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a. Abstract 

Unlike other species of Pacific salmon (Oncorhynchus spp.) anadromous steelhead trout (O. mykiss) naturally exhibit varying degrees of iteroparity (repeat spawning).  Wild steelhead populations have declined dramatically from historical levels in the Columbia and Snake rivers, for many reasons.  Successful steelhead iteroparity involves downstream migration of kelts (post-spawned steelhead) to estuary or ocean environments. Thousands of kelts (i.e., post-spawned fish) of ESA-listed steelhead populations in the Snake R. and mid-Columbia River are incidentally collected each spring (March - June) in the juvenile collection systems throughout the Snake and Columbia rivers.  Despite the thousands of kelts that attempt out migration, results from a telemetry study we conducted in 2001 suggest that only a small percentile successfully navigated the FCRPS. For this life history expression (iteroparity) to persist in future steelhead runs, successful methods must be developed to augment the current rate of iteroparity among Snake and Columbia River steelhead populations.  
One novel and increasingly promising approach to effectively increase natural production of wild steelhead is to capitalize on their iteroparous life history strategy by applying steelhead kelt reconditioning. Reconditioning promotes re-initiation of feeding for kelts, enabling them to survive and rebuild energy reserves required for proper gondal development and successful iteroparous spawning. Kelt reconditioning techniques were initially developed for Atlantic salmon Salmo salar and sea-trout S. trutta.  This steelhead reconditioning project, initiated in 2000, identifies and systematically tests several kelt reconditioning approaches.  

During 2000, the Yakama Nation collected 512 wild kelts (38% of the subbasin’s run that year) at the Chandler Juvenile Migrant Fish Facility (JMFF) for reconditioning at Prosser Hatchery, producing a first year re-spawner rate of 10% (51/512).  Subsequently, kelt rematuration rates in captivity more than doubled from 10% (2000) to 21% (2001).  During 2002, assessment of short-term (4-8 weeks) reconditioning treatment resulted in 83% survival of steelhead kelts, with the majority of fish reinitiating feeding, as evident by their weight gaining in captivity.  These kelts were tagged and transported around the hydro systems (released below Bonneville Dam) to naturally rear (presumably) in estuarine and/or ocean environments.

Based on the successes of this project to date, this proposal identifies and systematically tests several scenarios to conclusively evaluate steelhead kelt reconditioning in the Columbia Basin.  Project objectives include statistical evaluation of the effects of the following scenarios on enhancement of wild steelhead iteroparity: (1) directly transporting kelts around the Columbia basin hydro system, (2) assessment of short-term reconditioning followed by transportation, (3) an assessment of long-term reconditioning (6 month) and release for natural spawning, and (4) an assessment of long-term reconditioning followed by captive spawning.  Furthermore, an assessment of the impact of reconditioning regarding homing fidelity, gonad development, and egg and progeny viability will be conducted.  Data will be obtained from different source populations, replicated to account for inter-year variability, and compared to one another to identify the most effective method to bolster depleted stocks of steelhead via repeat spawners.  Tests will be conducted a numerous sites throughout the Columbia and Snake river basins (Yakima, Umatilla, Imnaha, and Grande Ronde populations).  This project also shares costs, objectives, and data with different funding and research agencies.
b. Technical and/or scientific background
Populations of wild steelhead (O. mykiss) have declined dramatically from historical levels in the Columbia and Snake rivers (Nehlsen et al. 1991; NRC 1996; US v. Oregon 1997; ISRP 1999).  Steelhead in the upper Columbia River have been listed as endangered under the Endangered Species Act (ESA) since 1997
.  Those in the Snake River have been listed as threatened, also since 19971, and those in the mid-Columbia were listed as threatened in 1999
.  Causes of the declines are numerous and well known (TRP 1995; NPPC 1986; NRC 1996; ISRP 1999), and regional plans recognize the need to protect and enhance weak upriver steelhead populations while maintaining the genetic integrity of those stocks (NPPC 1995).  

Iteroparity rates for 0. mykiss were estimated to be as high as 79% for 1994-96 in the Utkholok River of Kamchatka (MSU undated; M. Powell UI and R. Williams, ISRP pers. comm.)  Reported iteroparity rates for Columbia basin steelhead  (O. mykiss) were considerably lower, due largely to high mortality of downstream migrating kelts at hydropower dams (Evans and Beaty 2001; Evans In Review), and to inherent differences in iteroparity rate based on geography (e.g. latitudinal effect, inland distance effect; Withler 1966; Bell 1980; Fleming 1998). Chilcote (In Review) reported iteroparity rates ranging from 3 to 21% for 12 different steelhead populations in Oregon.  Outmigrating steelhead averaged 58% of the upstream run in the Clackamas river from 1956 to 1964 (Gunsolus and Eicher 1970).  Recent estimates of repeat spawners in the Kalama River (tributary of the unimpounded lower Columbia River) have exceeded 17% (NMFS 1996), which is the highest published iteroparity rate we found from the Columbia River Basin.  Farther upstream, 4.6% of the summer run in the Hood River (above only one mainstem dam) are repeat spawners (J. Newton, ODFW, pers. comm.).  Iteroparity for Klickitat River steelhead was reported at 3.3% from 1979 to 1981 (Howell et al. 1984).   Summer steelhead in the South Fork Walla Walla River exhibited estimated 2% to 9% iteroparity rates (J. Gourmand, ODFW, pers. comm.), whereas repeat spawners composed only 1.6% of the Yakima River wild run (from data in Hockersmith et al. 1995) and 1.5% of the Columbia River run upstream from Priest Rapids Dam (L. Brown, WDFW, unpubl. data).  

Before repeat spawners can contribute to population growth and diversity, they must first successfully emigrate to the ocean following spawning.  The term “kelt” has been used to describe this unique post-spawned life history phase within salmonids.  In 1999 and 2000 ultrasound and visual methods were developed – with funding from the U.S. Army Corp of Engineers – to accurately distinguish kelts from pre-spawners (mature steelhead).  The ultrasound technique provided a highly accurate and non-invasive way to enumerate the abundance of kelts in the Snake and Columbia rivers basins (Evans and Beaty 2000).  Using this technique, kelts were enumerated at Little Goose bypass (1999 and 2000), Lower Granite bypass (2000 and 2001), and at McNary and John Day bypass facilities (2001).  Data revealed that approximately 2,780 wild kelts, equivalent to ca. 23% of the 1999 wild run above Lower Granite Dam, passed through the juvenile collections systems at Lower Granite and Little Goose dams in the spring of 2000 (Evans and Beaty 2001).  In 2001, an estimated 4,695 wild kelts, equivalent to ca. 21% of the 2000 wild run, passed through Lower Granite bypass facility alone. The majority of kelts were considered to be in good morphological condition (> 70%) and the kelt run was predominately female (> 80%). A trend toward higher post-spawn female survival, relative to males, is consistent with data from other iteroparous populations (Withler 1966, Leider et al. 1986, Jonsson et al. 1991, Fleming 1998, and Niemela et al. 2000).

Despite the thousands of kelts that arrived at Lower Granite Dam in 2001, very few successfully navigated the Columbia Basin hydrosystem. Radio telemetry indicated that only 24.1% (51/212) and 3.8% (8/212) of tagged kelts released from Lower Granite Dam tailrace reached the Ice Harbor Dam tailrace and Bonneville Dam tailrace, respectively.  In addition to kelt mortality associated with dam passage, depleted energy stores and physical deterioration likely constituted important mortality, compounded by fasting for many months during migration and spawning (Love 1970).  However, based on the above suite of empirical iteroparity estimates, steelhead kelts in impounded areas of the Columbia basin should have significantly greater likelihood of exhibiting iteroparity if they are reconditioned in captivity, relative to their current inability to exhibit iteroparity in the impounded, post-development Columbia Basin

Kelt reconditioning promotes re-initiation of feeding, thereby enabling them to survive and rebuild energy reserves required for proper gondal development and iteroparous spawning.  Kelt reconditioning techniques were initially developed for Atlantic salmon Salmo salar and sea-trout S. trutta. A review of these studies and those applicable to steelhead kelts are summarized in Evans et al. 2001. This project identifies and systematically tests several kelt reconditioning approaches.  

