were not representative of the entire population in any particular stream.  This likely would have excluded from the study nearly half of the fish sampled in all streams.  In many cases, release numbers were low. In all cases, recoveries of marked fish at the dam were low, usually in the range of 0-10 fish.    

c. Rationale and significance to Regional Programs

We believe that migrational characteristics of wild spring/summer chinook salmon smolts (previously tagged as summer parr) should continue to be monitored at downstream traps and dams and evaluated yearly.  This information is used for real-time management decisions on FCRPS operations during the annual smolt migrations. We are now examining the run timing of wild fish stocks over several years to determine if consistent patterns are apparent and to examine possible relationships with environmental factors.  Wild spring/summer chinook salmon parr are captured and PIT-tagged in their natal streams during the summer.  The fish are then returned to the stream in the same area from which they were sampled.  This allows exposure to all environmental factors that affect behavior and survival from that point forward and produces the most accurate timing (and estimated survival information) for these stocks as smolts during passage through the FCRPS, since all subsequent behavioral strategies are represented. Tagging fish from juvenile migrant fish trapping in natal streams cannot yield true representation of wild smolt stock timing at the dams, because (among other reasons) traps are usually operated intermittently from summer to the following spring which leads to disproportionate representation for the various life history strategies in the populations.  However, these traps are very useful for monitoring annual chinook salmon escapement trends, estimating parr-to-smolt survival for some portions of the populations (such as summer and/or fall outmigrants), estimating production and monitoring emigration, and collecting valuable biological data on the stocks (particularly on parr that were tagged previously in summer).


Before 1992, fisheries managers relied on branded hatchery fish, index counts, and flow patterns for information to guide their passage decisions.  A more complete approach now integrates mark information for a broad mixture of the Columbia River Basin's wild/natural and hatchery stocks.  The Northwest Power Planning Council (NWPPC) has stated "... major gaps remain in understanding Columbia Basin stocks, their life patterns and survival at different points in their life cycles."  Further, the 1980 Fish and Wildlife Program, Section 304(d) states that "The monitoring program will provide information on the migrational characteristics of the various stocks of salmon and steelhead within the Columbia Basin."  Finally, Section 204(b) of the Program urges conservation of genetic diversity.  This will only occur if wild stocks are preserved.   Section 5.9A.1 of the 1994 Fish and Wildlife Program states that field monitoring of smolt movement will be used to determine the best timing for water storage releases and Section 5.8A.8 states that continued research is needed on survival of juvenile wild fish before they reach the first dam with special attention to water quantity, quality, and several other factors.  Clearly, important migratory characteristics of wild fish (e.g., run timing) should continue to be considered.  To this end, marking wild/natural parr with PIT tags in their natal streams during the summer of their first year of life provides the opportunity to precisely track these stocks through traps and the FCRPS during their smolt migrations the following spring.


More recently, in the 2000 FCRPS Biological Opinion, Appendix H Research Action 1193 calls for “…research to produce information on the migrational characteristics of Columbia and Snake River basin salmon and steelhead.” The smolt monitoring program produces information on the migrational characteristics of the various salmon and steelhead stocks…and provides management information for implementing flow and spill measures designed to improve passage conditions in the mainstem lower Snake and Columbia Rivers.” The research is necessary to satisfy elements of the Reasonable and Prudent Alternative described in Sections 9.6.1 and 9.6.5.3.1. In Section 9.6.2.1, Research Actions 149, 150, 151, and 152, address research needs for tributary habitat. In addition to our ongoing wild fish monitoring study, environmental monitoring of water quality and quantity are stated needs in tributary (natal) streams. These Actions, state that this type of information is needed for management, protection, and improvement of both riparian and upland habitat conditions. The Actions encourages cooperation between the agencies by sharing water quality and biological monitoring information, project reports and data from existing programs, and subbasin or watershed assessment products. All of our reports and additional detailed water quality information are posted on Web sites. Section 9.6.5.3.3, emphasizes the importance of monitoring and evaluation studies to measure the effectiveness of certain habitat actions in natal rearing areas.  This Section also emphasizes the importance of baseline information to detect improvements over a range of life history patterns, both in upstream and downstream rearing areas. Section 9.6.5.3.5.1, (Action 188) points out the need to compare outmigration timing, health, and condition of PIT-tagged wild fish from systems such as the John Day River with PIT-tagged wild fish from the Snake River in ongoing studies to enable comparisons between the two groups in assessment of similarities and differences. 


