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a. Abstract 
The goal of this pilot project is to increase the survival of juvenile salmon being transported thru the Columbia Basin mainstem.

The floating net pen system will simulate a more natural migration for the juvenile salmon enabling them to obtain their directional preferences with respect to celestial and magnetic cues. This pilot project will monitor, feed, and protect the salmon through the most sensitive stages of their life cycle.

The skeletons floats will be navigated downriver thru the dam locks. At each dam the State and Federal agencies will have every opportunity to test and monitor the fish. During the project there will be complete documentation of all activities.

With the increased survival of released juvenile salmon at the mouth of the Columbia River or the Pacific Ocean the smolt to adult return will benefit the Columbia Basin mainstem.

b. Technical and/or scientific background
The problem our pilot project addresses is how to increase the survival of juvenile salmon being transported down the Columbia River mainstem to a release point near to or in the Pacific Ocean. There are no projects, recently or historically, to evaluate net pen transportation of smolts in the Columbia Basin Mainstem.

Background and History

Research to evaluate the effects of transporting juvenile salmonids around dams began over 30 years ago by the National Marine Fisheries Service. Evaluations of transported spring/summer Chinook salmon (Oncorhynchus tshawytscha) and steelhead (O. mykiss) were conducted from various Snake River dams from 1968 through 1980. Similar transportation studies of summer/fall Chinook salmon and steelhead smolts were conducted at McNary Dam on the Columbia River from 1978 through 1983.

Results of these transportation studies, which are based upon adult returns, have varied by species. For summer/fall Chinook salmon (subyearlings) and steelhead, results have consistently shown that significantly more marked and transported fish returned to the point of release than did marked fish released to migrate in river. However, for spring/summer Chinook salmon (yearling smolts), results have been less consistent. 

Results from the earliest studies, during 1968-1973, demonstrated conclusively that significantly more marked fish that were transported returned to the point of marking than did marked fish released to migrate inriver (Ebel et al. 1973, Slatick et al. 1975, Ebel 1980).

Transportation increases the survival of listed species from Lower Granite, Little Goose, Lower Monumental, or McNary Dam, to the river below Bonneville Dam, compared with survival of fish left to migrate inriver. Research has shown that the return of adults, collected and transported as juveniles, is higher than that of juvenile fish that are left to migrate inriver (NMFS 2000i). The juvenile fish transportation program reduces adverse effects in downstream migrating juvenile salmon and steelhead from adverse environmental conditions created by Corps dams and reservoirs on the lower Snake and lower Columbia rivers.

Two general strategies are under consideration to increase survival of migrating juvenile salmon in the Columbia River:

1. Increase water velocity by releasing water from headwater storage reservoirs and/or drawndown of mainstem hydropower reservoirs, and

2. collect and transport smolts around dams.

The first strategy is based on an assumption that juvenile migrants will move faster and survive better in high velocity water than in low velocity water. In addition to the release of water from headwater storage reservoirs to speed migration, proposals are under consideration to lower mainstem reservoirs to the natural river channel. Implementation of radical drawndown would seriously curtail (possibly prevent) continuation of the existing program to barge juvenile migrants around mainstem dams.

The present system for transporting juvenile salmon utilized barge-mounted tanks supplied by pumps with continuously circulating river water. The incoming river water is sprayed into holding tanks to reduce total atmospheric gases dissolved in water during periods when such gases exceed normal saturation. It is common for river water to become supersaturated with dissolved atmospheric gases when water is spilled at dams.

Juvenile migrants are presently collected for barging at three dams – Lower Granite and Little Goose on the Snake River and McNary on the Columbia River. The barges are pushed downstream by tugboats at speeds exceeding the velocity of the river. The juvenile salmon are returned to the river a short distance downstream from Bonneville Dam. The trip is completed in less than two days.

Smolt-to-adult survival of transported juveniles has been consistently higher than for volitionally migrating juveniles. Park (1993) concludes that survival benefits from the existing barging system are greater for wild than for hatchery fish. Opponents of barging argue that the barging program is unsuccessful because some populations of salmon have continued to decline even with barging (Mundy, et al 1994).

The Floating Net Pen Transportation System will compliment the current barging system in several ways. Primarily by increasing the survival of juveniles downstream through a more natural migration. Optimizing smolt survival during downstream migration has been a longstanding goal of fisheries managers.

c. Rationale and significance to Regional Programs
Our pilot program the Floating Net Pen Transportation System is needed to assist in accomplishing the following goals and objectives:

1.
Increase smolt survival during transportation down the Columbia River.

2. 
Reduce mortality from predators, disease, delayed mortality (D), and effects of dams on the river.

3.
Provide a more natural migration for the transported juvenile salmon. 

4.
Increase the smolt-to- adult return (SAR) of Chinook salmon in the Columbia River mainstem.

5.
Evaluate and monitor the smolt during the floating net pen transported migration system downstream to their release point at the mouth of the Columbia River or Pacific Ocean.

This pilot project will help achieve the four goals established by the ALL-H strategy in the Five-Year Endangered Species Act Implementation Plan for the FCRPS Biological Opinions.