The four possible research scenarios, listed below, are described in detail within this proposal, and are consistent with the originally designed kelt reconditioning project (BPA 2000-17 and the projects 5-yr plan):

1)
Immediate downstream transport and release below Bonneville Dam (i.e. no reconditioning).

2)
Short-term (2 mo.) reconditioning, then downstream transport and release below Bonneville Dam.

3)
Long-term (ca. 10 mo.) reconditioning and release near the collection point for upstream migration to natural spawning areas.

4)
Long-term reconditioning and captive spawning.

Initial evaluation of the first three research scenarios successfully occurred with Yakima River steelhead from 2000 to the present (Evans et al. 2001).  This initial research determined that steelhead kelts can successfully: 1) re-initiate feeding in captivity; 2) survive following reconditioning and release back into the Columbia River system; 3) return as repeat spawners to their natal streams; and 4) spawn for a second time in their natal streams with wild non-reconditioned fish from the same population.   

As proposed, this project will now logically examine: 1) whether these results are repeatable across geography (among different populations on a system-wide scale) and among years; and 2) whether homing and/or egg and progeny viability are negatively affected by kelt reconditioning.

This proposal presents rigorous methodology for the crucial next step in empirically evaluating enhancement of iteroparity in steelhead: increased scope, greater geographic representation, and needed experimental replication and control relative to initial project research completed during 2000 and 2001.  This proposal provides an annually replicated and controlled experimental design to evaluate the ability of the above four research scenarios) to enhance steelhead iteroparity on a system-wide geographic scale. This proposal then also adds new research objectives to evaluate potential effects of kelt reconditioning on homing fidelity and egg and progeny viability, relative to wild, virgin spawning steelhead.  Based on results of this three year experiment, informed, conclusive decisions will be made regarding which of the above scenarios would most favorably increase natural production in wild Columbia Basin steelhead populations.

In conclusion, the technological and scientific backgrounds presented above strongly support the expansion of this project from the successful pilot-study scale of reconditioning to the systemwide application presented in this proposal (See Parts 1 and 2, relevant sections). Kelt reconditioning, if adequately assessed and proven, can help address one of the central questions common to all salmonid restoration efforts in the Columbia Basin; how do we rebuild wild/natural populations expeditiously in ways that preserve the genetic and life history diversity within?

c. Rationale and significance to Regional Programs  

The rationale supporting this proposal is justified because “The contribution of steelhead kelts to stock productivity has not been adequately studied in the Columbia basin, and reascension success of the FCRPS dams by steelhead attempting to repeat spawn is essentially unknown” (Systemwide GAP Analysis Document, Section 2.3 Hydro-corridor Actions, Pg. 19).  This kelt reconditioning project directly addresses this and other important related issues.  This project also directly addresses two major Hydro-corridor Actions: 1) Adult fallback, dam passage, survival and delay; and 2) Adult homing/straying, and outmigration of steelhead kelts (Systemwide GAP Analysis Document, Section 2.3 Hydro-corridor Actions, Pg. 19).

Furthermore, extensive justification for this steelhead kelt reconditioning program (BPA 2000-017) is represented by the following suite of RPAs and program support items, as presented in the Future Needs Priorities for the Mainstem/Systemwide Fish and Wildlife Program Solicitation document:

	Source
	BiOp Prioritya
	FWPa
	Actions toward:

	Passage Program Summary
	1
	1
	RPA 45-49, 186: Tag and evaluate wild fish to determine the effects of transportation on wild fish 

	Passage Program Summary
	3
	3
	RPA 45-49, 186: Rear fish for transportation research if deemed feasible 

	Passage Program Summary
	1
	1
	RPA 50, 85, 87, 192, 193, 199, 1194: Install adult PIT tag detectors develop less intrusive detection in bypass systems, continue to investigate new tagging techniques

	Passage Program Summary
	1
	1
	RPA 50, 85, 87, 192, 193, 199, 1194: Use PIT-tag data to evaluate transport benefits, conversion rates, SAR’s..

	Passage Program Summary
	1
	1
	RPA 50, 85, 87, 192, 193, 199, 1194: Continue supporting  and improving operations an maintenance of PIT-tag detection systems and data

	Passage Program Summary
	1
	1
	RPA 107: Evaluate adult survival, identify causes of unaccounted losses, and implement corrective actions

	Passage Program Summary
	2
	2
	RPA 107: Employ radio tracking to evaluate detection capabilities of the adult PIT detection systems from one dam to another as needed for quantifying unaccounted losses

	Regional Support Program Summary
	-
	1
	Non-BiOp regional support action: Continue to support the comprehensive Wy-Kan-Ush-Mi Wa-Kish-Wit to restore anadromous fishes to the rivers and streams that support the historical cultural and economic practices of the tribes. 

	a: 1=needs immediate implementation; 2=immediate implementation desired; 3=action can wait for FY05 provincial review


This project also augments and directly addresses the following RPA’s.

	RPA Number
	Description

	NMFS RPA 107
	Assess survival of adult salmonids migrating upstream, and factors contributing to unaccountable losses. 

	NMFS RPA 118
	Assess and enumerate indirect prespawning mortality of upstream-migrating fish.  Enhance efforts to enumerate unaccountable losses in mainstem reservoirs.

	NMFS RPA 184
	Develop an hatchery research, monitoring, and evaluation program to determine whether hatchery reforms reduce the risk of extinction for salmonids

	RA 994
	Assess adult salmon passage success in the lower Columbia and Snake rivers, evaluate specific flow and spill conditions, and evaluate measures to improve adult anadromous passage.

	RM&E Topics:
	General migration corridor; NMFS RPAs and RAs: 85,87,190, 193

	
	Adult homing/straying: Outmigration of steelhead kelts;  NMFS RPAs and RAs: 37,109,199,1224,2000    


	Corps Action 109
	The Corps shall initiate an adult steelhead downstream migrant (kelt) assessment program to determine the magnitude of passage, the contribution to population diversity and growth, and potential actions to provide safe passage (Draft Mainstem/Systemwide Artificial Production Program Summary, pg 24).


d. Relationships to other projects 
For additional detail for this section, also Part 1 Section 3 of 10 in this proposal: “Relationship to other projects”.

This project will have immediate relationships to the Yakima/Klickitat Fisheries Project (YKFP), the Corps’ kelt identification, enumeration, survival, and transportation program, and to steelhead enhancement programs being conducted on the Okanogan, Umatilla, Imnaha, and Grande Ronde rivers.

The YKFP will contribute facilities, equipment, and some staff already employed at Prosser Dam and at Prosser Hatchery to this project.  Much of the prior kelt reconditioning research associated with this project was conducted on the Yakima River – utilizing YN staff aquaculture expertise – and we proposed to continue this beneficial relationship from 2003-2005. 
Past and proposed kelt reconditioning research (This project, BPA 2000-17) supplements kelt work currently being funding by the U.S. Army Corps of Engineers (Walla Walla District).  Both projects will evaluate transportation as a way of increasing kelt passage, survival, and iteroparity rates.  Corps funded kelt research will also provide quantitative data on locations, timing, and potential collection numbers of kelt for reconditioning.  In addition, Corps funded research will generate the first basin-wide estimate of repeat spawning rates in the Snake River within the last 60 years.  Because staff from CRITFC are involved with both these projects communication and information can be easily and effectively distributed. 

