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Title
: Design and assessment of artificial spawning habitat for kokanee in Lake Pend Oreille, Idaho.

Section 3. Project description

a. Abstract

Wide annual fluctuations in water levels in Lake Pend Oreille have been identified as one possible reason for the decline of kokanee (Oncorhynchus nerka). Population levels have coincidentally declined dramatically since the maximum winter drawdown of 3.5 m (lake elevation 625.1 m) was implemented in the 1960s.  Since the inception of the declining kokanee population in Lake Pend Oreille, occasional higher winter lake levels have coincided with stronger year-classes of kokanee. Recently, 3-years of reduced winter drawdown (2.1 m – lake elevation to 626.5 m) was experimentally evaluated; preliminary results suggest that first year survival of kokanee was approximately four times higher than under conditions of maximum drawdown. Also, kokanee provide a highly significant prey base for the ESA listed bull trout (Salvelinus confluentus) and economically important trophy fisheries for kamloops (O. mykiss gairdneri) and lake trout (S. namaycush). However, the economic and biological importance of water in the fall for hydroelectric power generation and spawning of chum salmon (O. keta) in the lower Columbia River provides conflict over winter lake levels. If Lake Pend Oreille could be maintained at the lower winter level and still provide adequate habitat for spawning and embryo incubation for kokanee, current conflicts over winter lake levels might be alleviated. We propose to design a “portable and cleanable” spawning habitat module and evaluate these for spawning use, emergence success and production potential to increase kokanee recruitment to Lake Pend Oreille. We believe that this project has the potential to determine the effectiveness and feasibility of using artificial spawning habitat modules in Lake Pend Oreille and other lakes that may be affected similarly by anthropogenic water level fluctuations.

b. Technical and/or scientific background

The kokanee (Oncorhynchus nerka) population in Lake Pend Oreille has declined substantially from providing a harvest of nearly a million fish to one of a few hundred thousand (LPOTC 1994: Maiolie and Elam 1993).  The kokanee fishery received an emergency closure in 2000 as a result of very low population abundance. The reason(s) for the decline in the kokanee population is unclear but has been attributed to the introduction of the opossum shrimp (Mysis relicta) by some (Rieman and Falter 1981) although the kokanee decline was well established prior to establishment of Mysis (Maiolie and Elam 1993). Others have attributed the wide annual fluctuations in water levels in Lake Pend Oreille as possible reason for the decline of kokanee. Population levels have coincidentally declined dramatically since the maximum winter drawdown of 3.5 m (lake level – 625.1 m) was implemented in the 1960s.  Also, since the inception of the declining kokanee population in Lake Pend Oreille, occasional higher winter lake levels have coincided with stronger year-classes of kokanee. Stronger year-classes coinciding with higher lake levels and declining harvests prior to establishment of Mysis relicta implicate lake levels in the decline of kokanee in Lake Pend Oreille. Also, three years of reduced winter drawdown were experimentally evaluated and preliminary results suggest that first year survival of kokanee was approximately four times higher than under full drawdown. Ages 0 and 1 kokanee were highly abundant during recent (August 2000) sampling (Maiolie et al. 2000). Therefore, preliminary results of the experimental “draw-up” (2.1 m – lake level 626.5 m) in Lake Pend Oreille have provided encouraging results that higher winter lake levels could significantly contribute to higher kokanee population abundance. Maintaining higher winter lake levels however, does not appear realistic under current economic and biological demands for water in Lake Pend Oreille. Water needed in the fall for hydroelectric power generation downstream in the Pend Oreille River and spawning of chum salmon (O. keta) in the lower Columbia River will provide continual conflict over winter lake levels. A cycle of higher and then lower winter lake levels might be one solution although years of proposed lower lake levels could coincide with years of higher adult abundance when higher lake levels would be warranted to enhance and accelerate kokanee recovery. Thus, conflicts over winter lake levels may continue in the future. Providing suitable artificial spawning habitat for kokanee may be one possible solution. If Lake Pend Oreille could be maintained at the lower winter level and still provide adequate habitat for kokanee spawning and embryo incubation, current conflicts over winter lake levels might be alleviated. 

