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a. Abstract

This project addresses the considerable impacts of the federal hydropower system on kokanee, and the indirect effects to bull trout, and rainbow trout in Lake Pend Oreille.  It also addresses the losses of warm water fish habitat that occurred in the Pend Oreille River above Albeni Falls Dam.  Major impacts were caused by Albeni Falls Dam consistently drawing the lake down to the maximum extent possible each fall (elevation 2051’msl).  This reduced the amount of gravel along the shoreline of the lake that is usable for kokanee spawning. It also drew the Pend Oreille River down into the river channel causing the loss of much of the warmwater fish habitat.  Fish populations declined commensurate with these habitat losses.  In 1996 the Northwest Power Planning Council (NWPPC) requested that the Corps of Engineers change lake levels to benefit fisheries.  Results of this previous study were promising, if not statistically significant.  The ISRP recommended increasing the length of the study to 10 years to make the results more definitive.  The USFWS, in its draft Biological Opinion for Bull Trout in Lake Pend Oreille, utilized the previous study’s findings to recommend that the Corps change its management of lake levels.  These changes were requested to increase kokanee abundance and thereby increase the forage for bull trout.  Although not directly intended, a side benefit was that warm water fish habitat in the Pend Oreille River would increase seven fold.  The goal of this proposal is to recover these impacted fish populations and to protect the threatened bull trout population. We propose to document the response of the fish populations to these new lake levels.  We also propose to monitor changes in the shoreline spawning habitat to see that it is maintained in good quality.  Information gained by this study will be presented to the USFWS in its annual review of lake level changes.  This allows flexibility in the management of lake levels in future years.  The kokanee population, however, is at the verge of collapse, if not already collapsing.  Stocking hatchery produced kokanee may be necessary to keep kokanee from disappearing in the short term.  Past stocking, however, has not produced higher numbers of adult kokanee.  Since all hatchery kokanee for the last 5 years have been marked, we have the unique opportunity to examine and compare the survival of each year class of hatchery and wild fish.   By doing so we can determine when survival is relatively the poorest, and gain insights into how to improve the hatchery program. 

b. Technical and/or scientific background

Overall problem: Lake Pend Oreille was the most productive resident fishery in the state of Idaho until the mid-1960's.  An average of one million fish were caught annually between 1952 and 1966 (Maiolie and Elam 1993).  Albeni Falls Dam was built on the outflow of the lake in 1952 and Cabinet Gorge Dam was built on the inflow the same year.  Blocking the Clark Fork River (by Cabinet Gorge Dam) caused immediate declines in bull trout and cutthroat trout abundance since spawning areas became limited.  The lake remained an exceptional fishery for kokanee and Kamloops rainbow trout until the mid-1960's when Albeni Falls Dam began lowering the lake 11 feet each fall for additional power production.  This started a down turn in the kokanee population that continues to this day.


Maiolie and Elam (1993) reported that deeper drawdowns in 1957, and 1959 reduced the kokanee fishery five years later.  Conversely, higher water levels in the winter of 1958, 1959, and 1960 produced better fisheries five years later.  They also found that somewhat higher lake elevations in 1982, 1983 and 1985 produced 39% more kokanee recruited to the fishery than years before or after these years.  Fredericks et al. (1995) found that the two best years on record for egg-to-fry survival were 1982 and 1983 when the lake was 3 to 4 feet higher than normal during the winter.  A second important factor is that the lake cannot be lowered once kokanee spawning has taken place (Hassemer 1984, and Maiolie and Elam 1993).  Drawdowns of less than 1 m can have a noticeable effect on the resulting fisheries if they occur during the egg incubation period; mid-November to June. 


The mechanism for why lake levels control fish abundance can be explained rather simply.  Shoreline gravels around the lake rely on wave action to remain clean and well sorted from sand and cobble.  At whatever elevation the lake is held, gravel bars appear just above this elevation.  Fredericks et al. (1995) documented that quality spawning gravel was relatively sparse below the low pool elevation likely because wave action had not affected this part of the shoreline since 1953 when the dam became operational.  The consistency of drawing the lake to the same elevation each year prevented clean wave washed gravel from forming below the low pool elevation. 