The Colville Tribe is proposing to conduct a kelt reconditioning project in 2003, based on the long-term reconditioning methods developed by this project in previous years. CRITFC and YN staff will provide the Colville project with ultrasound and kelt reconditioning expertise.  This study will help evaluate the success of reconditioning for endangered upper Columbia River steelhead stocks and will replicate components of this proposed study design (BPA 2000-17) for 2003.

Components of this study (specifically Objective 4) will also benefit from collaboration at the new CRITFC/UIBPA Center for Applied Fish Science at Hagerman Idaho (BPA 2001-046-00), where additional expertise on fish culture and nutrition is provided.

Finally, this kelt reconditioning program may potentially benefit all wild steelhead populations and/or stocks that reconditioning is applied to in the future, if the evaluation of research during FY03 to FY05 and regional scientific review conclude that subsequent implementation is warranted. 

e. Project history  

Initially the primary objective of this project was test the feasibility of reconditioning post-spawned wild steelhead in a captive environment, allowing them to naturally spawn a second time.  Research was geared toward identifying the most effective treatments (to control pathogens), feeding regimes (to stop the senescence process), and diets.  During spring of 2000, the Yakama Nation (with funding provided from this project) collected 512 wild kelts (38% of the subbasin’s run that year) at the Chandler Juvenile Migrant Fish Facility (JMFF) for reconditioning at Prosser Hatchery.  Upon capture, a high proportion of these kelts were emaciated, exhibited de-scaling and compromised mucosal layers, and were clearly malnourished.  However, at the conclusion of the experiments (~240 days from capture), 91 fish (18%) had survived.  Ultrasound examination – to determine sex and reproductive development– determined that 87 (96%) of 91 specimens were female, and we estimated 51 fish (10% of the total collected) had rematured and were ready to spawn a second time.  Although rematuration rates were lower than we originally hoped, the feasibility of reconditioning summer steelhead had been confirmed.  

Significant progress was made regarding feeding approaches, overall survival, and rematuration rates during the 2001 research endeavor.  Overall kelt survival rates in captivity more than doubled from 18% (2000) to 39% (2001) and rematuration rates more than doubled from 10% (2000) to 21% (2001).  We were able to effectively control outbreaks of Salmincola spp., a parasite that can inhibit oxygen uptake in fish by attaching to the gill lamella.  We developed a feeding regime that increased survival rates and rematuration rates; by providing kelts with krill as a starter food (to initiate the feeding process), followed by a more nutrient rich pellet for growth and gamete development.  In addition, preliminary data on the homing fidelity of reconditioning kelts was documented using radio telemetry.  Results indicated that 12 of 20 recondition steelhead released in the McNary Dam forebay successfully navigated back up the Yakima River and individual fish were subsequently observed spawning with non-reconditioned (i.e., virgin spawners) fish in Satus and Toppenish creeks (major summer steelhead spawning tributaries within the Yakima watershed).  

In 2001, CRITFC personnel produced a draft genetic benefits/risks analysis report, which will be completed as in partial fulfillment of the upcoming partial 3-step process.  Personnel on this project recognize that kelt reconditioning is only one component of multifaceted stock-specific and basin-wide wild steelhead restoration efforts.  It is understood and appreciated that without suitable habitat and environmental conditions for spawning and rearing kelt reconditioning cannot achieve it’s full restorative potential. 

Preliminary results from 2002 are also showing dramatic increases in success of the kelt reconditioning program: 81% kelt survival (162 of 200) was documented in a 4 week short-term reconditioning experiment at the Prosser Hatchery, of which 24% of 162 kelts (38) gained weight after re-initiating feeding in captivity.  These 162 fish were transported around the hydro system and released downstream from Bonneville Dam to evaluate short-term reconditioning’s contribution to iteroparity while factoring out direct hydro system mortality. As of May 28, 2002, 8 week (short-term) reconditioning treatment resulting in 85% kelt survival (170 of 200 fish). One hundred and seventy kelts from the 8-week reconditioning treatment were transported around the hydro system and released downstream from Bonneville Dam.  Nearly 96% of the 170 surviving kelts reinitiated feeding and 66% gained weight in captivity during the 8-week reconditioning experiment.  

Our companion kelt study on the Snake River (Corps funded) has also generated valuable data.  In addition to providing information on abundance and evaluating the use of transportation to augment repeat spawners, data on the downstream survival of kelts in the mainstem hydro system were gathered (results presented in Part 2, section b: Technical and/or scientific background).  Furthermore, data on kelt run timing, age structure, sex ratio, and morphology were produced (Evans 2002 in review).  In 2002, project personnel are also collecting fin clips (for DNA analysis) and scales (to determine age) from kelts captured at Lower Granite Dam to evaluate quantitative life history differences between kelts originating from different spawning aggregates.  If observed, a quantitative difference in age structure, in concert with genetic differentiation, could be used to assess conservation priorities for naturally spawning steelhead stocks. Data are currently also being collected to estimate current repeat spawning rates of Snake river steelhead populations via the PIT-tagging of kelts and the subsequent interrogation of tags at mainstem fishways (e.g. Bonneville, McNary, and Lower Granite Dams).

f. Proposal objectives, tasks and methods
Objective 1: Evaluate effects of directly transporting steelhead kelts around the hydro system on enhancement of iteroparity.

Rational: Given the high mortality rates of emigrating kelts observed via radio telemetry in the Snake River (Evans In Review), iteroparity may simply be augmented by transporting kelts around the hydro system, thereby increasing the number of kelts that successfully reach the marine environment. The purpose for this objective is replicate kelt transportation studies currently being conduction at Lower Granite Dam (Corp funded) and to evaluate if transportation can increase currently low repeat spawning rates (< 2%) on the Yakima River. 

Task 1.1: Collection of wild steelhead kelts  

Methods - After natural spawning in tributaries of the Yakima River, a proportion of the steelhead kelts that encounter Prosser Dam facility during emigration are diverted into an irrigation channel that directly connects to the Chandler Juvenile Evaluation Facility (CJEF).  The CJEF – like other bypass facilities in the Columbia Basin – diverts migratory fishes away from the dam to reduce mortality.  We will use the CJEF to capture kelts by manually netting specimens that arrived on the separator (a fish separation device intended to capture juvenile salmonids). Yakama Nation staff monitored the Chandler bypass separator 24 hours a day and all adult steelhead will be dipnetted off the separator and placed into a water-lubricated PVC pipe slide directly connected to a temporary 20’ (l) x 6’ (w) x 4’(h) holding tank containing well water.
Task 1.2:  In-processing (same methods applies to all objectives where kelts are collected for this proposal).

Methods – Following collections, specimens will be placed in 190-L sampling tank, where they will be anesthetized in a buffered solution of tricaine methanesulfonate (MS-222) at 60 ppm.  Ultrasound assessment may be needed to determine the spawning status (pre-spawn or kelt) of adult steelhead being considered for reconditioning tests.  Kelts will be accurately identified to avoid the “reconditioning” of pre-spawned fish.  Ultrasound determines the maturation status of an individual based on the size, location, and echogenity (tissue density) of the gonads.  The need for ultrasound examination will depend on the study objective, the location, and separation of gonad developmental rates among summer steelhead populations collected for this project.  If the possibility of erroneously classifying a pre-spawner as a kelt exists, then ultrasound techniques will be used to eliminate such errors.  However, in some locations (e.g., Prosser Dam) visual methods, which have been previously validate with ultrasound, are sufficient.  Additional details regarding the methods of ultrasound examination and visual assessment of spawning status can be found in Evans and Beaty (2000, 2001).   

Following kelt identification, we will collect data on fish length (cm fork length), weight (kg), condition (good, fair, poor), coloration (bright, intermediate, dark), and presence or absence of physical anomalies (e.g., head burn, eye damage).  Passive Integrated Transponder (PIT) tags will then be implanted in the fish’s pelvic girdle for identification. Only kelts determined to be in good or fair morphological condition will be used in the reconditioning program because research at Prosser Hatchery in 2000 indicated that those kelts collected in poor morphological condition did not survive captivity (Evans et al. 2001). 