The proposed floating net Transportation System will evaluate an alternative technology, which is intended to complement the existing barging program. Methods for transporting smolts around dams can be classified into three categories:

1.
Impervious tanks without addition of water during transit, frequently equipped with life support capability such as oxygenation. Tank trucks are an example.

2.
Impervious tanks with continuous exchange of pumped water. Existing barges to transport smolts around Columbia River dams are and example.

3.
Porous containment vessels with continuous and free exchange of water with the external medium. Net pens are an example.

Key questions related to transportation are:

· Will transportation increase adult return?

· Does the method of transporting smolts affect adult return?

· Is adult homing affected by transportation?

The record suggests that transported smolts typically exhibit higher smolt-to-adult survival than volitionally migrating smolts. Experience is more limited with net pens than with barges, but there is an expectation that net pens will provide flexibility that may maximize smolt-to-adult survival. There is also an expectation that net pens will facilitate imprinting, resulting in improved homing response in adults.

Possible advantages of net pens include:

· Continuous, unrestricted exposure to waters encountered during downstream passage to minimize interference with imprinting and homing of adults.

· Improved acclimation to confinement during transport and recovery from stress during collection and loading.

· The option to feed fish during transport.

· The options of holding and feeding fish in proximity to downstream release locations.

The potential for improved survival of salmon that are barged in net pens, particularly for release near the ocean, is thought to be substantial. The survival of volitionally migrating juvenile Chinook is statistically associated with distance traveled and with the number of dams encountered during their migration. Juveniles migrating long distances experience lower survival than juveniles migrating short distances. Juveniles passing several dams experience lower survival than juvenile passing few dams.

However, survival per unit distance (per km) is largely independent of total distance-i.e., survival is considerably lower over a 100 km reach of river than over a 50 km reach but similar per km. For example, an assessment of reach survival estimates (Iwamoto et al., 1994) of marked spring Chinook smolts provides a predicted survival of 0.9985 per km in upstream, free flowing reaches ending at Lower Granite Reservoir and 0.9970 per km in downstream reaches, which are inundated by reservoirs. The estimated survival of 0.9970 per km for inundated reaches includes mortality during reservoir and dam passage. Applying these estimates to impounded plus free flowing reaches incorporated in this proposed evaluation of net pen barging, survival of volitionally migrating juveniles is predicted to be about 25 percent between the head of McNary Reservoir and Astoria. This contrasts with an expected survival approaching 100 percent for net pen barged fish traveling the same distance. The planned evaluation will estimate survival ratios between adults from control and treatment groups of tagged juveniles. 
d. Relationships to other projects 
The Floating Net Pen Transportation System Pilot Project has a complementary link to these projects in the Columbia Basin.

  Strategy: Requires transportation of juvenile salmon and steelhead migrants in spring and summer.

· RPA 41

· RPA 42

· RPA 47

· RPA 49

· RPA 53

The floating net pen project will monitor the juvenile salmon on their migration in the net pens during their passage through the hydrosystem and down to their release point at the mouth of the Columbia River. This will assist in the evaluation of delayed mortality because of the capability to monitor the juvenile salmon through their migration to the Pacific Ocean. The floating net pens will also protect the juveniles from predation and monitor them for disease during their migration. The floating net pen system will implement structural and operational alternatives to improve juvenile transportation.

e. Project history (for ongoing projects) 

Not Applicable

f. Proposal objectives, tasks and methods
The ultimate goal and long term desire of this pilot program is to increase the survival of

Juvenile Chinook salmon transported down through a series of Columbia River dams and pools to release points at or near the Pacific Ocean. By accomplishing this objective there will be an increase in returning adult salmon in the Columbia River back to their point of origination.

This multi-year program will involve the transportation and release of four brood years of marked smolts. The marked smolts will have coded wire tags implanted in their snouts. Initially there will be four groups of 50,000 each for transported and inriver fish from the Ringlow hatchery. Each group will be marked with separate codes.

Two net pen systems with two or more compartments for separate nets will be designed to implement transportation of marked groups for release at downstream locations. The net pen has rigid exoskeleton to provide an option for intensive bubbling in the event that river water is supersaturated with 110 percent or higher levels of dissolved atmospheric gases encountered during downstream passage. This capability of bubbling air is intended to reduce the risk of exposing treatment groups to gas bubble trauma.

Rigid frames of the net pens are constructed of non-ferrous materials (aluminum and plastics). The decision to use non- ferrous materials is based on evidence presented by California Institute of Technology (personal communication Prof. J. Kirschvink) that geologic magnetic fields play a role in salmonids homing. The presence of “ magnetic receptor” cells in proportionately high numbers in the snouts of Pacific salmon, suggested that the salmon aware using magnetics in the homing process. In order to eliminate the possibility of the structure of the net pen or the boat interfering in any way with the homing accuracy of the fish to be transported, the support structure will be constructed entirely of non-ferrous metals.