The Salmon Subbasin Summary, (May 25, 2001, page 35), Section 4.1.1.a, under Spring/summer Chinook Salmon, specifically points out the importance of project 199102800 along with other related projects in the region. It states: “Recent and ongoing research has provided managers with more specific knowledge of the Salmon Subbasin stocks. Intensive monitoring of summer parr and juvenile emigrants from nursery streams has provided insights into freshwater rearing and migration behavior (Walters et al. 2001; Achord et al. 2000; Hansen and Lockhart 2001; Nelson and Vogel 2001 )”. In Section 5.4.2 number 8, page 191 (Statement of Fish and Wildlife Needs), it states “Continue coordinated temperature monitoring throughout the subbasin. Identify spatial and temporal gaps, establish additional flow and temperature gauging stations and upgrade existing to provide real-time data, and expand longitudinal profiles….”  Our water quality environmental monitoring systems (most located near juvenile migrant fish traps) that record hourly readings of six water quality parameters in natal rearing areas of streams, addresses this stated need.  Under section 5.4.2 number 1 on page 193, “Gather improved population status information for wild, natural, and hatchery chinook salmon including life history characteristics, juvenile and adult migration patterns, juvenile rearing areas, adult holding areas, survival factors, smolt-to-adult survival,….” This need is obviously directly related to our wild stock monitoring study.


Numerous fish and wildlife documents have pointed out the need to characterize and monitor the migrational behavior of juvenile wild fish stocks in the Snake River basin. Our overall objective to characterize juvenile migrational behavior of wild chinook salmon stocks can best be illustrated by how the University of Washington’s DART program uses our wild fish detection data. Their program uses all the historical detection data for a stock to predict migration behavior within season in real-time. As more environmental and climate data is collected, analyzed, and incorporated into regional databases, managers will be able to more accurately predict the migrational behavior and survival for each stock during their parr-to-smolt life stage.  

d. Relationship to other projects 

The Idaho Fish and Game (IDFG) project 8909800 uses timing information generated by 199102800 from several wild stocks for background information on continued supplementation studies, and project 9107300 is an intense study in the upper Salmon River on production, etc., in adjacent streams involved in 199102800. Supplementation studies by the Nez Perce Tribe (NPT) (8909802), the Shoshone-Bannock Tribe (SBT) (8909803), and IDFG (8909800) monitor wild fish movements in Lake Creek, the Secesh River, Johnson Creek, the South Fork Salmon River, Marsh Creek, the West Yankee Fork Salmon River, the East Fork Salmon River, and the upper Salmon River by juvenile migrant fish traps. Many of these streams are project 199102800- monitored streams and we work closely with each agency on summer tagging schedule coordination, data exchange, and environmental monitoring in conjunction with several traps. With the historical and future data from detections of summer-tagged parr at traps, parr/smolts tagged at traps, and subsequent detections of these different groups at downstream dams, we are, and will be, determining estimated survival differences and examining timing and survival differences related to parr-to-smolt growth rates, size of  parr at tagging, and groups of fish within populations that exhibit different life history migrational strategies. Cooperatively, we hope to be able to map detailed movements and survival of these wild fish from parr-to-smolt in several different streams and possibly relate environmental conditions within the streams where the wild parr reside to subsequent movements of these fish. 

Together, these studies mesh to address several specific important areas of research in natal rearing areas. In addition to other objectives, the Supplementation Studies by the IDFG, NPT, and SBT produce annual estimates of juvenile salmon escapement and trends, produce estimates of production, emigrant survival and behavior, and collect other important biological data on the wild fish stocks. Our wild fish study (199102800) produces the most representative survival and migration timing information for the stocks at downstream dams and thus complements the other studies. The study also monitors important water quantity and quality information in natal rearing areas that is useful for all the studies. 

A good example of a specific use of our environmental monitoring data occurs on the Secesh River near the adult video weir and juvenile migrant fish trap. Annually, we furnish hourly water temperature data collected by this monitor to the NPT, so they can compare adult chinook salmon movements at the weir with hourly water temperatures.  

Other projects that have relied on project 199102800 to help collect needed sample fish, are the genetics monitoring and evaluation program (8909600), and the utilization of nutrients from spawning salmon by juvenile chinook and steelhead study (9904100). We also PIT tag incidentally-collected wild steelhead parr for IDFG project 900550. Study 199102800 will also be involved with collection of biological data for a new nutrient study in the Salmon River Subbasin scheduled to begin in 2001. This study will be a hybrid of BPA Innovative Projects 22002 and 22047.