Task 1.3: Transport Yakima River steelhead kelts around the FCRPS and release them downstream from Bonneville Dam.

The first two hundred kelts arriving at the CJEF will be in-processed and placed in a 20’(l) x 20’(w) x 4’(h) circular tank.  Once collected, these fish will be placed in an adult salmonid transportation truck and released directly below Bonneville Dam.  

The installation of adult PIT detectors at Bonneville Dam and McNary Dam will provide an effective method to monitor returning fish.  Futhermore, the YN examines all adult salmonids returning through the East fishway of Prosser Dam and all adults that return to Rosa Dam (also Yakima River).  Thus, returning individuals from this experiment can be interogated at four separate locations following release; Bonneville Dam, McNary Dam, the East fishway at Prosser Dam, and the fishway at Rosa Dam.  Two factors that could influence our ability to monitor returning fish are PIT tag retention rates and PIT tag detection efficiencies at the dams.  We anticipate the vast majority (>95%) of PIT tagged kelts will retain their tags throughout the study peroid based on retention rates of kelts held for long-term reconditioning at Prosser in 2000 and 2001.  PIT tag detection efficiencies at Bonneville Dam fishways were recently estimated to be > 90% (Earl Prentice, NMFS, pers. comm.).  Data on detection efficiencies are currently unavailable for McNary but will likely be comparable to Bonneville Dam. The East fishway at Prosser Dam collects >30% of Yakima River bound adult migrants (Joe Blodgett, YN Fish Biologist, pers. comm) and all individuals crossing Prosser Dam are visual counted via video equipment.  At Rosa Dam all adult salmonids can be interogated for PIT Tags, however, we will not know what proportion of the returing experimental fish will enter the upper Yakima River relative to downstream tributaries (e.g., Satus Creek and Toppenish Creek). Lastly, we suspect the majority of PIT tagged fish will return to the Columbia River during the fall (August to November) migration, however, it is likely some fish will need an additional year to undergo gonadal recrudescence.  Thus, a final evaluation of directly transporting kelts around the hydro system may not be complete until the year following the fish’s initial release. 

The U.S. Army Corp is currently funding a CRITFC research project to assess kelt transportation on the Snake River.  In this study, upwards of 1,000 kelts were transported from Lower Granite Dam (LGR) to the Bonneville Dam tailrace.  An additional 1,000 kelt were released in-river below LGR to serve as a control group.  We proposed to continue this study in 2003 on the Snake River and, if funded by the Corp, data would serve as a replicate for Yakima River kelts.  
Objective 2: Evaluate effects of short-term kelt reconditioning and subsequent transportation of kelts around the hydro system on enhancement of iteroparity.  Short-term reconditioning will be performed using fish from collection facilities within the Yakima, Umatilla, Grande Ronde, and Imnaha river basins.

Rationale:  

Successful expression of iteroparity in steelhead may not simply be limited by post-spawning downstream passage through the mainstem corridor by also by starvation. Thus, short-term conditioning may augment iteroparity rates by initiating the feeding process and allowing kelts to naturally undergo gonadal recrudescence in the estuary and marine environments.  Short-term reconditioning is defined as the period of time needed (8 weeks) for kelts to initiate post-spawning feeding, followed by the transportation of kelts around mainstem hydroelectric facilities for release and natural rearing and rematuration in the Pacific Ocean.  

Task 2.1: Collection of wild steelhead kelts  

Short-term reconditioning will be performed using fish from collection facilities within the Yakima, Umatilla, Grande Ronde, and Imnaha river systems. 

Task 2.2: In-processing (same as described under task 1.2)

Task 2.3: Short-term reconditioning and release below Bonneville Dam. 

Methods - Kelts collected at all locations (listed within task 2.1) that are determined to be in either good or fair condition will be placed in a single 20' dia. circular tank.  The total number of kelts annual available for short-term reconditioning and transporation will depend on total collection size at each location.  If more than 200 kelts are available for reconditioning at each location, 50% were be allocated to assess short-term trials. If less than 200 kelts are aviable during a given year at each location then all will be maitained for long-term reconditioning (see Objective 3).  

Once kelts are collected and in-processed, feeding is initiated using krill as the sole diet item, based on success of this diet at reinitiating feeding in captivity during prior year’s evaluations (Evans et al. 2001).  Feeding will continue for 8 weeks.  Survival of kelts will be monitored and recorded during the 2 treatment months.  Mortalities will be available for a wide-ranging pathogenic screen, performed by fish health specialists. After the 8 week feeding treatment, all kelts will be re-weighed, their condition noted, PIT tags checked, and they will be sorted into two groups based on weight: 1) Feeders (kelts which gained or maintained the same body weight to indicated that they reinitiated feeding in captivity; and, 2) Non-feeders (kelts which lost weight, indicating that they did not feed, or were not able to convert feed into weight gain).  The PIT tag data from each treatment group will be submitted to the PITAGIS database (PSMFC).  Finally, all surviving kelts in this 2-month short-term feeding trial will then be trucked downriver and released downstream from Bonneville Dam permitting access to the estuary and marine environments, and the opportunity to further recondition, remature, and return as iteroparous spawners.  Assessment and monitoring of individual fish returning to spawn a second time following short-term reconditoin is the same as that described under task 1.3.
Objective 3: Evaluate effects of long-term kelt reconditioning and subsequent release for natural spawning on enhancement of iteroparity.
Rationale-

We made substantial progress in 2001 regarding long-term kelt reconditioning, achieving an overall survival of 39% and rematuration of 21% (i.e., one out of every 5 kelts collected were ready spawn again the next year).  However, the applicability of long-term reconditioning must be evaluated at different locations (i.e., with different source populations) in order to adequately assess it’s ability to augment iteroparity rates. Long-term reconditioning will be performed using fish from collection facilities within the Yakima, Umatilla, Grande Ronde, and Imnaha river basins.

oHow
Task 3.1: Collection of wild steelhead kelts (same as described under task 2.1)

Task 3.2: Kelt in-processing (same as described under task 1.2)
Task 3.3: Evaluate effectiveness of long-term-term steelhead kelt reconditioning
Methods – Following in-prossessing, 50% of total available kelts at each location site will be retained and will be subjective to long-term (> 6 month) reconditioning.  However, if kelt availability at a given collection site in a given year is limiting (< 200), long-term reconditioning will take priority over short-term.  Long-term reconditioning involves captive holding and feeding in 20’ circular tanks (max. 200 kelts/tank).  Fish will be reared in pathogen-free well water (ca. 14°c) draining at 100 gal.(min-1 .  Formalin will be administered five times weekly at 1:6,000 for 1 hour in all reconditioning tanks to help prevent outbreaks of fungus.  Furthermore ivermectin (formulation IVOMEC() will be used to control outbreaks of Salmincola spp (Johnson and Heindel 2000).  Ivermectin will be diluted with saline (1:30) and 3cc injected into the posterior end of the fish’s esophagus using a small (10cc) plastic syringe. If necessary, other propholactic treatment will be adminstered, based on recommenation from qualified fish pathologists. 

Long-term reconditioned fish will be fed krill for the initial 8 weeks (to replicate experimental design for short-term reconditioned kelts) but will then be weaned to a more nutritionally balanced custom pelleted diet to maximize survival and growth (Evans et al. 2001).  The transition feed will consist of a combination of pelleted krill extract and colored dye to resemble flavor and color of krill, while providing a more complete diet found to increase kelt rematuration during previous feed trials (Evans et al. 2001).

Similar to the need to accurately identify kelts, ultrasound is required to assess which of the long-term reconditioned fish have redeveloped mature gonads (Evans et al. 2001).  At the conclusion of the long-term reconditioning trial, data on fish condition, length, weight, and maturation status will be reported and compared to in-processing statistics. In concert with the natural upstream migration timing of summer steelhead, long-term reconditioned kelts will then be released for natural spawning within their natal (if known) tributary, at the site in which they were collected as kelts, or at a downstream location to assess homing fidelity (see task 3.4).  