Lake Pend Oreille has two types of kokanee, early (August-September) spawners that are tributary spawners and late spawning kokanee (November-December) that largely spawn along lake shores. Early spawners have not increased in the population, largely because of the limited habitat in the tributaries. Typical spawning channels as used in British Columbia for kokanee (Shepherd 1990) are not feasible for Lake Pend Oreille because of the limited amount of potential area that could be constructed. Therefore, if population increases are sought for kokanee population recovery, improved spawning habitat along the shorelines may be the more feasible approach. Permanent placement of gravel, although effective in Lake Coeur d’ Alene (Hassemer 1984), may not be effective in Lake Pend Oreille. Much of the known used spawning habitat is in the south end of the lake, around Bayview. Bennett and Chipps (1995) showed that gravel quality was a factor adversely affecting the suitability of the substrate for spawning and reduced incubation success surrounding the Navy’s Acoustic Research Detachment facility, a historically important spawning area. Consequently, addition of gravel to the shoreline may be effective for short time periods until fine sediment concentrations render these areas unsuitable for spawning. In lotic systems, spawning activity can effectively cleanse gravel while in lentic systems, the lack of water movement, probably results in reduced removal of sediments. Therefore, spawning substrate potentially suitable in lotic systems may not be suitable in lentic systems. Positioning of material that can be inexpensively cleaned seems to be the most feasible biological and economic approach. However, the question of spawning use and the production potential needs to be evaluated in Lake Pend Oreille. The purpose of this project is to design a “portable and cleanable” spawning habitat module for kokanee and evaluate its use and effectiveness to increase kokanee in Lake Pend Oreille.

c. Rationale and significance to Regional Programs

The potential for increased conflict over water use in the fall from Lake Pend Oreille seems eminent. As further development comes to the Northwest, increased demand for electrical energy will only occur. Also, the more recent concern for maintaining higher flows in the Columbia River to enhance spawning of chum salmon is probably another significant justification for this project. Our study has the potential to contribute to resolution of several water resources management conflicts in the Columbia basin. Certainly from a resource management standpoint, if water levels in Lake Pend Oreille can be lowered in the fall to the maximum licensed level (625.1 m) to satisfy downstream water needs without detriment to kokanee production, the potential for conflict resolution seems optimized. Our hypothesis is that artificial kokanee spawning habitat can be created and maintained inexpensively in Lake Pend Oreille. We believe that results from this study would assess the feasibility of creating and maintaining high quality kokanee spawning and embryo incubation habitat and determine the quantity needed to recover the kokanee population in Lake Pend Oreille. 

d. Relationships to other projects 

Our proposed research is complementary to the current research funded by BPA on Lake Pend Oreille. An on-going study is experimentally evaluating 3-years of reduced winter drawdown on kokanee production, and effects of other factors on kokanee survival. Preliminary results indicate considerably higher kokanee survival from egg to first fall (Maiolie et al. 2000).  Other results from that project (Clarke 1999) have indicated that zooplankton was not limiting kokanee survival immediately after emergence as originally hypothesized (Rieman and Falter 1981). Kokanee population responses have been muted by intense predation by lake trout, the ESA listed bull trout, and most especially by kamloops (Vidergar 2000). As a result of the findings on predation, Idaho Department of Fish & Game made emergency changes in sport fishing regulations to decrease predation on kokanee. The effectiveness of these regulation changes on increasing survival of kokanee is unclear at this time. However, preliminary data on abundance of age 0 kokanee strongly suggests that greater spawning habitat would result in higher age 0 kokanee production. Our hypothesis is that suitable spawning habitat might be created and maintained independent of winter lake levels. We propose to design and evaluate artificial spawning habitat for kokanee spawning and incubation. We propose to evaluate several designs and through biological testing determine which design would provide the highest potential for increased kokanee recruitment to Lake Pend Oreille. Our design employs means of placing artificial spawning habitat modules in areas of known historic spawning activity and annually cleanse that gravel, to make it attractive to spawning kokanee and provide for highest emergence success. Our project will not contribute additional kokanee fry to the lake and confound the on-going project because artificial spawning habitat will be screened and fry will not be released to the lake unless authorized by Idaho Department of Fish & Game.

e. Proposal objectives, tasks and methods

Objectives
 

The long-term goal of this project is to provide a mechanism to increase kokanee recruitment in Lake Pend Oreille. By achieving this goal, ESA listed bull trout can be maintained, the potential exists to attain Idaho Department of Fish and Games’ goal of restoring the kokanee fishery to a harvest level of 750,000, and maintain a productive trophy fishery. We believe that the following objectives will help achieve that goal.