The previous studies funded by BPA demonstrated the effect of changing lake levels. At the beginning of these studies, surveys of potential spawning areas around the lake found that an additional 1.8 million square feet of gravel would be available for kokanee spawning if the lake were held 4 feet higher throughout the winter (Fredericks et al. 1995).  Fredericks et al. 1995 estimated only 380,000 square feet of gravel were below the low pool elevation.  Improvements in kokanee survival were noted after raising the lake elevation during winter for three consecutive years.  Kokanee egg-to-fry survival increased from 1.4% in 1995 to 9.6% in 1998 and 6.0% in 1999 (Maiolie et al.2000 in press, IDFG files, see figure 1 below). 

Previous studies also monitored the quality of gravel in shoreline spawning areas. Good spawning gravel (a high percentage of gravel, low in fines and cobble) declined after being underwater for a period of years. Degradation was not due to an increase in the amount of fine material, but rather, due to an increase in the percent of cobble (material over 32 mm)(Maiolie et al 2000).   After three years, degradation was very noticeable.  This lead to the recommendation to lower the lake once every four years. 


A different situation exists on the Pend Oreille River.  This 23 mile long river bottom is flooded during the summer and contains good habitat for warm water species such as bass and perch.  Drawdowns during winter drop the water into the old river channel.  This area then becomes a cold flowing river with little over-winter habitat for warm water species.  Bennett and DuPont (1993) calculated over-winter habitat would increase by 7.5 times if the winter elevation were 5 feet higher than normal.   Experimentally changing the lake elevation appears to have benefited largemouth bass in the river (Karchesky and Bennett 2000, in press).  Good year classes were produced during the winters of high water and these year classes continue to remain strong.  Drawdowns to an elevation of  2053’ appeared to cause lower over-winter survival of young-of-the-year bass.  


Last year’s review of this project by the ISRP recommended that this project extend the lake level changes for 10 years instead of three.  This would allow more “sample” years to be collected and strengthen our confidence in the results.  The new develop in 2000 was that the USFWS draft Biological Opinion recommends lake levels be changed to benefit kokanee and thereby help bull trout.  Their plan is consistent with the projects previous findings, the recommendations of the ISRP, the Subbasin Summary, and the direction of the Council’s program.  We therefore have the opportunity to continue to study the effect of lake level changes should this proposal be funded. 


The draft Biological Opinion calls for a low pool elevation in the first winter (2001-2002).   This will give wave action a chance to resort shoreline gravel.  The following year will have a higher winter pool level, giving kokanee a chance to spawn in clean gravel.  We propose to monitor kokanee survival changes and annually compare them to lake elevations.  Information will then be reviewed by the USFWS and used to formulate the next years lake management strategy. 


Figure 1. The survival rate (%) of kokanee in Lake Pend Oreille, Idaho, during the previous five years.  Water was held higher on an experimental basis during 1997, 1998 and 1999.  Survival in 1997 may have been impacted by record high spring run-off during that year. 

Relation to subbasin summary-   The subbasin summary describes the history of kokanee declines in Lake Pend Oreille.  It also describes the loss of kokanee spawning habitat as being the main cause for the declines.  The subbasin summary describes the Council’s past efforts on Lake Pend Oreille to address kokanee declines by changing the management of the lake levels.  This project is a continuation of previous efforts with additional support from the USFWS.  There are two limiting factors for kokanee defined in the summary.  They are the loss of spawning habitat and predation.  This proposal addresses this first factor.  


