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a. Abstract 

The goal of this project is to investigate the critical habitat, abundance, migration patterns, survival, and alternate life history strategies exhibited by spring chinook salmon and summer steelhead juveniles from distinct populations in the Grande Ronde and Imnaha River subbasins.  Our methods include collecting juveniles with migrant traps and passive seining techniques, and marking with PIT tags for migration timing and estimating survival indices.  The project will provide information on abundance of spring chinook and steelhead parr and estimates for egg-to-parr and parr-to-smolt survival for spring chinook salmon and parr-to-smolt survival for steelhead. This study provides a means for long term monitoring of juvenile salmonid production in the Grande Ronde  and Imnaha River subbasins that is essential for assessing the success of restoration and enhancement efforts including habitat improvement and hatchery supplementation.  As hatchery supplementation of spring chinook salmon continues in the Grande Ronde subbasin, we will monitor abundance of migrants and survival to various life stages to determine the effectiveness of this management action.  An additional objective to monitor habitat, juvenile salmonid populations, and steelhead spawners using methods employed by the Oregon Plan for Salmon and Watersheds Monitoring Program (Nicholas 1997a, 1997b, and 1999) will be extended to Oregon’s portion of the Blue Mountain Province (Grande Ronde and Imnaha Subbasins).  This approach, successfully implemented in Oregon’s coastal watersheds, applies a rigorous, Tier-2 sampling design to answer key monitoring questions, provides integration of sampling efforts, and will improve coordination among state, federal, and tribal governments, and local watershed groups.
b. Technical and/or scientific background

The populations of spring chinook salmon and summer steelhead in the Grande Ronde subbasin are substantially depressed below estimates of historic levels.  For example, it is estimated that prior to the construction of the Columbia and Snake River dams, more than 20,000 adult spring chinook salmon returned to spawn in the Grande Ronde River (ODFW et al.1990).  A spawning escapement of 12,200 salmon was estimated for the Grande Ronde in 1957 (USACE 1975).  Recent population estimates of both species have been variable year to year, yet remain a degree of magnitude lower than historic estimates, with a  range of 189 to 1,757 spring chinook salmon from 1977 through 2000 (Nowak 2001). 

Numerous factors are thought to contribute to the decline of salmonids in the Snake River and its tributaries.  These factors include passage problems and increased mortality of juvenile and adult migrants at mainstem Columbia and Snake river dams (CBFWA 1991; NPPC 1992), overharvest, and habitat degradation associated with timber, agricultural and developmental practices (Ashe et al. 2000). Habitat problems throughout the Grande Ronde River subbasin include poor water quality associated with high sedimentation and high temperatures (ODEQ 2000), moderately to severely degraded habitat, and a decline in abundance of large pool habitat (McIntosh et al. 1994).

Precipitous declines in Snake River spring chinook salmon and summer steelhead resulted in these stocks, including the Grande Ronde River stocks, being listed as threatened under the Endangered Species Act. Proposed recovery efforts for these salmonid stocks require knowledge of stock specific life history strategies and critical habitats for spawning, rearing, and downstream migration (Snake River Recovery Team 1993; NWPPC 1992).  At the time of listing of spring chinook salmon in 1992, there was little information available on their early life history and critical rearing habitats in the Grande Ronde River subbasin.  This project was initiated to obtain information on juvenile spring chinook salmon migration patterns, smolt production and survival, the importance of alternate life history strategies, and rearing habitat utilization for juvenile spring chinook salmon in the Grande Ronde subbasin.  In October 1999 objectives for the recently listed summer steelhead in the Grande Ronde subbasin were added to the project.  We have estimated smolt production and survival of upper Grande Ronde River, Catherine Creek, and Lostine River stocks of spring chinook salmon and are beginning to collect similar information for summer steelhead from these same areas.

Current restoration efforts for spring chinook salmon in the subbasin include the Grande Ronde Endemic Supplementation  Program (GRESP).  The GRESP has captive broodstock and conventional supplementation components.  Collections of spring chinook salmon parr began in 1995 for the captive broodstock component of the program, and collection of adults for the conventional component began in 1997.  The first releases of smolts from this program were in spring 2000 in the Lostine and upper Grande Ronde rivers and Catherine Creek.  Migration timing information from this Salmonid Life History project was used to identify release dates for these stocks to mimic the timing of the naturally-produced smolts.  Knowledge of wild fish survival, migration timing, and growth rates obtained in this project is critical as a baseline comparison for evaluating the success of this hatchery supplementation program. 

Habitat restoration is another component of the effort to restore anadromous salmonid populations in the Grande Ronde subbasin.  Some habitat restoration efforts are funded by Bonneville to the contracting agencies, such as Project 198402500 (Protect and enhance anadromous fish habitat in Grande Ronde Basin streams, ODFW) and Project 199608300 (Grande Ronde Basin watershed restoration, CTUIR), while other habitat projects are coordinated and funded through the Grande Ronde Model Watershed Program (GRMWP).  The GRWMP was selected by the Northwest Power Planning Council to be the coordinating entity for watershed and habitat restoration in 1992.  The GRMWP has facilitated the implementation of nearly 300 restoration projects (Nowak 2001).  Our proposed Objective 12 will monitor the overall success of  these many habitat projects in the subbasin.

Degraded riparian and in-stream habitat has affected salmonid production potential in the Grande Ronde subbasin (Nowak 2001).  Holding capacity and habitat selection by spring chinook salmon changes from summer to winter (Bjornn 1971 and 1978), and influences the migration strategy exhibited by spring chinook salmon.  The shift from actively feeding in summer to a less active winter concealment tactic in winter marks a change in rearing strategy (Rimmer et al. 1983; Hillman et al. 1987; Riehle and Griffith 1993).  The Salmonid Early Life History project has documented the habitat use and preference of Grande Ronde subbasin spring chinook salmon populations in past work, but have not tested the dynamics of function as it relates to habitat availability, cues for fall migration, and essential winter habitat requirements in upper rearing areas.  Objective 11 will characterize how present habitat health and function influence Grande Ronde subbasin juvenile spring chinook salmon populations during critical early life stages, and suggest ways to enhance production potential. 

c. Rationale and significance to Regional Programs

The program described in this proposal is consistent with and supports the monitoring needs specified by the NWPPC’s 2000 Fish and Wildlife Program and Subbasin Summaries, NMFS 2000 FCRPS Biological Opinion, and the Oregon Plan for Salmon and Watersheds.  The Fish and Wildlife Program (Chapter 9) calls for monitoring and evaluation of biological and environmental conditions at the scale of provinces and subbasins.  The two subbasin summaries this proposal addresses (Grande Ronde and Imnaha) call for the coordination and integration of monitoring efforts and increased monitoring of the status trends in anadromous and resident fish populations and habitats, in their respective “Fish and Wildlife Needs” sections.  The proposed monitoring program will provide a framework for improved coordination and integration of monitoring efforts.  ODFW will monitor and evaluate the status and trends in fish populations (abundance and distribution) and habitat (quantity and quality) at the Province (Oregon Portion) and Subbasin scales.  The purpose of the monitoring and evaluation program is to assure that the effects of actions taken under subbasin plans are measured, that these measurements are analyzed so that we have better knowledge of the effects of the action, and that this improved knowledge is used to choose future actions.

This proposal addresses several action items under the NMFS 2000 FCRPS Biological Opinion.  Under Section 9.6.5 Research, Monitoring, and Evaluation Plan, the RPA requires that a comprehensive monitoring and evaluation program be developed to determine the effectiveness of the suite of actions called for under the RPA.  The RPA proposes that  research, monitoring, and evaluation must address five areas:  population status monitoring, environmental status monitoring, effectiveness monitoring, quality of regional databases, and compliance monitoring.  The monitoring program described in this proposal will address population status monitoring and the habitat component of environmental status monitoring. Action 180 (Population Status and Environmental Status Monitoring) is fundamentally supported by the proposed monitoring program.  This monitoring program contains the essential elements of Tier 2 monitoring.  Action 184 (Hatchery Effectiveness Monitoring) is supported by the proposed monitoring program by estimating the abundance and survival of spring chinook salmon in the supplemented populations (upper Grande Ronde River, Catherine Creek, and Lostine River).  Information derived from this project will quantify the current status and future trends in fish populations and their associated habitats in the Grande Ronde subbasin.  With some minor modifications, the proposed monitoring program could provide the sampling required under Action 182 (Reproductive Success of Naturally Spawning Hatchery Fish).  ODFW will work with the other agencies in the development and implementation of this RPA.  The proposed project PIT-tags spring chinook salmon and steelhead that could be used to assist with the efforts of Juvenile Monitoring and Evaluation Action 185.