Ongoing BPA studies in the development of PIT-tagging systems (project 830319) are very important to our wild fish study. In future years, flat-plate detection units placed in small streams will prove extremely useful for monitoring survival and behavior of wild fish as they emigrate from natal rearing areas to the first dam. We will then be able to tag all collected parr in late summer. In most streams, 95-100% of the summer-collected salmon parr are larger than 54 mm and can be tagged in most years. However, a high percentage (up to 60%) of salmon parr in 1 to 3 streams are smaller than 55 mm each year and therefore are untaggable.  Also, within 2 years, we anticipate the development of smaller PIT-tags that will allow tagging of fish as small as 40mm. This important new development has obvious implications in improving wild fish stock monitoring.

e. Project history (for ongoing projects) 


The National Marine Fisheries Service began a pilot study to PIT tag wild/natural spring/summer chinook salmon parr for transportation research in summer 1988.  Outmigrating smolts from this marking effort were detected at Lower Granite, Little Goose, and McNary Dams in spring 1989 (Matthews et al. 1990).  Preliminary information from this initial effort showed that various wild stocks exhibited very different run timing from each other as well as from hatchery stocks.  These run-timing differences appeared typical for most streams for the first year's marking and recovery effort.  It should be pointed out that environmental conditions were unusual and rather severe for these groups of fish.  The wild fish had endured back-to-back drought years followed by a severe winter and late, cold spring. 


The project continued as a transportation research pilot study for 2 additional years (Achord et al. 1992; Matthews et al. 1992).  Thereafter, we determined the technique was not currently practical for use in transportation research due to low population abundance and the high numbers of wild fish required to provide statistically credible results.  However, the study continued to provide useful and interesting wild smolt timing information.  For example, during the second year, we again found the outmigration timing of wild stocks was much more protracted than for their hatchery counterparts and that wild smolts from summer chinook salmon streams outmigrated much earlier than those from spring chinook salmon streams.  Overall, however, the wild smolt outmigrations were much earlier than during the first year, coincidental with a much warmer, late winter and early spring period.  During the third year, we found little variability in the timing of hatchery stocks from the previous 2 years, even though environmental conditions differed considerably.  Wild stocks, on the other hand, outmigrated much later than during the first 2 years of study, even though flows were similarly low during all 3 years.  This final year of study was characterized by a cold, late winter and early spring.  


With the Endangered Species Act listings of wild Snake River chinook salmon stocks, the continuation of this work became critical for proper in-season water management, particularly since river flows alone were a poor predictor of wild smolt migrational timing.  In addition, more data, including annual environmental information was required before we could determine with precision which factors were exerting primary control over wild smolt migrational timing.  Therefore, the study was continued as a long-term, wild-smolt migrational timing study cooperatively funded by NMFS and BPA since 1991.  


The present study began with the 1992 migration of wild smolts (Achord et al. 1994).  Warm weather and high water temperatures in late winter and spring appeared to elicit an early migration timing of all wild smolts in 1992.  The migration timing of wild spring chinook salmon smolts was earlier in 1992 than in the previous 3 years.  Also, most wild summer chinook salmon smolts migrated earlier than wild spring chinook salmon smolts.  However, as was observed during previous years, wild stocks exhibited protracted and variable timing at Lower Granite Dam.

           In 1993, cold weather and low water temperatures from late winter to early summer appeared to elicit a late migration timing; however, high flows during the third week of May moved a large portion of wild spring/summer chinook salmon through the dams (Achord et al. 1995a).  As observed in previous years, wild stocks exhibited variable migration timing at Lower Granite Dam; however, the middle 80% passage time of wild fish stocks at the dam was more compressed in 1993 than in earlier years.

           In 1994, migration timing of wild spring/summer chinook salmon smolts at Lower Granite Dam was similar to timing in 1990, and 1992, with peak passage in all 3 years occurring in April; however, peak detections of fish from individual streams in 1994 occurred from late April to late May (Achord et al. 1995b).  As observed in 1990 and 1992, 1994 was also warm during late winter and spring.