Objective #1 under the Goal #1 was to recover kokanee to three quarters of their former abundance.  This is also the heart of this proposal and our tasks reflect the “recommended actions” in the summary including: 1. developing changes in lake level management, 2. monitoring kokanee by trawling, hydroacoustics, and fry netting, 3.  conducting spawner counts, 4. documenting the changes in shoreline gravels as lake levels change, 5. annually review lake level management with USFWS, 6. conduct baseline limnology, and 6. research the potential for building artificial spawning areas.  In Strategy #2 under Goal#1 the summary stated to “evaluate the contribution of Cabinet Gorge Hatchery to the recovery effort.  We propose to do three of the recommended actions including: 1. mark all hatchery kokanee and compare the survival rate of wild and hatchery fish, 2. determine the percent return of hatchery kokanee to Sullivan Springs Egg Collection Station, and 3.  determine if hatchery kokanee are impacting the wild kokanee by examining wild kokanee survival during high and low stocking years.  

c. Rationale and significance to Regional Programs

How this project relates to the goals of the FWP can best be stated by comparing it to the criteria used by the CBFWA.  The project does address specific Council Program measures specified in 10.6E ( in the 1994 program).  It is also consistent with management objectives of the State which are presented in Idaho Fish and Game’s 5 year management plan.  It also conforms to Council prioritization process according to program measure 10.1B.  This measure gives a high priority to projects which rebuilding native fish populations injured by the hydropower system.  Bull trout in Lake Pend Oreille declined sharply after the construction of the Cabinet Gorge Dam (a federally licensed project) which blocked most of their upstream spawning areas.  Bull trout also feed on kokanee as a main part of their diet.  Recovering kokanee will help to recover the lake’s predatory species such as bull trout.  Section 10.1B also gives high priority to  fish “populations that support important fisheries ”, projects that “ develop biological and integrated rule curves”,“provide benefits for anadromous fish”, and “protect the health of existing resident fish populations”; all of these items are met by this project.  The benefits to anadromous fish are stated in Section 5.4D.7 which says increased flows because of this project are to go to salmon flows in the Columbia River.  Biological objectives of the project have been developed (see section 4), but they have not be adopted into the Councils Program at this time.   Data from this project will be used in the development of biological/integrated rule curves.  By keeping the lake higher during winter, we are actually testing a changed rule curve for the lake.  Thus, the actual effect of a new rule curve will be known. 


This project directly enhances fish populations that support important fisheries.  The kokanee fishery was once the largest resident fishery in the State with a harvest of 1 million fish annual.  It is still important with a harvest of around 100,000 fish.  Bull trout sustained a fishery of several thousand fish annually, but it is now closed. Kamloops rainbow trout supported a catch of about 14,000 fish in 1991.  The project also provides direct benefits to non-target species.  Better kokanee populations mean better foraging for 100 -200 eagles which winter on the lake.  Higher winter water levels provides a direct benefit to several species of warm water fish, including bass crappie and perch, in the Pend Oreille River.


The project also has demonstrated that all reasonable precautions have been taken not to adversely affect other fish populations.  Prior to changing lake levels, the US Army Corps of Engineers studied potential effects and gave the project a finding of “no significant impact”.


Rationale for the project- Lake Pend Oreille during the 1950's and 1960's had sportfish harvests in excess of one million fish annually.  This project will determine if changing lake levels can be used to recover fisheries impacted by the federal hydropower system. If this proves to be the case, a some what more natural hydrographic could be designed which would  meet the demands of power production, flood control, recreation, and the needs of fish populations. These could be incorporated into new rule curves for Albeni Falls Dam.  By using this adaptive management approach, we will have strong empirical evidence for these new rule curves.  But, the first step is to resolve the uncertainty of the impact of lake level changes. 



Keeping the lake higher in the winter means that less water can be stored during spring run-off.  Thus, more water will pass downstream which could be used to help anadromous fish flows lower in the drainage (see section 5.4D.7). 


This project clearly meets the goal of “protecting, mitigating and enhancing the health and viability of resident fish populations to meet consumptive and non-consumptive needs in the Columbia River Basin (10.1 Resident Fish Goal).”  Pend Oreille has a very active sport fishery with both a consumptive and non-consumptive need.  The FWP (10.1A) also has a principle to “protect, mitigate and enhance resident fish populations to the extent they were or are affected by construction and operation of dams”.  The largest impacts to the fisheries have come from the damming of both the lake’s inflow and outflow.  Clearly this project falls within the FWP goals. 