Task 3.4: Assess homing fidelity of long-term reconditioned kelts 

An important concern of this kelt reconditioning project involves whether it produces any biologically meaningful reduction in homing fidelity of repeat spawners.  An efficient way to address post-reconditioned homing is to track their second spawning migration using radio telemetry after release from the long-term reconditioning program.  It is desirable that the reconditioning program does not significantly effect homing fidelity among reconditioned steelhead kelts if the intent is to use this program to rebuild wild demographics and genetic population structure of steelhead populations.  Past radio telemetry conducted by this project revealed that during 2001, 12 of 20 reconditioned steelhead (60%) tagged with radio transmitters and released in the McNary Dam forebay successfully returned to the Yakima River (A. Evans, pers. comm.).  Our 2001 homing study is also currently being replicated with 2002 reconditioned fish on the Yakima River. 
Methods - This experiment will expand the previous year’s empirical homing fidelty test (2001 - 2002) by using radio-transmittered reconditioned kelts and determining their homing rates and travel times (from release to spawning tributary), relative to inseason homing of virgin spawners.  From 2003-2005 a minimum of 20 kelts and 20 virgin spawners – from each reconditoning location with each year – will be tagged with transmitters to document and evaluate their homing following release.  Release locations for homing tests will depend upon the site in which reconditioning was conducted.  All tagged fish will be released and monitored upstream of the most adject downstream hydroelectric facility (e.g., McNary Dam for Yakima River fish and John Day Dam for Umatilla fish), to minimize potential mortality or metabolic costs associated with dam passage.  Telemetry monitoring of radio-tagged specimens will be performed using several tracking methods (e.g., fixed and aerial), depending on the specific site.  For example, on the Yakima River will be installing Lotek( radio telemetry equipment (in cooperation with the Yakima Nation, the Bureau of Reclamation, and the University of Idaho) during the Fall of 2002.  Thus, radio-tagged fish will be interrogated throughout the mainstem Yakima River (including some major summer steelhead spawning tributaries like Satus and Toppenish creeks).

Specifically, a fixed Lotek radio receiver will be installed immediately downstream from each fish collection site within the Yakima, Umatilla, Grande Ronde, and/or Imnaha river basins. Fixed-wing aerial tracking may be performed at least twice immediately after release of long-term reconditioned kelts, and at least twice during the spawning season.  Aerial tracking provides monitoring on much larger scale than is possible with fixed receivers; specifically, information on homing and wandering can be obtained. In addition to telemetry recievers installed and maintained by project staff, collaboration with the University of Idaho can provide additional data from existing fixed and portable telemetry stations outside the areas mentioned in this task (e.g., Snake, Walla Walla, and upper Columbia river basins).  Thus, kelts located outside the streams where they first spawned may be detected and accounted for. 

Products from this telemetry monitoring will include data on repeat homing fidelity (relative the number of fish tagged from each group) and inseason homing fidelity of virgin spawners, travel time, and information on the successful arrival of reconditioned fish to watersheds where they previously spawned. 

Objective 4: Evaluate effects of long-term kelt reconditioning and captive spawning on: a) gamete and progeny viability; and b) enhancement of iteroparity.

Rationale:
Long-term reconditioning and subsequent captive spawning will provide valuable new quantitative and temporal data on endocrine function and gonadal processes of steelhead rematuration.  Thus, data resulting from this research will greatly contribute to the evaluation of reconditioning.  Objective 4 involves a replicated, controlled experimental design to assess and compare egg and progeny viability of reconditioned vs. virgin (non-reconditioned) spawners.  Ideally this objective will be conducted with wild summer steelhead collected from appropriate sites (e.g., Minthorn Hatchery on the Umatilla River).  However, if ESA-permitting or low run sizes during given years limit the use of wild fish for this research, hatchery fish may be used as surrogates.   

Task 4.1 Perform experiments to determine and compare egg viability from virgin and repeat spawning wild steelhead.

Methods –A minimum of 40 virgin spawners from an appropriate collection site will be collected from long-term reconditioning (collection methods described under 2.3) and spawned again the following year.  Thus, female broodstock will be captively held for 1-2 years in large circular tanks and reconditioned. Prior to actually reconditioning of these virgin spawners, base-line data of fecundity, egg diameter, fertilization rates, and progeny growth and survival will be collected.  Eggs from these fish will be non-lethally extracted, and fertilized using cryopreserved sperm.  This objective will be performed at the CRITFC/UI Collaborative Center for Applied Fish Science. This research will be performed as part of an MS degree research program under the supervision of salmon reproductive biologist Dr. Joseph Cloud at the University of Idaho.  This beneficial arrangement provides highly qualified professional and academic oversight, educational benefits to researchers, and internal peer review of experimental methods and interpretation of results in a highly cost-effective manner.

To avoid stress and handling mortality, blood samples will only be taken from each of the female broodstock every three months during this 1-2 year period to estimate the concentrations of estradiol 17 ß (the major estrogen in salmonids; a secretory product of the granulosa cells of the ovary) and vitellogenin (the yolk precursor lipoprotein secreted from the liver in response to estrogen) in circulation.  These indicators provide important markers to track re-maturation (gonadal recrudescence) of post-spawned reconditioning steelhead. 

Second spawning of the captively held reconditioned female broodstock will be performed in an identical manner to the initial captive spawning, mating the same paired females and cryopreserved males to rigorously evaluate potential effects of reconditioning on egg viability.

Specifically, the following parameters and variables will be measured to assess and compare egg viability from the same experimental fish following virgin and repeat spawning (reconditioned):

1) Proportion of eggs within lots that reach 2-cell/4-cell stages (percent fertilization)

2) Proportion of eggs within lots that successfully complete early development

3) Proportion of eggs within lots that hatch

4) Egg diameter may also be measured and compared between virgin (first) and reconditioned (second) spawnings, to evaluate variability in egg size associated with reconditioning

Where appropriate, parametric and/or non-parametric tests will compare outcomes of experiments performed under Task 5.3
Task 4.2 Perform experiments to determine and compare juvenile fish viability from virgin and repeat spawning wild steelhead.
Methods -  The following parameters and variables will be measured to assess and compare juvenile fish viability from the same experimental fish following virgin and repeat spawning (reconditioned):

1) Percent survival of various early life stages

2) Growth, length, weight, and condition factor measurements

3) Growth hormone and IL-1 (insulin-like growth factor 1) concentrations

4) Oxygen consumption per unit time as a measure of their metabolic rate 

5) Where appropriate, parametric and/or non-parametric tests will compare outcomes of experiments performed under Task 5.4

Objective 5. Comprehensive project evaluation and management recommendations. 

Rationale:

Major goals of this research project are to: 1) definitively, objectively, and conclusively evaluate the ability of various tested scenarios to enhance wild steelhead iteroparity (e.g. short- and long-term reconditioning, kelt transportation around the FCRPS), 2) to perform benefit/risk and cost/benefit analyses on resulting project data, and 3) provide management recommendations concerning implementation of tested treatments. To the extent possible, pre-existing empirical run-size data from each of the populations undergoing reconditioning will be compiled to serve as the system-specific baselines against which to measure the success of project objectives.  Project research also generates valuable empirical data on potential effects of kelt reconditioning on egg and progeny viability, relative to non-reconditioned iteroparous spawners.  Therefore, appropriate, rigorous statistical analyses of generated project data are essential to making such determinations.