This proposed work is consistent with the monitoring needs for aquatic habitat, summer steelhead, and chinook salmon specified in the Grande Ronde Subbasin Summary (Nowak 2001) including: 

1)
Need to characterize rearing and spawning habitats and monitor changes in amount and distribution, 

2)
Need to evaluate the improvements to adult and juvenile habitat capacity to evaluate success of fish habitat projects, 

3)
Continue and expand efforts to quantify juvenile abundance and smolt-to-adult return rates (SAR) of wild/natural and hatchery reared steelhead, 

4)
Use improved statistical sampling techniques to ensure current steelhead spawning ground surveys are an appropriate measure of productivity, and using these techniques, reassess steelhead escapement and spawner/recruitment goals, 

5)
Need to determine life history and movement patterns of steelhead including assessment of adult holding areas, juvenile rearing areas, and juvenile migration patterns, 

6)
Need to determine smolt-to-adult survival and survival factors throughout the entire life cycle of summer steelhead, including separating freshwater from ocean survival, 

7)
Need to determine extent of summer steelhead distribution within the subbasin at various life history stages, 

8)
Need to determine smolt-to-adult survival, survival factors, spawning escapement and life history characteristics of natural and hatchery origin spawning populations of spring chinook salmon, 

9)
Need to monitor smolt and adult survival and migration characteristics of spring chinook salmon and calculate number of returns per spawner to determine if productivity of natural and hatchery populations is affected  by modifications of dams on Columbia and Snake rivers, 

10)
Need to determine life history and movement patterns of spring chinook salmon within the Grande Ronde subbasin, including assessment of adult holding areas, juvenile rearing areas, and juvenile migration patterns, 

11)
Need to evaluate the success of Captive and Conventional broodstock programs for restoring fisheries and increasing endemic stocks of spring chinook salmon in Catherine Creek, Lostine River and upper Grande Ronde River by using continued spawning ground surveys, life history monitoring, fisheries monitoring and other techniques, and 

12) Need to determine seasonal and reach specific survival of spring chinook salmon smolts in the subbasin.

Under the Oregon Plan (Coastal Salmon Restoration Initiative, Steelhead Supplement, Executive Order No. EO 99-01) monitoring is one of the four essential elements to implement the plan.  This project proposal for the Blue Mountain Province is consistent and complimentary to the program ODFW has implemented in coastal watersheds.  This proposal also supports the implementation of the Oregon Plan statewide for all salmonids at-risk throughout the state.  

d. Relationships to other projects 

This Salmonid Life History study cooperates with numerous ongoing projects both within the Grande Ronde subbasin and in the Columbia River region. Information collected by our project has been and continues to be utilized by other projects including but not limited to the several spring chinook artificial production projects in the Grande Ronde subbasin conducted by ODFW, CTUIR and NPT.  This data integration eliminates potential duplication of efforts, increases the efficiency of project operation, and enhances the data base of these other projects.  The Salmonid Life History study also provides the opportunity to monitor changes in tributary smolt production and survival of wild smolts to Lower Granite Dam over time, thereby providing information for evaluating the Grande Ronde Basin spring chinook salmon supplementation programs, and other ‘on the ground’ restoration and enhancement activities.  The Salmonid Life History study has been approved by and is supported locally as an integral part of the Grande Ronde Model Watershed Program.

Three independent studies are ongoing in the Grande Ronde subbasin that provide a means for collaboration with the proposed Salmonid Life History Study.  Collaboration will occur with a spring chinook spawning ground survey project conducted under the Lower Snake River Compensation Plan.  The spawning ground survey project is an ongoing study to monitor escapement to the Grande Ronde and Imnaha rivers.  This spawning ground survey project will share redd count data and estimates of total escapement to the upper Grande Ronde River, Catherine Creek, Minam River and the Lostine River.  Combining our salmon parr and smolt production estimates with escapement data will allow us to track the relationship between salmon spawning escapement and juvenile production in these drainages and estimate egg to parr and egg to smolt survival.  We will also collaborate with the smolt monitoring study on the lower Grande Ronde River conducted under the Fish Passage Center's Smolt Monitoring Program.  The smolt monitoring project's goal is to monitor and assess smolt travel time from the Grande Ronde Subbasin to Lower Granite Dam.  Currently we provide the smolt monitoring project personnel with weekly trapping reports so that they have expectations of forthcoming trap catches.  In addition, recoveries of PIT tagged fish at this trap will provide us with migration timing through lower reaches of the Grande Ronde River.  We also collaborate with the Captive Brood project by providing them with information of the distribution and specific locations of salmon juveniles and assisting them with collection of captive broodstock when out in the field conducting parr studies.

e. Project history
 (for ongoing projects) 

Ongoing portions of this project include objectives 1-10.  The spring chinook early life history study was initiated in 1993 with funding from NMFS.  BPA funding for the project commenced in September 1994 (FY 95 contract).  To date, we have collected data from eight migration years (1994-2001) on the upper Grande Ronde River, seven migration years (1995-2001) on Catherine Creek, five migration years (1997-2001) on the Lostine River, and one migration year (2001) on the Minam River.  In FY 98 we incorporated objectives from a previous subcontract between ODFW and the Fish Passage Center for Project 198712700 to investigate smolt migration characteristics and mainstem Snake and Columbia River detection rates of PIT-tagged Grande Ronde and Imnaha River naturally produced spring chinook salmon.  In FY 2000 we added objectives for summer steelhead from the same areas we collect information on spring chinook salmon.  Past costs of the project have been as follows: FY 95 $239,569, FY 96 $188,453,  FY 97 $525,229, FY 98 $650,697, FY 99 $714,362, FY 2000 $700,827, and FY 2001 $693,621.

Major results from each year are summarized below:

1993-1994 (NMFS funding):  We monitored migration timing of spring chinook salmon in the upper Grande Ronde River and found that about 11% of the migrants left the upper rearing areas in fall and overwintered in the Grande Ronde valley habitat.  Fish that overwintered in the Grande Ronde valley survived at a higher rate to mainstem dams than fish that overwintered in the upper rearing areas (Keefe et al. 1994). 

1994-1995:  We monitored migration timing of spring chinook salmon from the upper Grande Ronde River and Catherine Creek and found that about 10% of the migrants left the upper rearing areas of the Grande Ronde River in fall, whereas 50% of the migrants left the upper rearing areas of Catherine Creek in fall and overwintered in the Grande Ronde valley habitat.  Juvenile chinook salmon were found to be most abundant in pool habitats in the upper Grande Ronde River and Catherine Creek during winter and summer surveys.  Nighttime snorkeling was found to be the most effective method for locating juvenile spring chinook salmon in their winter habitat (Keefe et al. 1995).

1995-1996:  Juvenile chinook salmon were found in greatest abundance in pool habitats during winter and summer surveys, and were also found in the lower reaches of non-natal tributaries in the upper Grande Ronde River and Catherine Creek. Approximately 74% of the migrants from Catherine Creek left the upper rearing areas before winter.  Those juvenile spring chinook salmon that left the upper rearing areas of Catherine Creek in fall and overwintered in the Grande Ronde valley survived to the mainstem dams at a higher rate than fish that remained in the upper rearing areas.  Juvenile chinook that were PIT-tagged at our traps in the upper Grande Ronde River and subsequently recaptured at our trap at the downstream end of the Grande Ronde valley grow to a length of about 100 mm as they leave the valley, whereas Catherine Creek fish grow to about 120 mm before they leave the valley (Jonasson et al. 1996).

1996-1997:  We began monitoring migration timing of spring chinook salmon from the Lostine River and found that about 40% of migrants leave the Lostine River in the fall to overwinter in downstream areas.  Juvenile spring chinook salmon remaining in upper rearing areas of the Lostine River to overwinter survived at about the same rate to the mainstem dams as those fish that left the Lostine River during fall.  Juvenile chinook salmon were found to be most abundant in pool habitats during winter and summer in the Grande Ronde and Lostine rivers and Catherine Creek (Jonasson et al. 1997).

1997-1998:  Juvenile spring chinook salmon tagged as they left the upper rearing areas of the Grande Ronde and Lostine rivers in fall and overwintered in areas downstream were detected at mainstem dams at a higher rate than fish tagged during winter in the upper rearing areas, indicating a higher overwinter survival in the downstream areas.  Fish from Catherine Creek showed no difference in detection rates between fall and winter tag groups, indicating similar overwinter survival in the upper and lower rearing areas.  We estimated that 429 mature age-1 male parr and 13,222 immature age-0 parr were present in Catherine Creek in August. We estimated that 75 mature age-1 male parr and 40,748 immature age-0 parr were present in the Lostine River in August.  For every anadromous spring chinook female spawner in Catherine Creek and the Lostine River in 1998, we estimated there were 13 and 3 mature male parr, respectively (Keefe et al. 1998).

1998-1999:  We estimated that about 18% of the spring chinook migrants left the upper rearing areas of the Grande Ronde river before winter, compared to 57% in Catherine Creek and 61% in the Lostine River.  In the upper Grande Ronde River, spring chinook salmon that left in the fall survived at a higher rate to the mainstem dams than did fish that remained in the upper rearing areas overwinter.  In Catherine Creek, spring chinook salmon that left in the fall survived at a lower rate to the mainstem dams than did fish that remained in the upper rearing areas overwinter.  In the Lostine River, there was no difference in survival to the mainstem dams between the fish that left the Lostine River in the fall and those that remained overwinter (Jonasson et al. 1999).

1999-2000:  We monitored the migration of spring chinook salmon and steelhead at our traps and found that, like chinook, a proportion of the steelhead also leave the upper rearing areas in fall and overwinter in the Grande Ronde valley (upper Grande Ronde River and Catherine Creek populations) or other downstream areas (Lostine River population).  Steelhead as small as 115 mm fork length that leave the upper rearing areas in spring are ready to migrate through the Snake and Columbia rivers. We estimated that 22,393 steelhead (ages 0-3) and 25,789 age-0 chinook were rearing in the mainstem of Catherine Creek during summer (Jonasson et al in preparation).