The objectives in this projected are presented in the Upper Pend Oreille Subbasin Summary.  Objective 1 states:  “By 2015 restore kokanee populations in Lake Pend Oreille to three quarters of their abundance prior to impacts of Albeni Falls Dam…”.  Strategy 1 is to improve shoreline spawning areas by lake level changes.  Most of the recommended actions listed in the subbasin summary are covered in this proposal.    Strategy 2 is to “evaluate the contribution of Cabinet Gorge Hatchery to the fishery recovery effort. 

Relationship to USFWS Biological Opinion For Bull Trout in Lake Pend Oreille-  The USFWS wrote a draft biological opinion (with a final draft due on December 15, 2000) that requested changes in lake level management to benefit kokanee and thereby benefit bull trout.  The final draft is expected to recommend that the lake be drawn down to 2051’ during the winter of 2001-2002, to clean and resort gravel.  The following year, the lake is to be held higher at 2055’ elevation so that kokanee can make use of the clean gravel created the previous year (Bob Hallock, USFWS, Spokane, personal communication).   They will assemble a technical review team to then go over the data and make recommendations for future years.  This project provides the technical data needed in this process.  It also may provide a person  who is familiar with data and can make recommendations for future years. 

d. Relationships to other projects 
 
This is the only project currently funded for Upper Pend Oreille Subbasin.  As such, it is not dependant on another projects efforts.  Project does require the cooperation of the US Army Corps of Engineers to change the lake levels in accordance with the Biological Opinion for bull trout.  Communication with the USFWS indicated that this is likely. 


Findings of this project should have strong implications to the management of other reservoirs in the drainage.  It could demonstrate the effects of changing drawdowns and the benefits to forage fish, predatory fish, aquatic vegetation, and warm water fish species.  It may also help to develop a more system-wide approach to managing flows for resident and anadromous fish.  This project may show that flood control constraints can be met, more water during spring run-off can be passed for downstream interests, and still improve lake level management for resident fish. 


This proposal also works with the proposed Upper Pend Oreille Subbasin Exotic Fish Control Project, which has the objective to assess the potential for using deepwater trapnets in Lake Pend Oreille to collect data on lake trout and for controlling lake trout numbers.  Removing lake trout from Lake Pend Oreille will only benefit the efforts in our project to restore kokanee. 


Our proposal is also consistent with the proposed Lake Pend Oreille Predator Research Project.  Currently predation levels in the lake are thought to be too high, although the point of “balance” has never been defined.  The Predator Research Project will attempt to define that point of balance, research hydroacoustic methods to enumerate pelagic predators, and implement methods to reduce the Kamloops rainbow trout population.  Efforts to reduce predation are consistent with our proposal to restore kokanee.  We do not foresee predator work as influencing our evaluation of lake level management.  The key variable in managing lake levels is the egg-to-fry survival rate.  Predator removal is expected to change the survival rates of older kokanee, most notable the age1-to-age 2 survival rate. Vidergar (2000) found it very rare to find age 0 kokanee in the stomachs of rainbows, lake trout, or pikeminnow.

e. Project history (for ongoing projects) 

Our project number has recently changed with BPA’s new accounting system to 00000385-00001.


Adaptive management implications- The Fish and Wildlife Service’s Biological Opinion was written to allow for adaptive management.  Specifically, it allows for the testing of the recommended lake levels, an annual review of our findings, and the incorporation of findings into the next year’s recommendation.  Thus, management changes are made and we continually adapt and refine our approaches. The implication of this is we will learn much quicker, and with much greater certainty, the role of lake levels in determining fish abundance. 


Project reports and technical papers- Maiolie et al. 1998a. Maiolie et al. 1998b.  Maiolie et al. 2000.


Years underway - Five. 