Objectives:.

1. Design an artificial, portable and cleanable habitat module for shoreline spawning kokanee in Lake Pend Oreille.

2. Evaluate spawning use and production potential of the artificial spawning habitat modules for shoreline spawning kokanee.

3. Evaluate the effectiveness of the cleanable design of the artificial spawning habitat module.

4. Write final report


Tasks and Methods
 

Objective 1:

a. To design spawning habitat modules

We propose to construct artificial spawning habitat for kokanee in modular units. Each modular unit would provide approximately one hundred (100) square feet of gravel surface for fish spawning.  The size of the individual modular units was determined by transportation and handling requirements.

Description of Modular Spawning Ground Units

As shown in Figure1, the modular units would be constructed of steel frames and steel decking. The decking would contain the 3/8” to 1/2” to (9.5 to 12.5 mm) gravel which would provide optimum spawning sized substrate (Hassemer 1984), while allowing fine material to be flushed from the gravel bed. 

[image: image1.wmf]Figure 1. Proposed initial design in cross-section view of the artificial spawning habitat module.

In order to maintain the long-term viability of the artificial spawning habitat, the gravel beds must contain low abundance of fine particles. Our preliminary design of artificial spawning habitat contain several provisions to prevent the substrate from becoming clogged with fine particles. First, the sides of the artificial spawning habitat modular units are approximately 12 inches (30 cm) above the surrounding lakebed, which would prevent some of the fines from migrating into the gravel. The artificial spawning habitat modular units could also be placed upon a geotextile fabric to prevent infiltration of fine particles.  In addition, the gravel is supported upon grating, which would allow water to move through the gravel beds and allow water to pass through the gravel. This feature provides for water circulation that would remove metabolic wastes and supply oxygen.  Finally, the ends of the modular units would be lifted approximately 2-3 feet (0.6-0.9 m) above the lakebed to flush out the fine particles. 

Alternate Materials

The man-made spawning grounds could be manufactured from different materials, such as stainless steel, galvanized steel, fiberglass, or wood.  A life-cycle cost analysis of the various materials could be investigated to determine the optimum choice for this project.

b. To construct spawning habitat modules

We would collect the various materials needed to construct the modular spawning units and assemble them along the lakeshore of Lake Pend Oreille. 

c. To position spawning habitat modules


Once the spawning habitat modules were constructed, we would transport them from the shoreline by barge for installation. These would be positioned on a barge and transported to selected spawning sites in late October-early November. Bennett and Chipps (1995) reported that the duration of spawning activity in Lake Pend Oreille in 1994, based on underwater surveys surrounding the Navy’s site in the south end of the lake, was from mid November to mid December. Three potential spawning sites would be selected based on recent findings of spawner surveys and discussions with Idaho Department of Fish & Game personnel. 


Five habitat modules would be positioned in each of the three areas along the shoreline in water deeper than 2 m by the use of a barge-crane. Habitat modules would be positioned adjacent to each other along the shoreline separated by “guide-posts”. This positioning would facilitate placement from the above-water location.

Objective 2. 

a. Quantify redd density 


Underwater surveys would be conducted weekly to examine use of the artificial spawning habitats. Divers would ascend to the outer edge of the spawning habitat module and swim transects from deep to shallow and identify and enumerate kokanee redds. The width of each transect would be marked to assure complete coverage of the spawning habitat cells. Once located, redds would be identified by a dated marker to facilitate obtaining a temporal record of spawning activity. We would sum all redds constructed on the spawning habitat divided by the known area to obtain estimates of redd density.

b. Quantify embryo deposition


We would quantify embryo deposition from estimates of fecundity and redd abundance. Estimates of fecundity would be obtained from egg counts from kokanee spawning at Cabinet Gorge Hatchery. Number of redds would be obtained from the underwater surveys (Task a). The product of the number of redds and fecundity would provide an estimate of total egg deposition per spawning habitat cell. Comparisons of egg deposition would be made among spawning locations using analysis of variance. Habitat modules would be the replicates at each site. Comparisons might show the “acceptance” of artificial spawning habitat in one or more locations more than others might because of the abundance or paucity of natural gravels.

c. Quantify embryo emergence success


To estimate embryo emergence success each spawning habitat cell would be screened in the spring prior to kokanee fry emergence. Funnel traps would be positioned above the screening to allow for quantification of emerging kokanee. Divers would carefully enumerate kokanee from trap counts. Kokanee would be removed from the traps, enumerated and preserved to estimate body size and stage of development (Bams 1970). These measures of body condition would be compared by analysis of covariance to those previously obtained for kokanee from natural redds in Lake Coeur d’ Alene (Hassemer 1984).

d. Quantify Potential fry production


We would quantify potential fry production from the artificial habitat by applying redd density estimates to the total area. Although spawner numbers of kokanee are currently low, we would estimate the amount of suitable spawning habitat necessary to enhance kokanee recovery in Lake Pend Oreille.