Task 5.1  Statistical data analysis

Methods - This objective is designed to evaluate project data with appropriate parametric and/or non-parametric tests, depending on the nature of resulting empirical data distributions.  This project essentially imposes treatment structure on an otherwise observational study, to provide a rigorous comparisons between and among short and long-term kelt reconditioning and transportation around the FCRPS (i.e. treatments).  Several analytical approaches are available, based on resulting distributions of empirical data generated by this study:

1) Perform a non-parametric ANOVA, median test, K-W and/or Mann-Whitney U tests to compare treatment effects on kelt return proportions or percentages.

2) Perform categorical modeling (e.g. SAS CATMOD) allowing all different grouped treatment comparisons.  For example, once such comparison could test a null hypothesis stating that “effects of short- and long-term kelt reconditioning (Objectives 2 and 3) and bypassing kelts around the FCRPS are not significantly different”.  In addition, return percentages of short-term vs. long-term reconditioned fish will be tested with these procedures.

3) Perform iterated (Monte Carlo) Chi-square analysis between return proportion of short-term reconditioned vs. bypassed (non-reconditioned) kelts.

Task 5.2. Benefit/Risk Analysis 

Rationale:

In addition to provision and analyses of data generated in this study, an objective benefit/risk analysis will be completed to evaluate potential effects.  Currently, potential effects of kelt reconditioning and transport are relatively unknown.  For example, do any of these experimental treatments elicit changes population genetic characters such as diversity maintenance or relatedness among individuals within populations?  

Methods – Because maintenance and/or potential loss of genetic variation may or may not be directly quantifiable, we propose the use of various simulation modeling approaches to estimate potential changes in genetic variation.  Theoretically predicted and empirically observed changes in population genetic signals can be tested against specific experimental treatments in this study to assess potential correlative relationships.  Several scenarios should be modeled, including but no limited to: increasing and decreasing population growth rates, a range of reconditioning success and failures, capture efficiencies, and natural kelting or iteroparity rates.

Demographic approaches, also involving genetic data where available, should also be pursued (population viability and/or minimum pop size approaches).  Consultation with tribal, agency, and academic scientists is expected to enhance and expedite this analysis.

Task 5.3 Cost/Benefit Analysis 

Rationale

Following statistical analysis of project data and the benefit risk/analysis (Task 5.2), a cost/benefit analysis will be performed to evaluate and compare cost effectiveness of all objectives in this study. Comprehensive cost accounting of all components of each objective will allow determinations to be made concerning the incremental costs of performing each objective.  Thus, economic determinations will be made and standardized across all objectives to enable meaningful comparisons of their cost effectiveness.  For example, relative costs by objective can be compared and expressed as cost/returning kelt, or cost per egg estimated from each objective.
Methods - A comprehensive literature review of appropriate cost/benefit evaluations and/or models will be performed to determine the appropriate course of action to satisfy this task.  This analysis will incorporate pertinent issues and approaches currently being addressed in the IEAB’s “Artificial Production Review – Economic Analysis” work, and other relevant IEAB documentation for the Power Council (e.g. Draft Council Staff Paper: “Methods of Economic Analysis of Salmon” and “River Economics: Evaluating Trade-offs in Columbia River Basin Fish and Wildlife Programs and Policies").

Task 5.4 Develop management recommendations based on the preceding objectives and tasks

Rationale

The strength of this proposal lies in the fact that it provides results from a series of tests to evaluate methods for enhancing iteroparity in wild steelhead populations in the Basin.  Subsequent development of a suite of management recommendations, based on replicated, geographically representative tests of these methods, constitutes an equally important asset and product from this research. The purpose of this research is to definitively test research scenarios, resulting in a definitive set of empirically supported management options to enhance wild steelhead in the Basin.

Methods – Management recommendations will be developed following analysis, evaluation, and interpretation in a collaborative manner by a number of tribal, agency, and academic scientists, research, managers, culturists, pathologists, and geneticists.  The collaborative nature of this proposed research is designed to produce a suite of definitive, scientifically defensible management recommendations to enhance populations of wild steelhead in the Columbia River Basin.

Task 5.5. Annual Report and SOW Preparation

Methods- Annual reports and statements of work for this project will be prepared and submitted in fulfillment of contract obligations.  Furthermore, due to the novel aspects of kelt reconditioning, its potential basin-wide benefits, and the relevance of evaluating alternative iteroparity enhancement strategies within the context of needed restoration activities for wild steelhead populations in the Basin, preparation and submission of scientific manuscripts is a high priority for project personnel.

Objective 7: Participate in NEPA and ESA permitting to the extent required to perform all aspects of steelhead reconditioning research listed under objectives 1 through 5.
Rationale

Permitting and clearance for performing project tasks under the ESA and NEPA laws are requirements for project completion.

Methods – In conjunction with appropriate regulatory agencies and/or subcontracted permitting entities, required ESA and NEPA documentation will be provided.
g. Facilities and equipment

Significant facilities and equipment involved in this proposal include:

Facilities: 

By design, this expanded project proposal prioritized the collaborative use of pre-existing facilities for reconditioning treatments.  Reconditioning facilities include the Yakama Nation’s Prosser Hatchery, Minthorn Springs Hatchery, Umatilla River, and a potential combination of the Nez Perce Hatchery (under construction on the Clearwater River), with possible consideration for other NEOH facilities if necessary and feasible. Objective 5 research (evaluating potential effects of long-term reconditioning on egg and progeny viability) is proposed to occur at the CRITFC/UI BPA Collaborative Center for Applied Fish Science, in Hagerman Idaho (BPA project 2001-046-00).

Equipment:

1) 20’ circular tanks for short- and long-term kelt reconditioning and briefly holding kelt groups to undergo the hydro bypass experimental treatments; ($4800/tank, plus one $1,700 deliver bill for all tanks simultaneously)

2) Where necessary, associated water supply (pump and plumbing) to perform project tasks (estimated pump and plumbing installation and maintenance cost ~  $8500 for reconditioning sites that may be unequipped)

3) Lotek compatible radio transmitters for evaluation of potential effects of experimental treatments on homing ($up to 212 transmitters @$250 each; large component of non-expendable items budget).

4) Lotek radio receivers ($10,500 for same purpose in point 3) above

All other facilities and equipment is minor in comparison, not included as non-expendable equipment.  This is largely due to collaboration and creative cost, equipment and facility sharing among numerous collaborators who share an interest in evaluation of methods to enhance wild steelhead populations in the Columbia basin.

	Table 1. Research design of kelt reconditioning project (BPA 2000-17), including objectives and implementation schedule (by year). Because this is an ongoing research project, work conducted in previous years has been included in this table.

	
	Objective
	Wild steelhead stocks
	Lead

Agency

	
	
	Yakimaa
	Umatillab
	Grande

Rondec
	Snake River

Aggregated
	

	1
	Evaluate effects of directly transporting steelhead kelts around the hydro system on enhancement of iteroparity
	03-05
	
	
	02-04
	CRITFC

and YN

	2
	Evaluate effects of short-term reconditioning, followed by transportation of kelts around the hydro system on enhancement  of iteroparity
	02-05


	03-05


	03-05


	03-05
	YN, CTUIR, NPT

	3
	Evaluate effects of long-term reconditioning, followed by release of kelts for natural spawning on enhancement  of iteroparity
	00-05
	03-05
	03-05
	
	CRIFC, YN, CTUIR, NPT

	4
	Evaluate effects of long-term reconditioning, followed by captive spawning on: a) gamete and progeny viability; b) enhancement of iteroparity (virgin vs. repeat spawners )
	
	03-05
	03-05

a only
	
	CRITFC and UI


a= Reconditioning at Prosser Hatchery

b= Reconditioning at Minthorn Hatchery

c= Reconditioning at  NEOH complex

d= Reconditioning (short-term) at Lower Granite Dam, (Corps $), long-term reconditioning of wild component of Snake River aggregate reconditioned at Nez Perce (Cherrylane) Hatchery

     Opportunity exists to compare wild vs. hatchery and gender-specific iteroparity rates
h. References

	
	Submitted w/form (y/n)

	REFERENCES

Bell, G. 1980. The costs of reproduction and their consequences. The American Naturalist 116(1):45-76.