We monitor in-basin migration of spring chinook salmon and steelhead with rotary screw traps immediately below the primary spring chinook spawning areas of the upper Grande Ronde River, Catherine Creek, Lostine River, and Minam River (Figure 1). Spring chinook populations from the upper Grande Ronde River, Lostine River, and Catherine Creek exhibit a fall movement out of summer rearing areas in addition to the typical spring smolt migration.  In the Lostine River and Catherine Creek it appears that 40-60% of the juvenile population leave summer rearing areas in the fall, whereas only approximately 10-20% leave the upper Grande Ronde River in the fall. We have data that indicates that the Grande Ronde River valley habitat is utilized by a substantial number of overwintering spring chinook salmon from both the Catherine Creek and upper Grande Ronde populations.  These salmon leave upper rearing areas in the fall, overwinter in the Grande Ronde valley and leave the valley as smolts in the spring.  Typical migration timing of juvenile spring chinook salmon within the Grande Ronde subbasin is shown in Figure 2. Estimates of abundance of migrants leaving the spawning and summer rearing areas of the upper Grande Ronde River, Catherine Creek, and the Lostine River and egg-to-migrant survival are shown in Table 1.

We have PIT-tagged early (fall) and late (spring) migrating spring chinook salmon at our rotary screw traps located immediately downstream of the spawning areas of three populations as well as tagged fish remaining in these upper rearing areas over winter (winter residents).  By comparing an index of survival (proportion of PIT-tagged fish detected at Snake and Columbia river dams for a specific tag group) for the specific tag groups, we estimate overwinter survival for fish remaining in the upper rearing areas, and also the relative success of the early migration compared to the late migration (Table 2).  

We have PIT-tagged spring chinook parr during summer in Catherine Creek, and the Grande Ronde, Imnaha, Lostine, Minam, and Wenaha rivers to estimate detection rates at mainstem Snake and Columbia River dams and migration timing to Lower Granite Dam (Walters et. al 1993, 1994; Sankovich et. al 1995, 1996; Keefe et al. 1998; Jonasson et al. 1999). We found that timing at Lower Granite Dam varies among populations within years and within populations among years, but a pattern is evident.  Typically, smolts from the Wenaha River are among the earliest to arrive at Lower Granite Dam, and they are followed by smolts from the Minam, Lostine, and Imnaha rivers.  Smolts from Catherine Creek and the Grande Ronde River are usually the latest to pass the dam.

Results of this study have been used to make recommendations for protection and enhancement of Grande Ronde subbasin spring chinook populations and their critical rearing habitats.  Data from the early years of this study demonstrated reduced survival among spring chinook salmon that overwinter in the upper Grande Ronde River as compared with those salmon that migrate out of the upper Grande Ronde in the fall.  Thus, we recommended to local managers that the upper Grande Ronde habitat be considered critical for overwintering salmon and that immediate habitat restoration efforts should be directed there.  Grande Ronde valley habitat also has been shown to be important to overwintering salmon and we have recommended it as a high priority for protection and restoration.  In addition, this Salmonid Life History study provides population status information in the form of estimates of smolt production out of Grande Ronde River tributaries.  Data collected as a part of this project can be used by the Grande Ronde Model Watershed Program and local managers to monitor changes in juvenile production as restoration activities are implemented.  In-water work timing guidelines for protection of spring chinook salmon and steelhead juveniles in different areas within the subbasin have been substantiated with the migration timing information obtained by this project.

Project Reports:

Keefe, M., R. W. Carmichael, B. C. Jonasson, R. T. Messmer, and T. A. Whitesel.  1994.  Investigations into the life history of spring chinook salmon in the Grande Ronde River Basin.  Annual Progress Report.  Bonneville Power Administration, Portland, OR.

Keefe, M., D. J. Anderson, R. W. Carmichael, and B. C. Jonasson.  1995.  Early life history study of Grande Ronde River Basin chinook salmon.  Annual Progress Report.  Bonneville Power Administration, Portland, OR.

Jonasson, B. C., R. W. Carmichael, and M. Keefe.  1996.  Investigations into the early life history of naturally produced spring chinook salmon in the Grande Ronde River Basin. .  Annual Progress Report.  Bonneville Power Administration, Portland, OR.

Jonasson, B.C., J.V. Tranquilli, Keefe, M., and R.W. Carmichael.  1997. Investigations into the life history of naturally produced spring chinook salmon in the Grande Ronde River Basin.  Annual Progress Report.  Bonneville Power Administration, Portland, OR.
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Van Dyke, E.S., M.L. Keefe, B.C. Jonasson and R.W. Carmichael.  1999. Aspects of life history and production of juvenile Oncorhynchus mykiss in the Grande Ronde River basin, Northeast Oregon.  Summary report to Bonneville Power Administration. Project No. 92-026-04.

Jonasson, B.C., F.R. Monzyk, E.S. Van Dyke, and R.W. Carmichael.  In preparation. Investigations into the life history of spring chinook salmon and summer steelhead in the Grande Ronde River Basin.  Annual Progress Report.  Bonneville Power Administration, Portland, OR

In addition to the annual project reports submitted to BPA, presentations of results have been made to Grande Ronde Model Watershed Board, Technical Committee; and other Grande Ronde organizations; Columbia Basin Fish and Wildlife Review, Lower Snake Compensation Plan Status Review, Western Division American Fisheries Society, and Oregon Chapter American Fisheries Society.
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Figure 1.  Locations of fish traps in the Grande Ronde River subbasin operated for the Salmonid Life History project.  Shaded areas delineate spring chinook salmon spawning and upper rearing areas in each study stream.  Dashed lines indicate the Grande Ronde River and Wallowa River valleys.
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Figure 2.  Estimated migration timing and abundance of juvenile spring chinook salmon migrants captured by rotary screw traps during the 1999 migration year.  Traps were located at rkm 299 and 164 of the Grande Ronde River, rkm 32 of Catherine Creek, and rkm 3 of the Lostine River.

Table 1.  Estimated abundance of spring chinook salmon from three populations in the Grande Ronde River subbasin at various life stages and estimated percent survival from egg to migrant.

Stream,

brood year
Redds
Eggsa

Early migrants (Fall)
95%CI (+/-)

Late migrants (Spring)
95%CI (+/-)

Total

migrants
95%CI (+/-)

Egg-to-migrant survival
















Upper Grande Ronde River












1992
123
534,804

2,902
489

22,760
3,186

25,662
3,223

4.8

1993
104
452,192

5,086
1,811

39,609
12,560

44,695
12,690

9.9

1994
1
4,348

14
15

1,148
192

1,162
192

26.7

1995
6
26,088

72
28

49
20

121
34

0.5

1996
22
95,656

2,348
312

4,588
554

6,936
636

7.3

1997b
19
82,612

2,466
187

13,179
3,116

15,644
3,122

18.9

1998b
25
108,700

3,912
386

12,111
2,042

16,023
2,078

14.7
















Catherine Creek












1993
84
365,232

9,129
1,337

9,102
1,576

18,231
2,067

5.0

1994
11
47,828

5,037
440

2,008
529

7,044
688

14.7

1995
14
60,872

4,308
1,118

444
104

4,752
1,123

7.8

1996
15
65,220

7,236
1,048

2,909
423

10,145
1,130

15.6

1997
46
200,008

13,015
2,010

7,937
1,115

20,952
2,299

10.5

1998
34
147,832

20,213
2,156

4,438
915

24,651
2,342

16.7
















Lostine River












1995c
11
47,828

2,236
240

2,253
558

4,489
607

9.4

1996
27
117,396

11,565
1,892

6,157
1,074

17,722
2,175

15.1

1997
49
213,052

20,685
1,966

14,488
1,749

35,173
2,632

16.5

1998
35
152,180

8,562
835

3,467
294

12,497
888

8.2
















a  4,348 eggs/redd based on average fecundity of 12 wild spring chinook salmon captured in the Lostine River and spawned at Lookingglass Fish Hatchery in 1997 (4 females) and 2000 (8 females).
b  Unable to obtain landowner permission to access the Vey Meadows area on the upper Grande Ronde River, therefore no surveys were conducted on 4.0 miles of the traditional index survey area.
b  We did not start trapping migrants until late October 1997.  Typically, a large proportion of the early migrants leave during early October.
Table 2.  Survival indices calculated as proportion of first time detections at Snake and Columbia River dams of fish PIT-tagged as early migrants, winter residents, and late migrants.  Relative success of early migrants is estimated by comparing the survival index of the early migrants to that of the winter residents, and overwinter survival in upper rearing areas is estimated by comparing the survival index of the winter residents to that of the late migrants.

Stream, migration year
Survival index
Relative success of early migrants
Overwinter survival in upper rearing areas


Early migrants
Winter residents
Late migrants



Grande Ronde River:






1994
0.269
0.107
0.321
2.52
0.333

1995
0.205
0.136
0.552
1.51
0.246

1996
No data
No data
0.361
--
--

1997
No data
No data
No data
--
--

1998
0.284
0.105
0.468
2.70
0.224

1999
0.260
0.100
0.505
2.60
0.199

2000
0.217
0.112
0.385
1.94
0.291








Catherine Creek:






1995
0.199
0.240
0.451
0.83
0.532

1996
0.279
0.136
0.430
2.06
0.316

1997
0.203
0.069
0.372
2.96
0.185

1998
0.194
0.231
0.459
0.84
0.503

1999
0.174
0.235
0.361
0.74
0.651

2000
0.159
0.112
0.302
1.42
0.371








Lostine River:






1997
0.260
0.272
0.517
0.96
0.526

1998
0.386
0.310
0.704
1.25
0.439

1999
0.333
0.283
0.605
1.18
0.468

2000
0.267
0.221
0.413
1.21
0.535

f. Proposal objectives, tasks and methods

General Approach
The seasonal migration timing and abundance of juvenile spring chinook salmon and summer steelhead in the upper Grande Ronde River, Catherine Creek, Lostine River, and Minam River and the will be determined by operating juvenile migrant traps from ice-out to ice-up.  We will capture and PIT-tag juveniles migrating downstream from summer rearing areas.  In the Grande Ronde River Subbasin, juvenile traps are located below summer rearing areas in the upper Grande Ronde River (RM 186, near the town of Starkey), in Catherine Creek (above the town of Union) and in the mainstem of the Grande Ronde River below the confluence of Catherine Creek and the Grande Ronde (RM 102).  In the Wallowa River Subbasin, a juvenile trap is located on the Lostine River and we will locate a trap site on the Minam River.  We will estimate the numbers of juveniles that migrate out of upper rearing areas in the fall and in the spring based on number of individuals captured and trap efficiencies.  We will compare the smolt detection rates of these groups based on the proportions of PIT tag recoveries at mainstem Columbia and Snake river dams equipped with PIT tag interrogation systems.