           Before 1995, we observed a 2-week shift in timing of wild fish at Lower Granite Dam between relatively warm and relatively cold years.  In the cold years of 1989, 1991, and 1993, 50% of all wild fish passed the dam by mid-May, while 90% passed by mid-June (except in 1993, when high flows moved 90% through the dam by the end of May).  In the warm years of 1990, 1992, and 1994, 50% of all wild fish passed this dam from 29 April to 4 May, and 90% passed by the end of May.  In 1995, we experienced intermediate weather conditions in late winter and early spring (compared to the previous 6 years) and observed intermediate passage timing at the dam, with 50 and 90% passage occurring on 9 May and 5 June, respectively (Achord et al. 1996a).  Sustained high flows from mid-May to early June in that year moved the later half of the wild fish migration through the dam at a more uniform rate than in previous years, and over 90% passed by the time peak flows occurred at the dam on 6 June.

            Due to extremely low adult spawning escapements in summers 1994, 1995, and 1996 parr abundance was at low levels in summers 1995, 1996, and 1997, with the exception of streams in the South Fork of the Salmon River.  As a result, the IDFG  requested that we greatly reduce any potentially negative handling impacts in summers 1995, 1996, and 1997 by restricting PIT tagging of wild parr to only a few streams. 

            In 1996 and 1997, as observed in all previous migration years from 1989 to 1995, peak detections of wild spring/summer chinook salmon smolts at Lower Granite Dam were highly variable and generally independent of river flows before 9 May; however, in all years, peak detections of wild fish coincide with peak flow at the dam from 9 May to the end of May.  In both 1995 and 1996, well over 90% of the wild fish had migrated passed Lower Granite Dam by the time peak flows occurred in June.  In 1997, high river flows from mid-April to mid-May moved most wild fish through the dam (Achord et al. 1998).  In 1989, we observed a period of peak detections of wild fish that coincided with peak flows at the dam in June (Achord et al. 1996b).  These data suggests that water reserved for fish during the outmigration may benefit more wild spring/summer chinook salmon smolts if it is initiated around 9 May in most years and may be especially important in drought years.

            In 1996 and 1997, 50 and 90% passage dates of wild stocks combined (Idaho and Oregon streams) at Lower Granite Dam occurred on 3 and 22 May and 24 April and 21 May, respectively (Achord et al. 1997, 1998).  However, unlike previous years, few wild fish were marked as parr in 1995 and 1996 from Idaho streams; therefore, the 1996 and 1997 detections at the dam were composed of 91% and 73.5% fish from Oregon streams, respectively.  Therefore, we caution against comparing overall migration timing in 1996 and 1997 to previous years, since in all previous years less than 50% were from Oregon streams.


In 1998, we observed a warm late winter and spring period and the overall wild fish timing at Lower Granite Dam was similar to 1992 with the 50 and 90% passing by 

1 and 25 May, respectively (Achord et al. 2000).  Beginning in 1998, statistical methods were developed to estimate parr-to-smolt survival of wild fish stocks to Lower Granite Dam and were used as a basis to determine stock timings (Sandford and Smith, in press).  The overall estimated parr-to-smolt survival for the combined stocks averaged 25.7% (range 18.6-47.6% depending on stream of origin). 


In 1999, we observed different climatic conditions than in all previous migration years. In late winter, a near-record snow pack in the Snake River basin resulted in high flows during early spring in March.  However, the ensuing flows were moderated by very dry and cold conditions during the remaining spring and early summer period.  The fluctuating medium to high flows throughout the spring moved the wild fish through Lower Granite Dam as observed in warmer years, with 50% passing by 3 May and 90% passing by 30 May (Achord et al. 2001a).  The overall average estimated parr-to-smolt survival to the dam for the combined stocks averaged 20.5% (range 11.1-46.7% depending on stream of origin).


In 2000, we experienced a slightly below normal flow year with the highest flows occurring in April at Lower Granite Dam, along with more seasonal temperatures and climatic conditions throughout the spring.  Consequently, we observed a wild fish migration pattern similar to a warmer year, with 50% passing the dam by 6 May and 90% passing by 29 May (Achord et al. 2001b).  The overall average estimated parr-to-smolt survival to the dam for the combined stocks averaged 17.1% (range 11.3-35.5% depending on stream of origin).  Timing patterns for individual and groups of stocks have ranged from early to late spring. Annual climatic conditions appear directly related to the 2- to 3-week (average) passage-distribution shifts in timing of combined populations of wild fish over the years.