Chilcote, M. W. The adverse reproductive consequences of supplementing natural steelhead populations in Oregon with hatchery fish (ODFW draft report)

Evans, A.F., R.E. Beaty, D.R. Hatch, J.B. Blodgett, and D. Fast. 2001. Kelt reconditioning: a research project to enhance iteroparity in Columbia Basin steelhead (Oncorhynchus mykiss).  Ann. Rep. To Bonneville Power Administration, for Project 2000-017.  Prepared by the Columbia River Inter-Tribal Fish Commission, Portland OR.

Evans, A.F. and R.E. Beaty 2001. Identification and Enumeration of Steelhead (Oncorhynchus mykiss) kelts in the juvenile collection systems of Lower Granite and Little Goose Dams. 2000 Annual report to the Corps of Engineers. Contract No. DACW68-00-R-0016. Walla Walla District, COE.

Kelts in the Juvenile Collection Systems of Lower Granite and Little Goose dams, 2000. To US Army Corps of Engineers, Walla Walla District, for Contract No. DACW68-99-M-3102. Prepared by the Columbia River Inter-Tribal Fish Commission, Portland OR.

Evans, A.F., and R.E. Beaty.  2000. Identification and Enumeration of Steelhead (Oncorhynchus mykiss) Kelts at Little Goose Dam Juvenile Bypass Separator, 1999 Ann. Rep. To US Army Corps of Engineers, Walla Walla District, for Contract No. DACW68-99-M-3102. Prepared by the Columbia River Inter-Tribal Fish Commission, Portland OR.

Fleming, I.A. 1998.  Pattern and variability in the breeding system of Atlantic salmon (Salmo salar), with comparisons to other salmonids.  Canadian Journal of Fisheries and Aquatic Sciences 55(Supplement 1): 59-76.
Gunsolus, R.T. and G. J. Eicher. 1970. Evaluation of fish-passage facilities at the North Fork project on the Clackamas River in Oregon. Research report to the Fish Commission of Oregon, Oregon Game Commission, United States Bureau of Commercial Fisheries, United States Bureau of Sport Fisheries and Wildlife, and Portland general Electric.
Hockersmith, E., J.Vella, L. Stuehrenberg, R.N. Iwamoto, and G. Swan.  1995.  Yakima 

River radio-telemetry study: Steelhead, 1989-93.  Report to US Dept. Energy, Bonneville Power Administration, for Proj. No. 89-089, Contract No. DE-AI79-89BP00276, by Northwest Fisheries Science Center, National Marine Fisheries Service, Seattle, WA.

ISRP (Independent Scientific Review Team) 1999. Scientific issues in the restoration of salmonid fishes in the Columbia River. Fisheries 24(3):10-19.

Jonsson, N., L.P. Hansen, and B. Jonsson. 1991. Variation in age, size and repeat spawning of adult Atlantic salmon in relation to river discharge. Journal of Animal Ecology 60:937-947.

Leider, S.A.  1985.  Precise timing of upstream migrations by repeat steelhead spawners.  Trans. Am. Fish. Soc. 114:906–908.

Leider, S. A., M. W. Chilcote, and J. J Loch. 1984. Spawning characteristics of sympatric populations of steelhead trout (Salmo gairdneri): evidence for partial reproductive isolation. Can. J. Fish Aquat. Sci. 41: 1454-1462

Long, J.B. and L.E. Griffin. 1937.  Spawning and Migratory Habits of the Columbia River Steelhead Trout as determined by Scale Studies.  Copeia. 1937:62

Love, R. M. 1970. The Chemical Biology of Fishes. Academic Press, New York. Nehlsen, W., J. E. Williams, and J. A. Lichatowich. 1991. Pacific salmon at the crossroads: Stocks at risk from California, Oregon, Washington, and Idaho. Fisheries 16: 4-21.

Niemela, E., T.S. Makinen, K. Moen, E. Hassinen, J. Erkinaro, M. Lansman, and M. Julkunen. 2000. Age, sex ratio and timing of the catch of kelts and ascending Atlantic salmon in the subarctic River Teno. Journal of Fish Biology 56:974-985

NMFS (National Marine Fisheries Service).  1996.  Status review of west coast steelhead from Washington, Idaho, Oregon, and California.  Seattle, WA.

NMFS (National Marine Fisheries Service).  1998.  Supplemental Biological Opinion.  NMFS Northwest Region.  Seattle, WA..

NMFS.  2000. Biological Opinion.  National Marine Fisheries Service Northwest Region.  Seattle, WA.
NPPC (Northwest Power Planning Council).  1986.  Compilation of information on salmon and steelhead losses in the Columbia River Basin. Portland, OR. 252 p.

NPPC (Northwest Power Planning Council).  1995.  1994 Columbia River Fish and Wildlife Program (revised 1995).  Portland, Oregon.

National Research Council. 1996.  Upstream: Salmon and society in the Pacific Northwest. National Academy Press, Washington D.C.

SAS.  2000.  Multivariate Data Reduction and Discrimination.  SAS Institute Inc.  Cary, NC
TRP (Tribal Restoration Plan).  1995.  Wy-Kan-Ush-Mi  Wa-Kish-Wit: The Columbia River anadromous fish restoration plan of the Nez Perce, Umatilla, Warm Springs, and Yakama tribes.  Columbia River Inter-Tribal Fish Commission, Portland, OR

Whitt, C.R.  1954.  The age, growth, and migration of steelhead trout in the Clearwater River, Idaho.  MS thesis, University of Idaho, Moscow, ID.

Withler I. L. 1966.  Variability in life history characteristics of steelhead trout (Salmo gairdneri) along the Pacific Coast of North America. Journal of the Fisheries Research Board of Canada 23: 365-393.
USACE (US Army Corps of Engineers).  1996-99.  Juvenile Fish Transportation Program.  Annual reports for 1995, 1996, 1997, and 1998.  US Army Corps of Engineers, Walla Walla District, Walla Walla, WA.
U.S. v. Oregon.  1997.  1996 all species review, Columbia River fish management plan. Technical Advisory Committee.  Portland, OR.

	No references were submitted with proposal forms.


Section 10 of 10. Key personnel

(Refer to following pages)

PAUL J. ANDERS

	Research Scientist, CRTIFC;

Research Support Scientist II, University of Idaho

Center for Salmonid and Freshwater

Species at Risk, Moscow, ID.

83844-2260, USA (208) 885-5830

FAX:
(208) 885-5968

email: PAnders@uidaho.edu
	Independent Fisheries Consultant

1025 Timber Lane

Moscow, ID. 83843 USA.

(208) 882-4072

email:Anders@turbonet.com


Professional History

Paul is a university research support scientist, a CRITFC fisheries scientist, and an independent fisheries consultant with 12 years of fisheries experience in the Columbia River Basin, US and Canada, and 17 years of experience in the fisheries profession. Paul was most recently hired (1/02) as a Fishery Scientist (0.5FTE) and project leader of CRITFC’s steelhead reconditioning study (BPA 2000-17). Paul has been involved in a wide array of fisheries and aquatic ecology research with the University of North Dakota, South Dakota Cooperative Fish and Wildlife Research Unit, the Idaho Department of Fish and Game, Eastern Washington University, U.S. Fish and Wildlife Service, the Kootenai Tribe of Idaho, and most recently the University of Idaho. Since 1990 Paul has authored and co-authored grants receiving over $4 million for various aspects of white sturgeon research and aquaculture. Since 1990 Paul has also authored and co-authored over 35 publications and reports involving white sturgeon genetics, population structure, early life history, reproductive biology, ecology, and conservation aquaculture in Idaho, Washington, Oregon, and British Columbia.
Education

Ph.D. (Summer 2002) University of Idaho, conservation biology of white sturgeon

M.S. Biology (Fisheries), Eastern Washington University, 1991

B.S. Natural Science, Saint Norbert College, 1983.