To monitor variability in the spring chinook salmon smolt migration among populations we will collect and PIT tag parr from the summer rearing areas on Catherine Creek and the Lostine, Minam and Imnaha rivers.  Data from dam detections of these tagged fish will be evaluated for migration timing and relative survival among populations.  In addition, we will use snorkel observations combined with parr marking techniques to estimate spring chinook salmon parr abundance and monitor the strategies adopted by summer parr in Catherine Creek and the Lostine River.

To monitor the status and trends in anadromous and resident salmonid populations (adult and juvenile) and their habitats throughout the Oregon portion of the Blue Mountain Province (Grande Ronde and Imnaha subbasins) we will use a rotating panel design utilizing the Environmental Protection Agency’s Environmental Monitoring and Assessment Program (EMAP)site selection process (described by Firman and Jacobs in press).  EMAP utilizes a Geographic Information System (GIS) to draw a spatially balanced sample of a population.  The program provides forced overlap between projects where their sampling domains overlap, and facilitates sampling intensification.  The rotating panel design balances the utility of trend detection through repeated sampling at the same sites over time, with the advantages of extensive sampling of the target populations.

Objective 1.  Document the in-basin migration patterns and estimate egg-to-migrant survival for spring chinook salmon juveniles in Catherine Creek and the upper Grande Ronde, Minam, and Lostine rivers.

Approach:  Rotary screw traps will be used to collect juvenile spring chinook salmon during their migration from the rearing areas.  We will assume that all juveniles captured in these traps are migrants.  The traps will be equipped with live boxes which can safely hold the numbers of chinook salmon expected to be trapped during the trapping time intervals.  The traps will be checked at varying time intervals dependent upon river conditions and the number of fish being captured.  For example, the first several days after releases of hatchery steelhead, traps will be checked several times a day to prevent overloading of the live box.  At the other extreme, with low flows and few fish being caught during summer months, traps may be checked as infrequently as every third day.

All juvenile spring chinook salmon will be removed from the traps for enumeration, sampling, or interrogation of PIT tags.  Prior to sampling, juvenile chinook salmon will be anesthetized with MS-222.  Fish will be sampled as quickly as possible and allowed to recover fully before release into the river.  Trap efficiencies will be conducted as needed corresponding with changes in river conditions, or at a minimum of once per week.  Trap efficiency will be determined by releasing known numbers of marked juveniles above the traps and determining the number of recaptures within a defined period of time (Thedinga et al. 1994).  Release distances and strategies will be evaluated throughout the trapping period.

Task 1.1:  Collect juvenile spring chinook salmon migrants in the Grande Ronde River subbasin by operating five screw traps at selected trapping sites.  The upper traps will capture fish leaving the upper rearing areas of the upper Grande Ronde River, Catherine Creek, Lostine River and the Minam River.  The lower trap will capture fish leaving the Grande Ronde Valley (upper Grande Ronde River and Catherine Creek populations).

Task 1.2:  Enumerate all spring chinook salmon collected in traps.  Measure the length and weight for 80 migrants collected weekly at each trapping location.  Calculate condition factor for these 80 salmon.

Task 1.3:  Mark approximately 50-100 spring chinook salmon migrants collected weekly at each trap.  Salmon will receive a PIT tag, or a mark of water-soluble acrylic paint that is applied with a Panjet marking instrument.

Task 1.4:  Determine trapping efficiencies for each trap throughout the trapping period using fish marked in Task 1.3.

Task 1.5:  Estimate the number of juvenile chinook salmon migrating from rearing areas based on number of chinook salmon collected in the traps, trap efficiencies, and mortality estimates associated with the marking procedure.

Task 1.6: Estimate survival from egg-to-migrant using the migrant abundance estimates from Task 1.5 combined with adult escapement data from spring chinook salmon spawning ground surveys conducted under a Lower Snake River Compensation Plan project and spring chinook fecundity data from the Grande Ronde Endemic Supplementation Program.

Task 1.7:  For each trap location, plot estimated number of migrants against time of the year to determine timing and duration of the juvenile migration periods.

Task 1.8:  Continuously monitor water temperature using a thermograph and monitor river height daily from a river gage at each trap.

Objective 2.  Determine overwinter mortality and the relative success of fall migrant and spring migrant life history strategies for spring chinook salmon from the tributary populations in Catherine Creek and the upper Grande Ronde, and Lostine rivers, and the relative success of fall migrant and spring migrant life history strategies for spring chinook salmon from the Minam River.

Approach:  PIT tag technology allows fish to be individually marked and subsequent observations made on marked fish without sacrificing the fish.  Presently, PIT tag monitors are used at six mainstem Columbia and Snake River dams to monitor PIT-tagged fish passage.  Detection rates at the dams only allow us to estimate relative survival from the time of tagging to time of detection and do not allow us to separate parr and smolt mortality.

In addition, fish that migrate at different times of the year and overwinter in different habitat types are subject to different environmental conditions that can result in variable survival.  In addition to the typical spring smolt migration, there is a fall migration from summer rearing areas.  To determine if juveniles migrating at different times of the year exhibit differential detection rates at mainstem dams we will PIT tag approximately 500 juvenile spring chinook salmon during both the fall and spring migration.  We will define the fall migration as any downstream movement evident between September and December and the spring migration as any downstream movement evident between February and June.  These times should encompass the majority of spring and fall migrations.  After the fall migration has passed we will also collect and PIT tag approximately 500 juveniles from rearing areas upstream of our traps in Catherine Creek, and the upper Grande Ronde and Lostine rivers.  We will classify these fish as winter residents.  Thus, there are three separate groups for comparisons of detection rates at mainstem dams.  Comparing detection rates of smolts tagged during the spring migration with detection rates of smolts tagged in winter will allow us to estimate overwinter mortality.  Comparing detection rates of smolts tagged during the fall migration with detection rates of smolts tagged as winter residents will allow us to evaluate the relative success of fall migrant and spring migrant life history types.  Mainstem dam detection rates will be estimated.  For statistical comparisons between treatment groups we will use a contingency table designed for the analysis of frequencies. Parametric T-tests and ANOVA tests will be used to compare dam detection rates among groups.  Appropriate nonparametric will be substituted if the data are found not to conform to parametric assumptions.

Task 2.1:  Interrogate each chinook salmon collected in the screw traps for a previously implanted PIT tag.  Record tag number and measure lengths and weights of all PIT-tagged recaptures.

Task 2.2:  PIT-tag approximately 500 fall and spring migrating spring chinook salmon juveniles at the four upper traps, and 400 spring migrating spring chinook juveniles at the lower Grande Ronde Valley trap, that were not previously tagged and create a PIT tag data base for tagged fish.

Task 2.3:  Collect and PIT tag approximately 500 winter resident parr from rearing areas above the screw traps in Catherine Creek, and the upper Grande Ronde and Lostine rivers.  Create a PIT tag database for these fish.

Task 2.4:  Monitor PIT-tagged migrants at the lower trap.  Measure and record tag number, length and weight information for all PIT-tagged fish.  Enter lower trap recovery data on PTAGIS database.

Task 2.5:  Obtain detection information for PIT-tagged fish detected at Snake and Columbia river dams.  Determine mainstem dam detection rates for fall, winter and spring tagged fish.

Task 2.6:  Derive estimates of overwinter survival by comparing dam detection rates of PIT-tagged winter resident parr to dam detection rates of PIT-tagged spring migrants for spring chinook salmon from Catherine Creek and the upper Grande Ronde, and Lostine rivers.

Task 2.7: Derive estimates of the relative success of the fall migrant and spring migrant life history strategies by comparing dam detection rates of PIT-tagged fall migrants to dam detection rates of PIT-tagged spring migrants for spring chinook salmon from Catherine Creek and the upper Grande Ronde, Lostine and Minam rivers.

Task 2.8:  Derive estimates of survival of spring migrants from Catherine Creek and the upper Grande Ronde River through the Grande Ronde Valley by comparing dam detection rates of PIT-tagged spring migrants from Catherine Creek and the upper Grande Ronde River to dam detection rates of PIT-tagged spring migrants tagged at the lower Grande Ronde Valley trap.

Objective 3.  Estimate and compare smolt detection rates at mainstem Columbia and Snake River dams for migrants from four local, natural populations of spring chinook salmon in the Grande Ronde and Imnaha River subbasins.

Approach: We will collect and PIT tag naturally produced spring chinook parr from Catherine Creek, the Lostine, Minam and Imnaha rivers in the late summer of 2001.  Sites and techniques providing the least harmful collection of parr will be used.  Relative parr-to-smolt survival of each tagged population will be indexed from recovery rates of PIT-tagged smolts collected at mainstem Snake and Columbia river dams.  This data will provide information on interpopulational variation in the parr-to-smolt survival of naturally-produced spring chinook salmon.