Since our initial wild fish tagging study began in 1988, we have continually improved collection and tagging methods to reduce mortality. Over these 13 years, overall mortality from collection and tagging averaged 1.5% (annual ranges 0.5 to 2.6%). Overall mortality from collection over the years averaged 1.2% and overall mortality related to tagging (up to 24-hours) averaged 0.3%. The overall mortality from electrofishing averaged 1.8%, until 2000, when mortality was only 0.5%. The reduced mortality in 2000 was likely from improved electrofishers and other collection techniques, and the addition of oxygen in transport containers. The overall mortality from collection by seining has averaged 0.2% over the years. Tag loss has been virtually non-existent at less than 0.02% (no tags have been lost in about 10 years).


Preliminary estimates of parr-to-smolt survival for the combined populations of wild Snake River spring/summer chinook salmon to Lower Granite Dam have been completed for the smolt migrations of 1993, 1994, 1995, 1996, and 1997. They averaged 17.3, 21.6, 14.8, 20.9, and 20.5%, respectively, for the aforementioned years.

In addition to the important information gained through this study that supplies inseason information for FCRPS management decisions, it appears that overall annual climatic variation is emerging as an important factor controlling the overall migrational timing of wild spring/summer chinook salmon smolts at Lower Granite Dam.  Environmental monitoring in streams and climate monitoring is continuing and relationships to parr and smolt movement will be developed in the future.


More detailed information and results from project 199102800 can be found in the following list of reports that are on the BPA Fish and Wildlife Web Site:  http://www.efw.bpa.gov/cgi-bin/FW/publications.cgi.

Annual Report 1992 DE-AI79-91BP18800-1 September, 1994

Annual Report 1993 DE-AI79-91BP18800-2 January, 1995

Annual Report 1994 DE-AI79-91BP18800-3 September, 1995

Annual Report 1995 DE-AI79-91BP18800-4 September, 1996

Annual Report 1996 DE-AI79-91BP18800-5 July, 1997

Annual Report 1997 DE-AI79-91BP18800-6 May, 1998

Annual Report 1998 DE-AI79-91BP18800-7 December, 2000

Annual Report 1999 99-AI-19164-1 June, 2001

Annual Report 2000 99-AI-19164-2 (anticipated) July, 2001 

Publications associated with project 199102800:

Achord, S., G. M. Matthews, O. W. Johnson, and D. M. Marsh.  1996.  Use of passive integrated transponder (PIT) tags to monitor migration timing of Snake River Chinook salmon smolts.  N. Amer. J. Fish. Manage.  16:302-313, 1996.

Achord, S., M. B. Eppard, G. A. Axel, E. E. Hockersmith, B. P. Sandford, and G. M. Matthews.  2000.  Monitoring the migrations of wild Snake River Spring/summer Chinook salmon smolts in the Columbia River Basin, USA.  International Congress on the Biology of Fish, Symposium Proceedings on Fish Migration and Passage, University of Aberdeen, Scotland, July 23-27, 2000.

Document internet address:  http://www-heb.pac.dfo-mpo.gc.ca/congress/pub.htm



Project 199102800 started June 1, 1991 and continues to present; approximately $2,263,200 has been spent over the years and has produced 9 annual reports, numerous progress reports, and 2 publications.

In addition to the BPA contract, continuation of this project depends on issuance of annual ESA Permits from NMFS and the USFWS, and a Collectors Permit from the State of Idaho. The IDFG may further reduce numbers that can be collected in streams, depending upon observed or anticipated salmon parr numbers in the natal rearing areas.

f. Proposal objectives, tasks and methods
Objectives:

1.  Assess the migrational characteristics of wild Snake River spring/summer                            chinook salmon smolts at Lower Granite Dam.
Task 1a.


Mark with PIT tags wild spring/summer chinook salmon parr in selected streams above Lower Granite Dam in Idaho during summers of 1991-200(4?).


We propose marking a maximum of 39,000 wild spring/summer chinook salmon parr annually in selected streams in Idaho.  Fish marked by the IDFG, NPT, and Oregon Department of Fish and Wildlife for parr/smolt survival and other studies in the upper Salmon, Clearwater, Grande Ronde, and Imnaha Rivers will be additional to these marking efforts.