Nets in the float are 18 feet deep. This is the maximum depth that can be accommodated in order to avoid contact with the streambed in reservoir navigation channels.  

 A tugboat will be tethered to net pens to assist downstream passage through reservoirs, navigation locks at dams, and the Columbia River below Bonneville Dam. Time in transit could be 12 days or longer, depending on the distance between loading and final release locations.

The release of marked control and treatment groups will follow the same protocol in each of the four release years. A hypothetical protocol is presented here as a first step to initiation of a detailed plan. 

The total number of tagged fish per treatment or control group is provisionally 50,000. The net pen can accommodate two treatment groups pre release location. The release plan could for example, include the release of tagged groups from the following locations:

1. a location near Lyons Ferry

2. a location below but in close proximity to McNary Dam,

3. a location near that currently used by the Corps of Engineers for release of barged juveniles below Bonneville Dam,

4. A location near upriver intrusion of the saltwater wedge (Jones Beach), and

5. a location near Astoria

The analysis of ratios of adult control and treatment groups is amenable to the uses of parametric as well as non-parametric statistical techniques. Parametric tests are more powerful the non-parametric tests, but must satisfy a number of assumptions which are described in general statistical analysis (or analyses) to be performed until sufficient data become available to determine how well assumptions underlying parametric tests (including analysis of variance) are satisfied.

The research plan will accommodate assessments of;

1. Homing of returning adults,

2. Health and condition of juveniles at release (including incidence of infection by selected disease agents), 

3. Physiological condition (stress, immune response to disease, smoltificaton,etc.)

4. Juvenile behavior (post-release feeding behavior, migration,etc.)

Detailed plans to address the above issues will be developed as we proceed with implementation of the smolt release plan.

Objective: 1. Increase the survival of transported spring Chinook salmon smolts thru the Columbia Basin Mainstem to a release point in the lower Columbia River or Pacific Ocean.

Tasks:

1. Design and construct Skeleton Float

2. Design and construct Net Pen framework

3. Purchase smolt confinement nets per smolts requirements and specification.

4. Perform test run 30 days prior to actual run to determine the stopping and dam passage timetable.

5. Tag 50,000 Chinook smolts with coded wire tags for transport and 50,000 smolts for inriver release. This will be done four times during the migratory time frame for a total of 200,000 transported smolts and 200,000 inriver smolts per test year. Fish will be received from the Washington Department of Fish and Wildlife at the Ringlow Hatchery for this pilot program.

6. The delivery system for the smolts to the net pens will be the Aqua Life Fish Transfer System to flow the smolts to the net pens from a facility that is supplying the smolts for transportation. Transfer the smolt at 9/10 per lb. to the Net Pen.

7. The smolts will be held in the net pens for at least 48 hours before transportation begins to monitor them for stress.

8. The smolts will feed as required. The food is medicated to reduce stress and any virus that smolts may encounter.

9. The floating net pens will be secured inside the floating skeleton for transportation and attached to the tugboat for the trip down river. The smolts will be transported from the starting point at a rate of speed that will not cause the smolts to swim to the stern of the net pens. This speed can be determined by actual water flows in the pools. Rates are to be as close to native migration as possible.Transporation will stop during the night. The feeding and inspection of smolts will take place. Daily records will be kept on feeding, medication, weather and water conditions, and water and air temperatures. Inspections of the fish will be based on practices established by Youngs Bay Net Pen Enhancement Program directed by Todd Jones.

10. The passing through the dam locks will also give additional time for the resting and feeding of the smolts. At the locks, government officials will be able to inspect and review the transportation process with the crew.

11. The last dam passage will show the project’s results in reducing the mortality of the smolts.The next 48 hour stop will be at the tidal area of the Columbia River below the dam. Transportation will continue at the next ebb tide and will continue until downstream current decreases. Two travel periods per day will take place according to tidal flows.

12. When the determined point of release has been reached, the net pens will be detached from the floating skeleton and moored at an area for 48 hours or longer, depending on an agreed release time. It is important to insure that the smolts are at the healthiest state possible so they can continue on their migration to the ocean.

13. The floating skeleton will be disassembled and trucked back to a location that will be used for further transportation of smolts in the net pens.

14. Monitoring and evaluation during transportation will be done on a daily basis. Records will be maintained on the smolts mortality, temperature, food feed and medication. This will determine the actual number of smolt released.

15. Evaluation of adult returns will be from the recovery of the coded –wire tags.

16. Provide written reports as per actual transportation process (short term). Will address problems; make adjustments, or additions to project activity. Also provide written report upon subsequent adult return recoveries (long term)

These are the overall tasks and methods that will be utilized to meet our objective of this pilot project.

g. Facilities and equipment

The initial facility for receiving and tagging fish with coded wire tags will be Ringlow Hatchery (Washington State Department of Fish and Wildlife). The monitoring and evaluation will be contracted with participating Universities and other agencies. 

Project funds will be used to pay for the planning, design and construction of the Floating Net Pens, the Skeleton Structure, the raceways, to purchase vessels, nets for the Net Pens, vehicles, and office space and equipment.
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