Task 3.1:  Collect 500 juvenile salmon from Catherine Creek and the Lostine River and 1,000 juveniles from the Minam and Imnaha rivers in August and September 2001.  We will locate juveniles using snorkel observations and will collect the fish with seines.  Sanctuary dip nets will be used to minimize out of water transfers.

Task 3.2:  Once collected, we will implant PIT tags in the fish.  We will proceed with collection at temperatures up to 17(C and will tag at temperatures up to 15(C.  We will tag fish that are 60 mm in fork length or longer and appear to be in good health.   Fish will be anesthetized with 40-50 ppm MS-222.  PIT tags will be injected manually with modified hypodermic syringes.  The syringes will be disinfected for 10 minutes in 70% ethanol prior to tagging.  Fish will be allowed to recover after tagging and will be released as near to the collection site as possible.

Task 3.3:  Incorporate data into ASCII files according to criteria developed by the PIT Tag Steering Committee and submit files to the PTAGIS database.

Task 3.4:  Obtain detection information for PIT-tagged fish detected at Snake and Columbia river dams.  Files will be downloaded from PTAGIS and parr-to-smolt survival of the PIT tagged populations will be determined.

Task 3.5:  Analyze the results and interpret the analysis.

Objective 4.  Document the annual migration patterns for spring chinook salmon juveniles from four local, natural populations in the Grande Ronde and Imnaha River subbasins.

Approach:  As migrating smolts pass through the collection stations at Lower Granite,  Little Goose, and McNary dams, PIT tagged fish will be detected, tags will be decoded, and the date recorded.  We will plot and compare this migration timing data for the four populations of spring chinook salmon tagged.  This data will provide information on the interpopulational variation in migration timing of naturally produced spring chinook salmon smolts.

Task 4.1:  Plot the number of PIT tagged fish migrating over time for spring chinook from each population.

Task 4.2:  Analyze the data using ANOVA of a distribution analysis and interpret the data.
Objective 5.  Determine egg-to-parr survival for spring chinook salmon in two local, natural populations in the Grande Ronde River subbasin. 

Approach:  We will use habitat and spawning survey data to determine all potential summer rearing habitat and then will snorkel to locate spring chinook parr in Catherine Creek and the Lostine River.  We will collect and mark up to 1,500 summer parr with either a PIT tag (including 500 from Objective 3) or a paint mark.  Approximately four to seven days after marking we will conduct a second survey to enumerate recaptures.  Handling upon recapture will be minimized to allow only identification of PIT tag code or paint mark. Sampling recaptures four to seven days after marking allows time for the fish to recover from handling and redistribute themselves and at the same time minimizes the potential for immigration and emigration in the collection area.  All fish will be released as near to the collection site as possible.

Task 5.1:  Use snorkeling observation to determine the summer rearing distribution of parr and the relationship of parr distribution to redd distribution.

Task 5.2:  Collect parr using snorkelers to herd the fish into a seine, anesthetize parr, determine length and weight and give appropriate mark.  Release fish at or near collection site after they recover from anesthesia.

Task 5.3:  Repeat collection survey four to seven days later to enumerate recaptures.

Task 5.4:  Use mark-recapture methodology to estimate the total abundance of parr in summer.

Task 5.5: Estimate egg-to-parr survival using data collected in Task 5.4 combined with adult escapement data from spring chinook salmon spawning ground surveys conducted under a Lower Snake River Compensation Plan project and spring chinook fecundity data from the Grande Ronde Endemic Supplementation Program.

Objective 6.  Investigate the significance of alternative life history strategies of spring chinook salmon in two local populations in the Grande Ronde River subbasins.

Approach:  During initial collection (Objective 5) all fish will be examined for evidence of precocious maturation and we will collect scales from them to determine age structure of the parr population.  Precocious parr will receive a unique mark so that they may be treated as a separate group and the data collected on them can be analyzed independently from immature parr.

Task 6.1:  Estimate the total abundance of precocious males in late summer and determine what portion of the population exhibits this alternate life  history strategy.

Task 6.2:  Estimate the abundance of juvenile salmon that remain in freshwater past their second spring and do not mature sexually and determine the portion of the total parr population that exhibits this alternate life history strategy.

Task 6.3:  Estimate the number of two year old smolts that out migrate past the mainstem Snake and Columbia river dams.  

Objective 7.  Document patterns of movement for juvenile O. mykiss from tributary populations in Catherine Creek, the upper Grande Ronde, Lostine and the Minam rivers. Include data on migration timing, duration, and smolt abundance.  

Approach:  Rotary screw traps will be used to collect juvenile O. mykiss.  One difficulty when trapping O. mykiss is that traps are useful for estimating the abundance of  migrants but not residents and only steelhead smolts can be differentiated from resident rainbow trout.  Thus, information obtained for this objective will be limited to a description of the smolt migration and smolt abundance. Details of trap operation can be found under Objective 1.

Task 7.1:  Collect juvenile O. mykiss by operating five rotary screw traps at selected trapping sites.  The traps will be operated year round if possible and will only be removed if low flows or  ice prevent operations.

Task 7.2:  Enumerate all O. mykiss collected in traps. Measure the length and weight of 100 fish weekly at each trapping location.  Calculate the condition factor for these 100 fish.  Identify smolts based on visual examination.

Task 7.3:  Collect scale samples from 100 juveniles weekly.  Analyze scales and combine with length data to generate a length at age relationship.

Task 7.4:  Mark approximately 50 O. mykiss weekly at each trap.  Fish will receive either a paint mark or a PIT tag for identification.

Task 7.5:  Determine trap efficiencies for each trap throughout the trapping period.

Task 7.6:  Estimate the number of  O. mykiss migrating past the trap based on number of fish collected,  trap efficiencies, recapture histories, and mortality associated with the marking procedures.  Estimate annual smolt abundance for each tributary population. 

Task 7.7:  For each trap location, plot the estimated number of migrants against time of the year to determine timing and duration of juvenile migration periods.

Objective 8.  Estimate and compare smolt detection rates at mainstem Columbia and Snake River dams for summer steelhead from four tributary populations, Catherine Creek and the upper Grande Ronde, Lostine, and Minam rivers.

Approach: PIT tag technology allows fish to be individually marked and subsequent observations made on marked fish without sacrificing the fish.  PIT tag monitors at mainstem dams monitor the passage of tagged fish and provide us with recapture data that we can expand to estimate smolt survival.

Task 8.1:  Interrogate each O. mykiss juvenile collected in the traps for a previously implanted PIT tag.  Record tag number and measure lengths and weights of all PIT-tagged recaptures.

Task 8.2:  PIT tag approximately 500 migrating steelhead smolts that were not previously tagged and create a PIT tag data base for these fish.

Task 8.3:  Monitor PIT-tagged migrants at the lower river trap.  Measure and record tag number, length and weight information for all PIT-tagged fish.  Enter lower trap recovery data in the PTAGIS database.

Task 8.4:  Obtain detection information for PIT-tagged fish detected at Snake and Columbia river dams.

Task 8.5:  Determine mainstem dam detection rates for steelhead smolts from the four tributary populations.

Objective 9.  Evaluate methods to estimate the proportion of O. mykiss captured during fall trapping that are migrating out of rearing areas and will undertake a smolt migration the following spring.  

Approach: It is uncertain if the O. mykiss collected in the upper rearing traps during the fall represent fish migrating out of rearing areas or simply fish undergoing local movements.  For spring chinook salmon, we see a distinct fall outmigration.  We will evaluate methods to allow us to determine what portion, if any, of the fall collected fish are migrating from rearing areas.  By PIT tagging individuals and recording all recaptures we should begin to see if patterns of recapture are evident for individuals or if they pass the trap only once.  In addition, we will explore alternate methods to determine where these fish are going and if the movement is unidirectional.

Task 9.1:  PIT tag up to 1,000 juvenile O. mykiss that are collected in each of the four upper rearing area traps in the fall.  Create a PIT tag database for these fish. 

Task 9.2:  Record recaptures of these fall-tagged fish both from in-basin sources and mainstem dam detections. 

Task 9.3:  Use recapture data and collection efficiencies to estimate the minimum number of smolts leaving the tributary populations that migrated out of upper rearing areas in the fall. 

Objective 10.  Describe the population characteristics of the juvenile O. mykiss population in Catherine Creek. 

Approach: In the Grande Ronde subbasin most of our steelhead populations are sympatric with populations of rainbow trout.  The genetic relationship of the steelhead and trout remains uncertain; are steelhead (rainbow trout) simply a form of rainbow trout (steelhead) that exhibit a different life history?  The uncertainty of this relationship necessitates us treating juvenile O. mykiss as one population.  To better understand the population dynamics of these fish, we will describe the characteristics of one such population of O. mykiss in Catherine Creek.

Task 10.1:  Identify the limits and distribution of parr using field sampling in combination with recent ODFW survey data.

Task 10.2:  Use passive seining techniques to collect parr in mainstem Catherine Creek upstream of the rotary screw trap at rkm 32, and in one tributary.
Task 10.3:  Mark up to 1,000 parr with PIT tags, and mark others with paint mark or similar technique. Collect scale samples from 100 fish in each size category collected.

Task 10.4:  After several days collect a random sample of parr and use mark-recapture estimation to generate a parr population estimate for the mainstem Catherine Creek, and the tributary sampled in task 10.2.

Task 10.5:  Read scales to determine parr age structure of O. mykiss parr population.
Objective 11.  Determine the quality and quantity of winter concealment habitat in selected spring chinook upper rearing areas, and quantify and characterize its use by juvenile spring chinook salmon in the Grande Ronde subbasin.