Wild spring/summer chinook salmon parr will be collected in 17 streams in the Salmon River drainage of Idaho (see Section 1 of Part 1) in July and August of each year. The minimum number of wild fish PIT-tagged per stream will be about 1,000 and the maximum will be 3,000. These numbers produce between 30-600 smolts detected at Lower Granite Dam for survival estimates and timing purposes. The fish are collected using backpack electrofishers, seines, and minnow traps. All special precautions will be used during electrofishing and all personnel are highly trained. Spotters walk ahead of the collection crews to locate adult fish and redds that might be in the areas. When adults and/or redds are spotted, the collection crews leave the stream and give such areas a wide berth.  Collected parr are held in oxygenated containers until 30-50 are collected, then they are transported in an oxygenated carboy container to the PIT-tag station where they are held in a live cage until tagging.


 Portable PIT-tagging stations are used for tagging fish and are designed specifically for use beside streams in the field. Station components, setup, and PIT-tagging techniques have been described by Prentice et al. 1990a and 1990b. Fish are dipped from live cages with sanctuary dip nets and poured into plastic pans containing anesthetic and supplied with oxygen. After anesthetization, parr greater than 54 mm in fork length are PIT tagged. Fish initially recover in an oxygenated container and then recover completely in a live cage for a minimum of 0.5 hours before release into the stream at the same general location where they were collected. About 10% are held in live cages for 24-h for delayed mortality and tag loss information. All collection and tagging activities are terminated if the stream water temperature reaches 16 degrees C. Surviving PIT-tagged fish are subsequently detected at downstream traps and dams as parr/smolts, during the following fall and spring/summer.

Below is a list of evaluation methodologies and statistical analyses used in our annual reports related to collection and tagging.

1) Length distributions (at tagging) vs. length distributions for detected fish (at  tagging)—Chi-square.

2) Mean length at tagging vs. mean length of detected fish (at tagging), overall and during segments of the migrations—one and two-sample Z-tests. 

3) Comparison of detection rates at dams for fish PIT tagged and released under different water temperature scenarios—two-sample Z-tests. 

4) Comparison of detection rates at the dams for fish collected the previous year using electrofishing and seining—two-sample Z-tests. 

5) Comparison of growth rates for summer-tagged fish recaptured at stream traps from late summer to the following spring--direct comparison between streams (ranges and averages).

Task 1b.


In spring and summers of 1992-200(5?), intercept and automatically decode previously PIT-tagged smolts at Lower Granite Dam.


 Smolts will be detected as they pass through the collection system at Lower Granite Dam.  Codes are automatically entered into the PIT-tag database in Portland, Oregon. This public information is accessed on a daily bases, during the smolt migration, by several fisheries management entities in the region. It is then used in real-time for guidance during decisions on FCRPS operations. 

2. Determine migration timing and survival differences between and within years for individual and combined wild stocks at Lower Granite Dam.

Task 2a.

Analyze all collected data and provide quarterly and annual reports.  Present information annually at professional meetings.

In addition to annual reports, progress reports, and publications that have been generated by this study; the University of Washington’s DART program analyzes historical wild stock timing and uses the information to predict real-time movement of stocks within season. Since the 1998 annual report, our study has used survival estimates (from estimated detection probabilities) at Lower Granite Dam to determine stock timing. We have used this method to retrospectively determine estimated survival from parr-to-smolt each year since 1993. Obviously, Objective 2 directly addresses the needs outlined in the Salmon Subbasin Plan stated in previous Section 9c.

Below is a list of evaluation methodologies and statistical analyses used for migration timing and estimated survival in our annual reports.

1) Diel timing at dam juvenile fish facilities—Chi-square.

2) Comparison of arrival timing distributions for fish from individual streams (within year) at Lower Granite Dam—Student-Newmann-Keuls multiple comparison method.

3) Migration timing for individual and combined wild populations at Lower Granite Dam from1993 to1997 was analyzed based on first-time detection numbers expanded relative to the proportion of daily spill (Achord et al. 1995a,b; 1996a, 1997,1998).

4) Migration timing for individual and combined wild populations at Lower Granite Dam from 1998 to present was analyzed based on daily detection numbers expanded relative to estimated daily detection probabilities using methods of Sandford and Smith (in press). 

5) Migration timing analyses for individual stocks over several years at Lower Granite Dam to determine similarities or differences (Achord et al. 2001b) were made using a two-factor Analysis of Variance (ANOVA), and treatment means were compared with Fisher’s Least Significant Difference procedure (Peterson 1985). 

6) Comparison of detection rates at the dams for known fall outmigrants through traps compared to detection rates for the overall summer-tagged population in the same streams—two-sample comparison analysis.