Summary of major results achieved
- We have mapped kokanee spawning areas around the entire 100+ miles of the lake’s shoreline.  We found kokanee are heavily using the new gravels that were made available by the higher water level.  We also found that kokanee were spawning in new areas of the lake which contain newly inundated gravel.  Population estimates of all five age classes of kokanee were made in 1997, 1998, 1999 and 2000 by both hydroacoustics and mid-water trawling.  We documented the effect of a 100 year flood event which reduced the kokanee population by about one half.  This masked any numerical response of kokanee to the improved spawning habitat during the first year.  During the second and third year of the study, large improvements in kokanee egg-to-fry survival were seen (concurrent with years of higher lake level).  For example, in 1995, egg-to-fry survival was 1.4% during a typical drawdown year.  In 1996, the water was raised by 4 feet half way through the spawning season and egg-to-fry survival increased to 3.3%.  The first year of the experiment in 1997, egg-to-fry survival was 1.8% but this was the flood year.  In 1998 and 1999, we had experimentally high water levels and egg-to-fry survival improved to 9.6% and 6.0%, respectively. This greatly exceeded our sub-objective of having an egg-to-fry survival rate of 3.6%.   During 1998 an additional significant finding was determined.  Net pen experiments proved that competition between Mysis shrimp and newly emerged kokanee fry did not cause high mortality of the fry.  This strengthens the argument that spawning habitat is controlling kokanee fry abundance.  In the year 2000, we are still analyzing the trawl data to separate hatchery and wild fish, but the results are encouraging.  Total fry abundance appears to have reached record high levels and the number of age 1 kokanee appears to be the third highest number since 1977. 


The project has also recently gained a better understanding of the effect of lake levels on shoreline gravel.  After being inundated for 4 years the quality of the kokanee spawning areas declined markedly.  This led us to the recommendation that deeper drawdowns should occur once every 4 years.  We also found that a single winter of low water should be sufficient to restore spawning areas around much of the lake.  Studies also found that eggs laid in less than 3 feet of water are at risk of being dislodged by wave action.  This led to the recommendation that lake levels should be varied by 4 feet between years.  


Past costs- $315,480 in 1997 and $360,000 in 1998, $361,000 in 1999 and $379,00  in 2000, and $380,000 in 2001. 


Factors which may limit the success of the project-  To date, the biggest factor which affects the success of our project is the weather (specifically spring run-off).  The exceptionally high water year in 1997 was the highest flows through the lake during spring run off ever recorded.  This reduced the abundance of kokanee of all age classes.  This finding was totally unanticipated.  Other years of higher than normal water were found to have little, if any, affect on kokanee abundance. 


Another factor which can affect the project outcome is whether or not lake levels will be changed.  This appears much more certain this year with the USFWS’s biological opinion making this recommendation. 


Novel methods-  The process of changing lake levels to create spawning areas for shoreline spawning fish is a novel approach.   This could have application to many other lakes and reservoirs where spawning areas are limited.  Using hydroacoustics combined with mid-water trawling to assess the status of a kokanee population is also somewhat novel, although a similar approach was used to assess the mixed species communities in the great lakes.   We also have been cold branding the otoliths of every hatchery kokanee stocked into the lake so that wild and hatchery fish can be distinguished.  This gives us a rather novel way to gain survival information for the two stocks of kokanee. 

f. Proposal objectives, tasks and methods

Objective 1.  Recover kokanee abundance so that a harvest of 750,000 fish can be maintained on an annual basis.  This would require an adult kokanee population of 3.7 million fish and an egg-to-fry survival rate for wild fry that exceeds 3.6%.


Task 1 a.  Assist USFWS with developing a lake level management plan to benefit kokanee and bull trout.  Methods to accomplish this task are to make presentations on the results of the study, and to provide project tours, to the USFWS.

Task 1 b.  Conduct mid-water trawling in the lake to determine population estimates, biomass, age, size of kokanee, and the number of eggs being laid. We will conduct standardized midwater trawling in Lake Pend Oreille during the dark phase of the moon which optimizes the trawl’s capture efficiency (Bowler et al. 1979).