Approach:  We will conduct habitat inventories within the primary spring chinook salmon upper rearing areas of Catherine Creek, Lostine River and the upper Grande Ronde River focusing on characterizing the quality and quantity of winter concealment habitat.  Winter concealment habitat will be defined as substrate pieces >12 cm diameter with <5% surface area covered with fines, and wetted surface area of undercut banks and large woody complex.  Following the initial inventory work, we will randomly select juvenile spring chinook salmon rearing habitat units within the inventoried areas.  Units will be selected in August, and will be segregated into two replicated density treatments (units with >10 chinook parr/100 m2 and units with <10 chinook parr/100 m2).  Spring chinook salmon parr will be collected from each unit in August using a passive seining technique in which snorkelers locate and herd the fish into a seine.  We will sample and PIT-tag every spring chinook salmon parr caught in selected units in August, up to 1,000 parr in each population, to establish a sample population for analyzing trends and comparing factors that influence ecological and behavioral strategies associated with fall migration and overwintering in natural stream environments.  Trends and relationships within populations will be generated from PIT tag recapture data collected during subsequent sampling at distinct stages of the pre-spring migration period and at trap sites.  All fish collected during subsequent sampling efforts will be interrogated for a PIT tag and data collected on length and weight for growth comparisons.  Available concealment habitat and other habitat features will be quantified each time a unit is sampled, and the number of spring chinook salmon parr using each unit will be monitored.  Thermographs will continuously monitor water temperatures within each unit.  Data generated during sampling will be subjected to rigorous hypothesis testing, and will be incorporated in a masters thesis.

Task 11.1:  Inventory available winter concealment habitat in spring chinook salmon upper rearing areas of Catherine Creek, Lostine River, and upper Grande Ronde River.  The following data information will be recorded in the upper spring chinook rearing areas of each stream: number of habitat units following the classification system described by Bisson et al. (1982), quantity of off-channel and alternative habitat available, and quantify and map winter concealment habitat.

Task 11.2:  Characterize when juvenile spring chinook salmon shift to winter concealment behavior in relation to temperature, fish density and size.  A set of randomly selected high density (>10 chinook parr/100 m2) and low density (<10 chinook parr/100 m2) pool/glide habitat units will be sampled in August in spring chinook salmon upper rearing areas of Catherine Creek, Lostine River, and upper Grande Ronde River. All spring chinook salmon parr in each unit will be captured and PIT-tagged in August.  These units will be resampled by snorkeling during the day and again at night approximately monthly through January.  Relationships between the relative number of parr using concealment behavior and temperature, fish density, and fish size will be determined.

Task 11.3:  Evaluate the relationship between fish density, size, water temperature, and available winter concealment habitat within sampled habitat units in Catherine Creek, Lostine River, and upper Grande Ronde River and the number of juvenile spring chinook salmon that migrate below trapping sites from those units in fall.  The number of PIT-tagged spring chinook that migrate in the fall and spring will be estimated for each stream using PIT tag recaptures in rotary screw traps (Task 1.1).  All spring chinook salmon collected in rotary screw traps, as they leave upper rearing areas of Catherine Creek, Lostine River and upper Grande Ronde River (Task 1.1), and during resampling of pool/glide habitat units (Task 11.2) will be interrogated for a PIT tag.  Recapture data for fish PIT-tagged in August will be used to establish trends and relationships between fish that overwinter in upper rearing areas and winter rearing areas below trap sites.  Survival differences through the hydrosystem will be analyzed for each population.

Objective 12.  Implement EMAP sampling framework developed for coastal Oregon watersheds (Firman and Jacobs, in press; Stevens and Olsen 1999) to monitor the status and trends in anadromous and resident salmonid populations (adult and juvenile) and their habitats throughout the Oregon portion of the Blue Mountain Province.

Task 12.1:  Habitat and Juvenile Salmonid Monitoring – ODFW will sample 50 randomly drawn 1-km reaches in each of the two subbasins.  The sampling universe will be 5th order and smaller streams from the 1:100k EPA River Reach file.  Sample size was determined based on the minimum number of sites necessary to quantify current conditions (status) and detect trends in conditions over time.  Sampling will be based on standard methods for habitat and juvenile monitoring adopted by ODFW (Moore et al. 1999; Rodgers 2000; Thom et al. 2000).  Habitat sampling will determine current habitat conditions in each of the subbasins and allow for assessing how habitat conditions change in the future.  Current habitat conditions will also be compared to habitat benchmarks ODFW established in 1997 and 1998 (Dambacher and Jones 1997; Thom et al. 1999).  Juvenile salmonid sampling will determine the current distribution and abundance of salmonids in each of the two subbasins and trends in distribution and abundance of salmonids over time.  In addition, trends among the subbasins can be compared over time.

Task 12.2:  Steelhead Spawner Monitoring – ODFW will sample 50 randomly drawn 1-km reaches in each of the two subbasins.  The sampling universe will be the range of steelhead spawning in each of the two subbasins.  Sample size will be determined based on the minimum number of sites necessary to quantify current conditions (status) and detect trends in conditions over time.  Sampling will be based on ODFW protocols (ODFW 2000) for spawning surveys.  Salmonid spawner sampling will determine the current abundance (status, ±40%) and distribution of adults in each of the two subbasins and allow ODFW to assess how abundance and distribution change over time.

Objective 13.  Document habitat conditions in Catherine Creek and the upper Grande Ronde, Minam, and Lostine rivers, and explore relationships to spring chinook salmon egg-to-migrant survival and life history patterns observed in these tributaries.  

Approach:  Habitat surveys will be conducted in the spring chinook salmon rearing areas upstream of our rotary screw traps in Catherine Creek and the upper Grande Ronde, Minam, and Lostine rivers during summer.  Two streams will be surveyed in FY02 and two streams will be surveyed in FY03.  Habitat variables to be measured, estimated, or described will include: stream temperature, instream flow, channel characteristics and dimensions, substrate, habitat types, riparian condition, adjacent land-use, aquatic macroinvertebrates, primary production, and relative abundance of fish species.

Task 13.1:  Sample Catherine Creek and the Lostine River above the migrant traps for habitat variables.  Sampling will be based on standard methods for habitat monitoring adopted by ODFW (Moore et al. 1999; Thom et al. 2000).

Task 13.2:  Obtain stream temperature data from ODFW and other monitoring agencies for established temperature monitoring stations in each study stream.  Deploy temperature dataloggers in reaches where there are no temperature monitoring stations.

Task 13.3:  Obtain stream flow data from Oregon Water Resources Department for the study streams.  Measure stream flow for streams lacking established gaging stations.

Task 13.4:  Collect and analyze samples of macroinvertebrate drift in each study stream.  Determine species composition, abundance, and biomass of drift for each stream.

Task 13.5:  Collect periphyton samples from unglazed tiles placed in each study stream.  Analyze the samples to determine ash-free dry mass and chlorophyl A, as a measure of primary production in each stream.

Task 13.6:  Use snorkeling or electrofishing methods to estimate the relative abundance of fish species in Catherine Creek and the Lostine River above the migrant traps. 

Task 13.7:  Examine relationships between habitat variables measured, estimated or described in Tasks 13.1 – 13.6 and egg to migrant survival estimated in Task 1.6, and the proportion of early and late migrants from each stream, using multiple regression, principal component analysis, or other appropriate statistical procedures.

Objective 14.  Develop a study plan to conduct an analysis of factors limiting the production of spring chinook salmon in the Grande Ronde subbasin.

Approach:  In our approach to developing an analysis of limiting factors, we will include components of habitat quantity and quality as well as habitat requirements by life stage.  We will review the Ecosystem Diagnosis and Treatment Method (EDT) as it has been applied to the Grande Ronde subbasin (Mobrand and Lestelle 1997).  The EDT uses expert opinion to determine limiting factors by life stage and stream reach.  We will also begin to collect habitat information in our study streams to be used in the limiting factors analysis in activities under Objective 13.  As we develop the study plan and begin to articulate our approach to the limiting factor analysis, we will refine the habitat variables sampled.  An important component of the process to develop the plan to conduct the analysis is collaboration with other scientists with expertise in statistical approaches, inventory methods, and local knowledge of the resources within the Grande Ronde subbasin.  We anticipate collaboration with scientists from the Grande Ronde Model Watershed Program, Oregon State University, Oregon Department of Fish and Wildlife, and others in the Pacific Northwest.  

Task 14.1:  Review recent literature pertaining to analysis of limiting factors.

Task 14.2:  Review inventory methods to collect information used for limiting factor analysis.

Task 14.3:  Review analytical approaches to determining limiting factors.

Task 14.4:  Write a study plan to conduct an analysis of factors limiting the production of spring chinook salmon in the Grande Ronde subbasin.

Task 14.5:  Distribute study plan for critical review.

g. Facilities and equipment

Staff to support and supervise this project will be housed in the ODFW Northeast Region Research and Development office in La Grande and in the Enterprise field office.  We have five 5-ft and two 8-ft rotary screw traps to trap downstream migrants.  We are requesting funds to replace the trapping cones on two 5-ft and one 8-ft trap, that have been repaired many times and are showing signs of metal fatigue.  We have six PIT-tag readers and are requesting funds to purchase two additional readers so that we have coverage at our five trap sites, with backups, when we are capturing large numbers of PIT-tagged hatchery chinook salmon at our traps after their release in spring. We are also requesting funds to purchase an additional laptop computer to use in the field in conjunction with a PIT-tag reader for PIT-tag monitoring and tagging sessions.
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Richard W. Carmichael, 0.1 FTE

Northeast Region Research Program Director

Oregon Department of Fish and Wildlife

211 Inlow Hall, One University Blvd.

La Grande, OR 97850
Education and Experience

B.S., Fisheries Science, Oregon State University, 1979

M.S., Fisheries Science, Oregon State University, 1984

Research Biologist for ODFW since 1983.