3. Determine relationships between environmental factors where wild parr reside and subsequent movements of parr/smolts through downstream traps and dams.

Task 3a. 


Perform maintenance on environmental monitors and upload environmental data every four months.


Another goal of this study is to identify relationships between environmental factors where wild parr reside and subsequent parr/smolt migrational behavior at downstream traps and dams.  Since 1993, we have worked with Pacific Northwest National Laboratories (PNNL) to obtain the environmental data.  In 1997, we began to gather the environmental data independent of PNNL.


The environmental monitors are YSI Water Quality Systems (Y-6000 Environmental Monitoring Systems).  They are anchored to the streams’ substrates by various means.  The monitors automatically record hourly measurements of dissolved oxygen, temperature, specific conductance, pH, turbidity, and water depth--which can be converted to discharge. The monitors require data downloading and maintenance every 4 months and possible upgrades occasionally.  The environmental data can be accessed on our web site at: http://bemdata.nwfsc.noaa.gov/baseline/intro.html . We will continue to provide these services. 


Currently, we have five environmental monitoring sites. The monitors are located in the streams near the Secesh River juvenile migrant trap, the South Fork Salmon River trap by Knox Bridge, the Marsh Creek trap, the Sawtooth Hatchery intake/trap, and the Valley Creek U. S. Geological Survey site. As more juvenile migrant fish traps are installed in study streams, we hope to expand environmental monitoring. 

Task 3b.


Acquire data on wild juvenile chinook salmon movements out of natal rearing areas through stream traps that are located next to environmental monitors.

In addition to detection data on the summer-tagged chinook salmon parr at juvenile migrant traps near natal rearing areas, additional daily movements of all juvenile chinook salmon at the traps are needed. This combined information along with the environmental data collected by the monitors is crucial for determining overall movement of the juvenile fish out of the streams versus several different water quality parameters (and ultimately weather/climate data). Since our 1998 annual report, we have included graphical data representing juvenile daily passage at the traps compared to each of the six different water quality parameters. 


It is very important to maintain a cooperative spirit in data exchange between this study and other BPA-funded studies in the study streams. The IDFG and NPT are the agencies involved with reciprocal data exchange with this part of the study.  

4. Determine the influence of seasonal climatic conditions and environmental factors within streams on wild chinook salmon parr/smolt movements out of natal rearing areas and to Lower Granite Dam.

Task 4a.


Analyze all collected data and provide quarterly reports, annual reports, and appropriate publications. Present information annually at professional meetings.


The ultimate goal, (with enough accumulated data on water quality and quantity, weather, climate, and fish movement) is to provide accurate predictions on each stock’s parr-to-smolt survival and timings of movements from natal rearing areas to the first dam. The large historical data sets with current year-class biological data and a projected set of environmental conditions will serve to continually perfect our predictive capabilities. Such comparisons and data analyses will be conducted in the future as more information is collected and analyzed. This information will be used for improved protection and recovery of wild fish stocks. 

HYPOTHESES AND ASSUMPTIONS

Overall Objective—To characterize the migration timing of wild Snake River spring/summer chinook salmon smolts at Lower Granite Dam over a period of years.

Null Hypothesis (Ho):  Run-time distributions at Lower Granite Dam are not significantly different within years among yearling wild smolt populations in the Snake River drainage.

Corollary:  If the null hypothesis is rejected, it is highly likely that run-timing to Lower Granite Dam is different among wild populations within years in the Snake River and that these differences may be influenced by factors such as temperature, flow, other environmental conditions, or genetics.

Criteria for Rejecting Ho: The null hypothesis will be rejected if run-timing is significantly different among populations by re-sampling methods (Efron 1982).  Significance will be set at (P<0.05). 

Null Hypothesis (Ho):  Run-time distributions for fish from individual streams or tributaries at Lower Granite Dam are not significantly different among years.

Corollary:  If the null hypothesis is rejected, it is highly likely that run-timing of fish from individual streams or tributaries is different among years and that these differences may be influenced by other factors such as temperature or flow.

Criteria for Rejecting Ho:  The null hypothesis will be rejected if run-timing of fish from individual streams or tributaries is different among years by re-sampling methods.  Significance will be set at (P<0.05).

g. Facilities and equipment

No special facilities are needed for this project. Existing equipment used on the project include field vehicles, electrofishers, seines, generators, tagging stations (including all electronic components), live cages, and other miscellaneous gear.
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