The lake is divided into three sections, and a stratified random sampling scheme will be used to estimate kokanee abundance and density.  Twelve transects will be  randomly selected within each section and one haul will be made along each transect.

Rieman (1992) described the midwater trawl and sampling procedures in detail.  The net is 13.7 m long with a 3 x 3 m mouth.  Mesh sizes (stretch measure) graduate from 32, 25, 19 and 13 mm in the body of the net to 6 mm in the cod end.  The trawl net is towed at a speed of 1.5 m/s by an 8.5 m boat.  We determine the vertical distribution of kokanee by using a Raytheon Model V850 depth sounder with a 20o hull mounted transducer.  A step-wise oblique tow is conducted along each transect which samples the entire vertical distribution of kokanee.

Fish from each trawl sample are counted and placed on ice until morning.  Each kokanee is measured and weighted individually. All fish over 170 mm are checked for maturity.  Scales are taken from 10 fish in each 10 mm size interval for aging.  

Fish numbers/transect (haul) will be divided by transect volume and the age‑specific and total number of kokanee for each stratum and lake total will be  calculated using standard expansion formulas for stratified sampling designs (Scheaffer et al. 1979).  The area of each section will be calculated for the 91.5 m contour; however, the northern section is calculated from the 36.6 m contour because of shallower water.  The 91.5 m contour will be used because it represents the pelagic area of the lake where kokanee are found during late summer (Bowler 1978).  For consistency, these same areas have been used each year since 1978.  Ninety percent confidence intervals will be calculated on the kokanee abundance estimates  (Scheaffer et al. 1979).  (Previous trawling has shown that a sample size of 36 trawls gives a 90% confidence interval of +/- 25%.)

Potential egg deposition (PED) will be calculated by estimating the number of mature female kokanee of ages 3 and 4 in the lake during trawl sampling and multiplying it by the mean fecundity of females seen at the Granite Creek spawning station.  We then subtracte the number of eggs collected by hatchery personnel at the Cabinet Gorge Hatchery and Granite Creek egg-take stations to determine the number of eggs spawned by wild fish (wild PED).   

Task 1 c.  Cold-brand the otoliths of all hatchery produced fry that are stocked into the lake.  Read otoliths to separate wild and hatchery fish.  All kokanee fry released from the Cabinet Gorge Fish Hatchery will be marked by “cold branding” their otoliths (Volk et al. 1990).  (This was the fourth year that fry released into Lake Pend Oreille were cold branded.)  The intent of this marking was to be able to separate hatchery and wild kokanee throughout their life cycle by noting the dark banding pattern on the otoliths of the hatchery fish. 

Cabinet Gorge Fish Hatchery personnel rear and mark all of the kokanee fry.  Fry within an individual raceway were from eggs collected within ten days of each other.  Thermal treatments were initiated five to ten days after fry entered their respective raceways.  Fry were treated to create unique banding patterns on their 

Twenty fry from each raceway will be sacrificed to verify the thermal marking.  These fry will be sent to the Washington Department of Fish and Wildlife, Otolith Laboratory, in Olympia Washington.

Before shipment, we will catalogued each fish, record total length and weight, and remove and catalogue the saggital otoliths.  Otoliths sent in for analysis will not be randomly chosen.  Instead we attempted to send approximately 10 pair of otoliths from each 10 mm size grouping. 

Washington Fish and Wildlife personnel will then remove one sagitta from each of the 200 vials and oriented it on a glass plate labeled to associate the otolith with the specimen vial.  Under a fume hood, otoliths will be positioned on a glass plate and surrounded with a preformed rubber mold.  Rubber molds will then be filled with clear fiberglass resin and warmed in an oven for approximately 1 h for curing.  The resulting blocks of resin containing the otoliths will be cut into groups of four otoliths per block for sectioning and polishing.  Blocks of four otoliths will be lapped on a rotating disc of 500 grit carborundum paper until the nucleus of each otolith is clearly visible.  The otoliths will then be polished using a rotating polishing cloth saturated with one micron deagglomerated alpha alumina and water slurry.  After lapping and polishing, the otoliths will be examined with a compound microscope at 200 power and/or 400 power magnification.  Patterns within the otolith will be compared to those on reference samples taken from the hatchery during fry incubation.  For accuracy, two independent readers examine each otolith.   Differences between the readers will be settled by re-examining the otolith. 