1982-1983
Project Assistant,  Oregon Department of Fish and Wildlife, La Grande, OR

1983
Assistant Project Leader, Oregon Department of Fish and Wildlife, La Grande, OR

1983-1990
Project Leader, Oregon Department of Fish and Wildlife, La Grande, OR

1990-pres.
Northeast Region Research Supervisor - Executive Manager for NE Oregon Scientific Investigations Program.  Primary responsibilities are to develop and direct implementation of a complex research program to evaluate success of protecting, reestablishing, and restoring ESA listed and non-listed stocks in eastern Oregon, oversee the work of 14 full-time fisheries biologists and up to 8 projects, and represent ODFW on regional and national scientific committees.

Principal areas of research:
Expertise in fisheries research project development and implementation, personnel management, budget development and tracking, technical report writing, natural production and supplementation research, statistical analysis, coded-wire tag implementation and assessment, bass and trout ecology, creel censusing.

Selected publications 

1997.
Straying of Umatilla River hatchery origin fall chinook salmon into the Snake River.  (R. W. Carmichael).  In  Genetic effects of straying of non-native hatchery fish into natural populations (R. S.  Waples, convener).  National Oceanic and Atmospheric Administration, Seattle, WA.

1995.
Status of supplementing chinook salmon natural production in the Imnaha River basin.  In Uses and effects of cultured fishes in aquatic ecosystems (H.L. Shramm, Jr., and R.G. Piper, eds.)

1994.
A comparison of the performance of acclimated and direct stream released , hatchery-reared steelhead smolts in Northeast Oregon.  (Whitesel, T.A., P.T. Lofy, R.W. Carmichael, R.T. Messmer, M.W. Flesher, and D.W. Rondorf) Pages 87-92 in High performance fish (D.D. MacKinlay, ed.); Fish Physiology Section, American Fisheries Society, Fish Physiology Association, Vancouver, British Columbia, Canada.

1992.
Straying of hatchery origin spring chinook salmon and hatchery:wild composition of naturally spawning adults in the Grande Ronde River basin.  (Carmichael, R.W., L.A. Borgerson, and P.A. Lofy)  In  Salmon management in the 21st century:  Recovering stocks in decline.  Proceedings of the 1992 Northeast Pacific chinook and coho workshop.  American fisheries Society, Bethesda, MD.
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ODFW Oregon Plan Monitoring Coordinator
Oregon Department of Fish and Wildlife

28655 Highway 34

Corvallis, OR  97333
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B.S., Wildlife Biology-University of Montana, 1982

M.S., Forest Ecology-Oregon State University, 1992

Ph.D., Forest Ecology-Oregon State University, 1995

2000 – present
Oregon Plan Monitoring Coordinator, Oregon Department of Fish and Wildlife and Assistant Professor (Courtesy), Departments of Fisheries and Wildlife and Forest Science, Oregon State University 

1999 – 2000
Assistant Professor, Dept of Forest Science, Oregon State University

1996 – 1999

Research Associate, Dept of Forest Science, OSU

1992 – 1996

Faculty Research Assistant, Dept of Forest Science, OSU

Principal areas of research:

Assessment of the structure, function, and dynamics of aquatic ecosystems

Evaluation of historical changes in aquatic ecosystem structure and function and the influence of anthropogenic and natural disturbance on these changes

Multi-scale methods to assess aquatic condition and community structure of watersheds

Freshwater ecology of fish assemblages of the Pacific Northwest

The use of remote sensing techniques for across scale assessments and watershed monitoring
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Brian C. Jonasson, 1.0 FTE

Project Leader

Oregon Department of Fish and Wildlife

211 Inlow Hall, One University Blvd.

La Grande, OR 97850
Education and Experience

B.S., Fisheries Science, Oregon State University, 1979

M.S., Fisheries Science, Oregon State University, 1984

Research Biologist for ODFW since 1983.

1982-1983
Project Assistant,  Oregon Department of Fish and Wildlife, Corvallis, OR

1983-1987
Assistant Project Leader, Oregon Department of Fish and Wildlife, Madras, OR

1987-1989
Subbasin Planner, Oregon Department of Fish and Wildlife, The Dalles, OR

1989-1999
Assistant Project Leader, Oregon Department of Fish and Wildlife, La Grande, OR.

1999-pres.
Project Leader, Oregon Department of Fish and Wildlife, La Grande, OR..  Primary responsibilities are to conduct and oversee life history studies in the Grande Ronde and Imnaha River subbasins and coordinate ESA and other research activities in the Grande Ronde subbasin.  Oversee and coordinate data collection and necessary project operations.  Prepares manuscripts, study plans, budgets, reports, permits, detailed sampling plans, and schedules.  Oversee the work of  three assistant project leaders and 9 seasonal project assistants.  Presents project findings a professional fisheries meetings and to public groups.  

Expertise

Life history studies of fishes, population estimation of salmonids in streams, sampling of stream fish populations, PIT-tagging of salmonids, estimation of stream habitat quantity and quality, fish culture, hatchery effectiveness, budget development and tracking, personnel management.

Selected Publications

Wilson, W.A., J.R. Ruzycki, B.C. Jonasson, and R.W. Carmichael. 2000. John Day spring chinook salmon escapement and productivity monitoring. Annual Report to Bonneville Power Administration. Project No. 98-016-00.

Jonasson, B.C., J.V. Tranquilli, P. Sankovich, E.S. Van Dyke, M.L. Keefe, and R.W. Carmichael. 1999.  Investigations into the early life history of naturally produced spring chinook salmon in the Grande Ronde River basin.  Annual Report to Bonneville Power Administration. Project No. 92-026-04.

Jonasson, B.C., V.D. Albaladejo, and R.W. Carmichael. 1999. John Day spring chinook salmon escapement and productivity monitoring. Annual Report to Bonneville Power Administration. Project No. 98-016-00.

Keefe, M.L., J.V. Tranquilli, P. Sankovich, E.S. Van Dyke, Jonasson, B.C., and R.W. Carmichael. 1998.  Investigations into the early life history of naturally produced spring chinook salmon in the Grande Ronde River basin.  Annual Report to Bonneville Power Administration. Project No. 92-026-04.

Jonasson, B.C., T.A. Whitesel, and R.W. Carmichael. 1996.  Residual hatchery steelhead:  Characteristics and potential interactions with spring chinook salmon in northeast Oregon.  Oregon Department of Fish and Wildlife, Fish Research Project, Annual Project Report, Portland.

Frederick R. Monzyk, 1.0 FTE

Assistant Project Leader

Oregon Department of Fish and Wildlife

211 Inlow Hall, One University Blvd.

La Grande, OR 97850
Education and Experience

B.S., Biology, Kansas State University, 1991

M.S., Fisheries Science, Louisiana State University, 1994

Fisheries Assistant, Missouri Department of Conservation, 1992

Collect fish and habitat data for management plans on streams and lakes.  Collected and identified stream fish for river basin fishery inventory. Conducted habitat evaluations of trout streams. Performed population surveys of rainbow and brown trout, and endangered Niangua darter.

Research Associate, Louisiana State University, 1994-2000.

Coordinated research on timber harvesting effects on stream habitat, water quality, and biotic communities.  Conducted research on population characteristics of striped bass. Managed computer databases and analyzed data.  Wrote reports to funding agencies. Presented study results to various groups. 

Assistant Project Leader, ODFW, 2000-present

Participates in collection, analysis, and summary of Grande Ronde subbasin trapping and habitat data.  Assists in writing manuscripts, and reports.  Assists in planning and coordination of trapping and tagging activities in the Grande Ronde subbasin.  Oversees the work of seasonal personnel.  Presents project results at professional meetings and to public interest groups.

Expertise

Life history studies of fishes, population estimation of salmonids in streams, sampling of stream fish populations, PIT-tagging of salmonids, estimation of stream habitat quantity and quality, aquatic macroinvertebrate collection and identification, statistical analysis, GIS

Selected Publications

1997
Monzyk, F. R., W. E. Kelso, and D. A. Rutherford.  Characteristics of woody cover used by Brown Madtoms and Pirate Perch in coastal plain streams.  Transactions of the American Fisheries Society 126:665-675.   

1991
Monzyk, F. R. and C. C. Smith.  Fox squirrel rate of seed removal in comparison to nocturnal rodents.  Transactions of the Kansas Academy of Science 94:30-32.

ERICK S. VAN DYKE, 1.0 FTE

Assistant Project Leader

Oregon Department of Fish and Wildlife

65495 Alder Slope Road

Enterprise, OR 97828
Education and Experience

B.S., Geography, Portland State University, 1989

Cert., U.S. Peace Corp Aquaculture program, 1989

Research Biologist for ODFW since 1997.

1997-1999
Assistant Project Leader, Oregon Department of Fish and Wildlife, La Grande, OR

1999-pres.
Assistant Project Leader, Oregon Department of Fish and Wildlife, Enterprise, OR. Participates in collection, analysis, and summary of Wallowa subbasin trapping and habitat data.  Assists in writing manuscripts, and reports.  Assists in planning and coordination of trapping habitat preference activities in the Wallowa subbasin.  Oversees the work of seasonal personnel.  Presents project results at professional meetings and to public interest groups.