Objective 3. 

a. Quantify fine sediment concentrations


In fall, immediately prior to the second kokanee spawning season, we would sample substrate in each of the spawning habitat modules using a dome suction sampler (Gale and Thompson 1975). The dome suction sampler facilitates collection of fines in addition to larger sized substrata. Sampling at this time would provide information on the deposition of fines on the spawning gravel. Substrate samples would be transferred to plastic bags and transported to the sediment laboratory at the University of Idaho. Samples would be dried and sieved to quantify the proportion of sediments both <0.85 mm and 6.4 mm (fines). Both sizes have been identified to adversely affect spawning success of salmonids (Meehan and Swanston 1977). The proportion of fines would be determined relative to the quantity of larger substrate.

b. Quantify cleanability


We would cleanse the gravels within the module by lifting them by barge-crane, rotating them towards open water, move them back and forth in the water and reposition them along the shoreline in their original location. Once cleaned, we would then resample the gravel and analyze for fine sediment concentrations similar to Task a (Objective 3). Sediments lost, as a result of cleaning would be determined as the difference in fine sediment concentrations before and following the cleaning. 

Objective 4.

a. Write final report



We would prepare a final report describing the final design used for the artificial spawning habitat modules, including detailed plans, and evaluating use and effectiveness of these modules to enhance kokanee recruitment to Lake Pend Oreille.

f. Facilities and equipment

We do not require special facilities to complete this project. Each spawning habitat module would be constructed along the shoreline of Lake Pend Oreille. Construction materials would be purchased and delivered to the construction site. The spawning gravel, similar to that highly used by kokanee in Lake Coeur d’ Alene (Hassemer 1984) would be purchased from a sand and gravel company in Coeur d’ Alene and loaded into each of the spawning habitat modules prior to positioning along the lakeshore. A barge-crane would be rented from a private operator on the lake. 


Diving equipment (tanks, dry suits, etc.) would be rented from a diver supply house in Coeur d’ Alene. Boats needed for diving and accessing the spawning habitats are available to rent from the University of Idaho. The College of Natural Resources has its own Motor Pool and vehicles for towing boats are available to rent. 


Data analysis would be conducted using the computer facilities at the University of Idaho. All statistical analysis would be conducted using SAS. PC SAS is leased from the supplier at the University.
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Section 4. Key personnel

Dr. David H. Bennett is a professor of Fishery Resources at the University of Idaho in the Department of Fish & Wildlife. He is the co-principal investigator (PI) and responsible for the evaluation of the effectiveness of the artificial spawning habitat. In addition, he will work closely with Dr. Edwin R.Schmeckpeper P.E. in refining the design of the spawning habitat modules. Dr. Bennett has worked in Lake Pend Oreille since the early 1980s and worked with the US Navy evaluating effects of the new acoustical sound generation system on the ecology of Lake Pend Oreille (Bennett et al. 1994). Dr. Bennett has been the PI for the University of Idaho’s evaluation of factors affecting kokanee survival on Lake Pend Oreille. He has been the major professor for Steve Chipps’ doctoral dissertation (Chipps 1997) on the bioenergetics of Mysis relicta and consumption of cladoceran zooplankton in Lake Pend Oreille. In addition, he was major professor for Lance Clarke’s MS project (Clarke 1999) examining zooplankton abundance and growth and survival of emerging kokanee, and Dmitri Vidergar’s MS project (Vidergar 2000) that quantified kokanee consumption by lake trout, kamloops, and bull trout. 


The co-principal investigator is Dr. Edwin R. Schmeckpeper. He is an associate professor in the Department of Civil Engineering and a practicing engineer. Dr. Edwin R. Schmeckpeper, P.E., has been licensed as a professional engineer since 1982. His area of specialization is steel structures, concrete structures, and infrastructure management.  He has been involved in a number of bridge construction projects for the U.S. Forest Service and local governments. 