Task 1 d.  Conduct hydroacoustic surveys of the lake to get a more accurate, less bias, estimate of kokanee abundance. We propose to conducted hydroacoustic surveys on Lake Pend Oreille at night during August of each year.  Twenty transect locations will be  randomly chosen in each of three lake sections for a total of 60 transects.  We also will randomly selecte a compass bearing for the direction of each transect. This design has been shown to produce a 90% confidence interval of +/- 15%.


At each location, a 10 minute hydroacoustic survey will be conduced using a Simrad EY500 portable scientific echosounder.  Boat speed is approximately 1.5 m/s.  (Boat speed does not affect our calculations of fish density.)  Echosounder will be set to ping at 1.0 s intervals.  Calibration of the echosounder is checked using a copper calibration sphere before the start of surveys and gains adjusted to achieve the correct target strengths.  Echosounder is annually calibrated to correct for signal attenuation to the sides of the acoustic axis using Simrad’s Lobe program. We analyze the survey information using Simrad EP500 software version 5.2.


About four hundred fish will be “trace tracked” to determine the target strengths of fish which would be used to separate age classes of kokanee.  To be considered a fish in the trace track, it needs to be detected (pinged) at least twice, not move more than 30 cm vertically between detections, and not be missed by more than 1 ping during the tracking.  A bar graph of target strength versus frequency will be drawn.  We will use the low points on the graph to define the breaks between age classes of fish.   


All pelagic “targets” between –45 dB and –33 dB will be considered kokanee from ages 1 to 5.  To split these fish into abundance estimates for each age class, the hydroacoustic estimate of abundance for each lake section will be multiplied by the proportion that are ages 1 through 5 in the trawl catch within that section.  


Targets between –60 and –45 dB will be considered kokanee fry.  To estimate abundance of hatchery and wild fry, we will take the total estimate of fry in each section of the lake based on hydroacoustics and multiplied it times the proportion of each type of fry collected in the trawl samples for that section. (Fry in the trawl samples will have their otoliths sent to Washington Department of Fisheries to see if they had the cold-brand mark of a hatchery fish.)  A second method will also be used where fry abundance based on hydroacoustics is multiplied by the proportion of each type of fry collected in the fry net samples in each section of the lake. Section totals are then summed to get lake-wide abundance estimates of hatchery and wild fry.  

Task 1 e.  Trawl the lake with a small mesh fry net in a stratified-random survey design to determine porportion of hatchery and wild kokanee fry.    The fry net will be  1.27 m by 1.57 m across the mouth (2 m2) and 5.5 m long.  Bar mesh size for the net is 0.8 mm by 1.6 mm.  The sampling bucket on the cod end of the net containes panels of 1 mm mesh.   A Kahlsico digital flowmeter model 005WE138 will be secured in the net’s mouth 1/3 of the way between the net frame and the center of the mouth.  Sampling will be conducted during September of each year.   We will tow the net at five randomly chosen sites in each of the lake’s three sections (total 15 tows).  Boat speed will be 1.45 m/s.  Oblique tows will be made through the layer of kokanee seen on the boat's echosounder.  Depths range from 13 m to 41 m.  Net will be towed for 3 min at each “step” (a step corresponded to a 15 m length of cable) until the entire kokanee layer has  been sampled. 

Density of fry is calculated for each net tow on the basis of the distance the net is towed (boat speed x time) times the area of the net mouth.  Flowmeter readings are not used since they erroneously record the distance while the net is lowered and raised.   Density estimates are averaged per section and expanded by the area of the section.  Estimates of fry within each section will be summed to determine a lake-wide population estimate of fry.  Otoliths from trawl caught fry will be sent to Washington Department of Fisheries for analysis.  The percent of hatchery and wild fry in each lake section will then be applied to the hydroacoustic estimates of fry in that section.  