Expertise

Life history studies of fishes, population estimation of salmonids in streams, sampling of stream fish populations, PIT-tagging of salmonids, estimation of stream habitat quantity and quality, aquaculture.

Selected Publications

Van Dyke, E.S., B.C. Jonasson and R.W. Carmichael.  2000.  Smolt monitoring program – Comparative survival study.  Annual Report to Pacific States Marine Fisheries Commission.  Contract No. 00-37.

Van Dyke, E.S., M.L. Keefe, B.C. Jonasson and R.W. Carmichael.  1999. Aspects of life history and production of juvenile Oncorhynchus mykiss in the Grande Ronde River basin, Northeast Oregon.  Summary report to Bonneville Power Administration. Project No. 92-026-04.

Van Dyke, E.S., B.C. Jonasson, M.L. Keefe and R.W. Carmichael.  1999.  Smolt monitoring program – Comparative survival study.  Annual Report to Pacific States Marine Fisheries Commission. Contract No. 99-025.

Jonasson, B.C., J.V. Tranquilli, P. Sankovich, E.S. Van Dyke, M.L. Keefe, and R.W. Carmichael. 1999.  Investigations into the early life history of naturally produced spring chinook salmon in the Grande Ronde River basin.  Annual Report to Bonneville Power Administration. Project No. 92-026-04.

Van Dyke, E.S., M.L. Keefe, and R.W. Carmichael.  1998.  Smolt monitoring program – Comparative survival study.  Annual Report to Pacific States Marine Fisheries Commission. Contract No. 98-050.

Keefe, M.L., J.V. Tranquilli, P. Sankovich, E.S. Van Dyke, Jonasson, B.C., and R.W. Carmichael. 1998.  Investigations into the early life history of naturally produced spring chinook salmon in the Grande Ronde River basin.  Annual Report to Bonneville Power Administration. Project No. 92-026-04.

Alyssa G. Reischauer, 1.0 FTE

Assistant Project Leader

Oregon Department of Fish and Wildlife

211 Inlow Hall, One University Boulevard

La Grande, OR 97850

Education and Experience

B.A., Biology, Carleton College, Northfield, MN, 1991

Catalina Marine Science Semester, University of Southern California, Spring  1990

M.S., Fisheries, School of Fisheries, University of Washington  1996

1994–1996
Research Assistant, Fisheries Research Institute, University of Washington, Seattle, WA and Aleknagik, AK.

1997–1999
Fisheries Biologist, Wenatchee National Forest, Lake Wenatchee/Leavenworth Ranger Districts, WA.

2000–2001
Database Assistant, Natural Resources Information Management Program, Oregon Department of Fish and Wildlife, Corvallis, OR.

1999
Crew Leader/Biological Technician, Coastal Inventory and Mapping Project, Glacier Bay National Park, Gustavus, AK.

2001–Present
Assistant Project Leader, Chinook and Steelhead Early Life History Project, Oregon Department of Fish and Wildlife, La Grande, OR. Participates in collection, analysis, and summary of data on abundance, survival, and alternate life history tactics of chinook salmon parr and abundance and age structure of O. mykiss.  Assists in writing manuscripts, and reports.  Assists in planning and coordination of summer parr field activities in the Grande Ronde and Imnaha River subbasins.  Oversees the work of seasonal personnel.  Presents project results at professional meetings and to public interest groups.

James R. Ruzycki, 0.2 FTE
Fisheries Biologist/Project Leader

Oregon Department of Fish and Wildlife, 211 Inlow Hall, EOU 

La Grande, OR 97850
B.S., Zoology, University of Wisconsin (1985)

M.S., Aquatic Ecology, Utah State University (1995)

Ph.D., Fisheries, Utah State University (expected in 2002)

Current Position: Fisheries Biologist/Project Leader, Oregon Department of Fish and Wildlife, NE Region Fish Research & Development Program (2000 to present).

I’m currently a project leader for two research projects with ODFW. In the Grande Ronde and Imnaha River basins I investigate steelhead hatchery supplementation and fisheries restoration as part of the Lower Snake River Compensation Program. In the John Day River basin I investigate chinook escapement and survival. For each of these projects I’m responsible for overseeing the collection of scientific data using a variety of field and laboratory approaches. I supervise two permanent and four seasonal personnel, conduct associated data analyses, prepare technical reports and presentations, and participate in ESA permitting and reporting. I have extensive experience collecting scientific specimens in the field including snorkeling, seining, trapping, and electrofishing techniques. I also have considerable experience analyzing complex data sets including statistical analyses.

Recent Position: Fisheries Biologist, National Park Service, Yellowstone National Park, WY. (1997-2000).

Wilson, W.A., J.R. Ruzycki, B.C. Jonasson, and R.W. Carmichael. 2000. John Day Spring Chinook Salmon Escapement and Productivity Monitoring. Annual Report to Bonneville Power Administration. Project No. 98-016-00.

Ruzycki, J.R., W.A. Wurtsbaugh, and C. Luecke. In press.  Salmonine consumption and competition for endemic prey fishes in Bear Lake, Utah-Idaho. Transactions of the American Fisheries Society.

Ruzycki, J.R., and W.A. Wurtsbaugh. 1999. Ontogenetic habitat shifts of juvenile Bear Lake sculpin. Transactions of the American Fisheries Society. 128:1201-1212.

Ruzycki, J.R., W.A. Wurtsbaugh, and C. Lay. 1998. Reproductive ecology and early life-history of a lacustrine sculpin, Cottus extensus (Telostei, Cottidae). Environmental Biology of Fishes. 53: 117-127.

Ruzycki, J.R., and D.A. Beauchamp. 1997. A bioenergetics modeling assessment of the lake trout impact in Yellowstone Lake. Pages 127-133 in R. Hamre, editor. Wild Trout VI. Trout Unlimited and Federation of Fly Fishers, Fort Collins, CO.
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�PAGE \# "'Page: '#'�'"  ��Describe the relationships and links between your project and other relevant projects in progress in the Columbia Basin and elsewhere. Put your project into the context of other work funded under the FWP and specifically those in the subbasin summary. Indicate how your proposed project relates to, complements or includes collaborative efforts with other proposed or existing projects, specifically those in your watershed, subbasin and province. If the proposed project requires or includes collaboration with other agencies, organizations or scientists, or any special permitting to accomplish the work, such arrangements should be fully explained. If the relationship with other proposals is unknown or is in conflict with another project, note this and explain why.





This will supplement the Relationships table in Section 3, so some information may be repeated. You have more space here than in Section 3 to detail the relationships.





This is intended to supplement the Relationships table in Section 3; consequently, some information will need to be repeated from Section 3. This narrative section allows for more detailed descriptions of relationships, includes non-interdependent relationships, and includes those not limited to BPA funded projects.


�PAGE \# "'Page: '#'�'"  ��If the project is continuing from a previous year, the history must be provided. This includes projects that historically began as different numbered projects (identify number and short title). For continuing projects, the proposal primarily will be an update of this section. List the following: a) project numbers (if changed), b) adaptive management implications, c) project reports and technical papers, d) years underway, e) summary of major results achieved	, f) past costs





Special attention should be paid to reporting of results (expand upon the results reported in Past Accomplishments, Part 1, Section 2.) Reporting of results needs to be more than a list of tasks accomplished. Wherever possible, results need to be provided in biological terms quantifying benefits and other impacts to fish and wildlife. If applicable, show results in graphs, tables, or maps. 





Include an objective assessment of factors that may limit success of the project. Discuss any particularly novel methods offered by the proposed project. 


�PAGE \# "'Page: '#'�'"  ��Present your project’s objectives, tasks, and methods to implement the tasks (use and expand upon the objectives and tasks from the Budget Tables in Part 1, Sections 4-7). Present these in a numbered list; outline and link by objective, task, and method; and group appropriately to avoid redundancy. See instructions document for thorough definitions and examples of “objectives” and “tasks and methods”


�PAGE \# "'Page: '#'�'"  ��All major facilities and equipment to be used in the project should be described in sufficient detail to show adequacy for the job. For example, the proposal should indicate whether there are suitable (based on contemporary standards) field equipment, vehicles, laboratory and office space and equipment, life support systems for organisms, and computers. Any special or high-cost equipment to be purchased with project funds should be identified and justified. This section should be no longer than a few paragraphs. 


�PAGE \# "'Page: '#'�'"  ��If you have key technical documents specifically related to your project that are cited and summarized in the proposal form, you may submit these as background reference material for the peer reviewers. These documents may include project master plans, monitoring and evaluation plans, watershed assessments, and peer-reviewed articles generated from the project. Please note that the ISRP and CBFWA will evaluate your project based on the proposal, so all critical information needs to be provided in the proposal. Simply referencing another document will not suffice. It is not necessary to send in cited material, but if you do, please note it in the right hand column of the reference table. If your document is available on the web (e.g. through BPA) please provide the web address. If not on the web, but you have an electronic copy please provide it by email or disc. If only available in hard copy send that. Send all materials to the same address you send the proposal form.


�PAGE \# "'Page: '#'�'"  � Include names, titles, FTE/hours, and one-page resumes for key personnel (i.e. principal investigators, project managers, key subcontractors), and describe their duties on the project. Emphasize qualifications for the proposed work. Resumes should include name, degrees earned (with school and date), certification status, current employer, current responsibilities, list of recent previous employment, a paragraph describing expertise, and up to five recent or especially relevant publications or job completions.


�PAGE \# "'Page: '#'�'"  ��Thank you for completing the form. Email this document and Part 1 per instructions.
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