Professional Experience
Fishery Scientist, (0.5FTE) Columbia River Inter-Tribal Fish Commission (1/02-Present)

Research Support Scientist II, (0.5FTE) University of Idaho, Center for Salmonid and Freshwater Species at Risk Aquaculture Research Institute, Fish Genetics Lab, Moscow, ID. (1/99-Present)

Research Associate, University of Idaho, Center for Salmonid and Freshwater Species at Risk Aquaculture Research Institute, Fish Genetics Lab, Moscow, ID. (1/99-1/00)

Independent Fisheries Consultant (1/99-Present)

Doctoral Research Assistant, University of Idaho, Aquaculture Research Institute, Fish Genetics Lab, Moscow, ID. (7/96-12/98)

Fishery Biologist/Program Administrator, Kootenai Tribe of Idaho, Bonners Ferry, ID. (2/93-7/96)

Fishery Biologist (GS-9-482), U.S. Fish and Wildlife Service, Columbia River Field Station, Cook WA. (8/90 - 2/93) 
Recent publications
Anders, P. J., D. L. Richards, M. S. Powell. In Press. The First Endangered White Sturgeon Population (Acipenser transmontanus): Repercussions in an Altered Large River-floodplain Ecosystem.  In: W. VanWinkle, P. Anders, D. Dixon, and D. Secor, eds. Biology, Management and Protection of North American Sturgeons. American Fisheries Society Press.

Ireland, S. C.,  P. J. Anders, and J. T. Siple. In Press. Conservation aquaculture: An adaptive approach to prevent extinction of an endangered white sturgeon population (Acipenser transmontanus). In: W. VanWinkle, P. Anders, D. Dixon, and D. Secor, eds. Biology, Management and Protection of North American Sturgeons. American Fisheries Society Press.

Parsley, M. J., P. J. Anders. A. I. Miller, L. G. Beckman, and G. T McCabe Jr. In Press. Recovery of white sturgeon populations through natural production: Understanding the influence of abiotic and biotic factors on spawning and subsequent recruitment. In: W. VanWinkle, P. Anders, D. Dixon, and D. Secor, eds. Biology, Management and Protection of North American Sturgeons. American Fisheries Society Press.

Secor, D. H., P. J. Anders, W. Van Winkle, and D. A. Dixon. In Press. Can We Study Sturgeons to Extinction?  What We Do and Don’t Know about the Conservation of North American Sturgeons. In: W. VanWinkle, P. Anders, D. Dixon, and D. Secor, eds. Biology, Management and Protection of North American Sturgeons. American Fisheries Society Press.

Van Winkle, W., P. J. Anders, D. H. Secor, and D. A. Dixon, eds.  In Press. Biology, Management, and Protection of North American Sturgeons. American Fisheries Society Press, Bethesda, MD.

DOUGLAS R. HATCH

Address

Columbia River Inter-Tribal Fish Commission

729 NE Oregon St., Suite 200

Portland, OR 97232

Professional Preparation

1991
M.S., Fishery Resources, University of Idaho

1986
B.S., Fishery Resources, University of Idaho

Appointments

1991-present

Fisheries Scientist, Columbia River Inter-Tribal Fish Commission, 

Portland, Oregon

1990-1991

Fisheries Biologist, Columbia River Inter-Tribal Fish Commission, 

Portland, Oregon

1986-1988
Fisheries Technician, Idaho Department of Fish and Game, Coeur d’ Alene, Idaho

Selected Publications

Evans, A.F., R.E. Beaty, and D.R. Hatch.  2001.  Kelt Reconditioning: A Research Project to Enhance Iteroparity in Columbia Basin Steelhead (Oncorhynchus mykiss).  Annual Project 2000-017 Report to U.S. Department of Energy, Bonneville Power Administration Division of Fish and Wildlife, Portland, OR.

Hatch, D.R., J. Netto, R. Hooff, M. Wishnie, C. Beasley, M. Wakeland, A. Talbot, B. Parker.  2000.  Abundance monitoring, homing, and stock structure of Pacific lamprey Lampetra tridentate in the Columbia River Basin.  Pages 28-51 in Pacific Lamprey Research and Restoration Project, David Close Editor, Report to Bonneville Power Administration, BPA Report DOE/BP-00000248-1.  

Beasley, C.A., A. Talbot, D.R. Hatch, and A. Ritchie.  2000.  Johnson Creek artificial propagation and enhancement project (JCAPE) benefit risk analysis.  Prepared for the Nez Perce Tribe.

Hatch, D.R., Jeffrey K. Fryer, Matthew Schwartzberg, and D.R. Pederson.  1998.  A computerized editing system for video monitoring of fish passage.  North American Journal of Fisheries Management 18:694-699.

Hatch, D.R., M. Schwartzberg, and P.R. Mundy.  1994.  Estimation Pacific salmon escapement with a time-lapse video recording technique.  North American Journal of Fisheries Management 14:626-635.

Allen F. Evans 

Title: Fisheries Scientist

FTE:  0.25

Education:




M.S. (candidate Fisheries), Oregon State University, Corvallis, OR.  1999 - Current

B.A., Biology. The College of Wooster, Wooster, Ohio.  May 1995.

                          
Scholar, Rhodes University (Dept. of Ichthyology), Grahamstown, South Africa.  1994.

Relevant

Courses:
Fishery Biology, Fish Physiology, Ecology of Pacific Salmonids, Fish and Wildlife Genetics, Quantitative Genetics, Statistics, Biostatistics, Chemistry, Ecology, Evolution, Ethology, Vertebrate and Invertebrate Zoology, and Limnology.

Scientific

Publications:



Evans, A.F.  2002 (In Review). Steelhead (Oncorhynchus mykiss) kelt outmigration from Lower Granite Dam to Bonneville Dam: Abundance, downstream conversion rates, routes of passage, and travel times. Ann. Rep. To US Army Corps of Engineers, Walla Walla District, for Contract No. DACW68-02-M-3102. 

T.W. Backman and A.F. Evans. 2002. Gas Bubble Trauma Incidence in Adult Salmonids in the Columbia River Basin. Journal of North American Fisheries Management Vol.22 (2) pp.579-584.

Evans, A.F., R.E. Beaty, D.R. Hatch, J.B. Blodgett, and D. Fast. 2001. Kelt reconditioning: a research project to enhance iteroparity in Columbia Basin steelhead (Oncorhynchus mykiss).  Ann. Rep. To Bonneville Power Administration, for Project 2000-017.  Prepared by the Columbia River Inter-Tribal Fish Commission, Portland OR.

Evans, A.F. and R.E. Beaty 2001. Identification and Enumeration of Steelhead (Oncorhynchus mykiss)Kelts in the Juvenile Collection Systems of Lower Granite and Little Goose dams, 2000. To US Army Corps of Engineers, Walla Walla District, for Contract No. DACW68-99-M-3102. 

Evans, A.F., and R.E. Beaty.  2000. Identification and Enumeration of Steelhead (Oncorhynchus mykiss) Kelts at Little Goose Dam Juvenile Bypass Separator, 1999 Ann. Rep. To US Army Corps of Engineers, Walla Walla District, for Contract No. DACW68-99-M-3102. 

A.F. Evans and M.T. Davies.  1996. The Possible Significance of Egg Size on Post-hatched Growth of rainbow trout (Oncorhynchus mykiss) .  Proceedings of the Aquaculture Association of Africa.  No 5. Page(s) 137-143. 1996.

Employers:    
Columbia River Inter-Tribal Fish Commission. Portland, OR. 1996-Current



National Biological Service, Seattle, WA.  1995.  

� Final Rule 8/18/97: 62 FR 43937-43954.


� Final Rule 3/25/99: 64 FR 14517-14528.





24