Resume for Dr. David Bennett

Dr. David H. Bennett, Professor, Department of Fish and Wildlife Resources, University of Idaho, Moscow, Idaho 83844-1136.

Personal:

Duration of Employment: 25+ years (August 1975 - Present)

Education:

BS- Wildlife Management – Univ. of CT - 1964
MS- Fisheries Management – Univ. of CT - 1968
Ph.D.- Wildlife Biology (Fishery Science Option) - Virginia Polytechnic Institute

& State University - 1976

Academic Positions:

Assistant Professor, College of Forestry, Wildlife and Range Sciences (CFWR),

University of Idaho, Department of Fishery Resources, 1975-1978.

Associate Professor, CFWR 1978-1984.

Professor, CFWR 1984 - Present.

Professional and Honor Societies:


American Fisheries Society

Idaho Chapter of the American Fisheries Society

Palouse Unit of the American Fisheries Society-Faculty Advisor

American Institute of Fishery Research Biologists

Alpha Gamma Rho-Faculty Advisor


Phi Sigma

Alpha Zeta

Xi Sigma Pi

Sigma Xi


Honors:



1987 – Outstanding Faculty Award, University of Idaho
1991 - Recipient of Outstanding Advisor Award, College of Forestry, Wildlife and Range Sci


1995 - Award of Excellence-Fisheries Education-Idaho Chapter AFS


1993 and 1999 – Alumni Award of Excellence-University of Idaho 


1984 & 1997 - Outstanding Research Award, College of Forestry, Wildlife and Range
Graduate Students Completed as Major Professor - 47
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Resume for Dr. Edwin Schmeckpeper

Dr. Edwin R. Schmeckpeper, P.E., Ph.D. has been licensed as professional engineering since 1982.  He received his Ph.D. in Civil Engineering from the University of New Hampshire in 1992. His area of specialization: steel structures, concrete structures, infrastructure management. 

Professional Experience:

August 1992 to Present, Structural Engineering Consultant, Private Practice,  Moscow, Idaho. Conducted structural reviews of historic bridges for the McCall Ranger District, McCall, Idaho.  Designed steel bridge for the Little Quilicene River, Olympic Peninsula, Washington.  


December 1988 to March 1990, Engineering Consultant, Private Practice, Stratham, New Hampshire.  Clients included the New Hampshire Transportation Technology Transfer Center, the New Hampshire Office of Emergency Management, the Rockingham County Planning Commission, Private Construction Firms in New Hampshire and New York, and the City of Dover, New Hampshire. 


October 1987 to November 1988, Senior Engineering Analyst, New Hampshire Yankee, Seabrook, New Hampshire. Developed and reviewed computerized engineering applications for company- wide engineering departments.  Applications involved structural analysis and design, computer aided mapping, CAD, and geographical information systems. 


September 1980 to October 1987, Lead Field Project Engineer, United Engineers and Constructors, Inc. Headquartered in Philadelphia, Pennsylvania. Lead Project Engineer in Structural Department and Computer Applications Group.  Supervised engineers on structural design and analysis projects, design guideline development, and materials testing.  Designed steel and concrete structures using manual and finite element methods.


June 1978 to September 1980, Staff Structural Engineer, Sargent and Lundy, Engineers. Chicago, Illinois.  Designed and reviewed steel and concrete building components using manual and finite element analysis.  Resolved field problems from structural, civil and electrical contractors at construction sites nationwide.

Research Projects:


"Monitoring the In-Situ Stresses in the Goff Bridge,"Idaho Transportation Department, P.I., 1997-1998


"Testing of Adhesively Bonded Metal Specimens,"  Harpers Furniture Company, Post Falls, Idaho, P.I., 1997, $1770.


"Camber Growth in Prestressed Concrete Bridge Girders, Phase I,"  Idaho Transportation Department, Boise, Idaho, P.I., 1996-1997


"Seismic Rehabilitation of Architectural Precast Panels," National Science Foundation, Co-P.I. with Richard Nielsen, 1995-1997


"The Effects of Bolt Over-Tightening on Bolted Bridge Connections,"  Idaho Transportation Department, Boise, Idaho, Co-P.I. with Richard Nielsen, 1993-1994
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�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.





12

[image: image2.wmf]_1034424001.unknown