Task 1 f.  Compare kokanee population to past data and relate to changes in lake level using multiple regression analysis.  Using standard statistical techniques, we will analyze population data to look for statistically significant trends. 

Task 1 g.  Conduct spawner counts of kokanee along shoreline and relate to past data, to gain a second index of kokanee abundance.  We will walk standard shoreline areas and tributaries and counted spawning kokanee.  All areas surveyed have been documented as historical spawning sites (Jeppson 1960).  Nine shoreline areas will be surveyed once a week for three straight weeks starting with the third week in November.  All kokanee, either alive or dead, will be counted.  The highest count at each site will be reported. 

Seven tributary streams will also be surveyed by walking upstream from the mouth to the highest point utilized by kokanee during the same period as shoreline counts.  Trestle Creek, which supports a run of early spawning kokanee, will also be surveyed during September for spawners.

Task 1 h.  Calculate survival rates of kokanee and determine if lake level changes cause changes in survival. Survival rates will be calculated by tracking kokanee from one year to the next. 

Task 1 i.  Map location and depth of kokanee spawning along 100+ miles of shoreline to determine if population is expanding into new areas.  Shoreline area will be surveyed by boat and depth and area of redds will be recorded by lake section.  Expansion of the population into new areas, and the movement of redds into water of suitable depths, help to explain why kokanee survival rates may be improving.  

Task 1 j.  Build artificial spawning areas on the shoreline of the lake and monitor use, survival rate of eggs, and changes in gravel quality. Evaluate potential to improve kokanee on a lake-wide scale.  Six experimental 10’x10’ cribs will be built on the shoreline of the lake at water depths of 5 to 8 feet.  Cribs will be placed in three different areas and on different quality of substrates.  About one foot of gravel will be laid in each crib.  Numbers and location of redds in the cribs will recorded and the redds marked with colored stakes. Samples of the redds will be excavated to determine the number of eggs in an average redd, and multiplied by the number of redds to determine total egg deposition within the crib.  Approximately 20 randomly chosen core samples will be taken from areas around the redds to look for additional eggs.  Fry traps will then be attached to the crib to collect emerging fry during the spring.  If in-lake spawning beds prove successful, the investment it would take to improve the kokanee population on a lake-wide scale will be calculated. 

Objective 2. Have no net change in the amount of shoreline spawning gravel (maintain 1.7 million sq. ft.) due to erosion or siltation during this experiment. 


Task 2 a.  Monitor the quality of shoreline gravel by scuba diving and core sampling, then analyze the content of silt, sand, gravel, and cobble.  Use data to make recommendations on future lake levels. Five areas of shoreline will be sampled  to determine if potential spawning gravel is increasing in silt content or becoming unusable to kokanee spawners.  Areas surveyed included the lake’s shoreline at a site in Garfield Bay, at Trestle Creek, just north of the mouth of North Gold Creek, at Hope, and at Ellisport Bay. Each of these sites was surveyed in 1992 (Maiolie and Elam 1993), and was a historic location for kokanee spawning (Jeppson 1960).  


Sampling will be conducted during July.  At this time the lake will be at its summer full pool level and all gravel samples will be collected while scuba diving. We will tie a rope to the shoreline at each transect location and stretched it out into the lake perpendicular to the shore. Two random samples will be collected at 1 m intervals on each transect.  Samples will be collected by scooping approximately 2 liters of substrate into a container and sealing it underwater so fine material would not be lost during transport to the surface. 

  
Each sample will be individually bagged, labeled, and oven dried.  We will then screen each substrate sample through soil sieves of the following sizes: 63.5 mm, 31.8 mm, 15.9 mm, 9.5 mm, 6.3 mm, 2 mm, and 0.84 mm.  The substrate retained on each screen, and the substrate which fell through the finest screen, will then be weighed and calculated as a percent of the weight of the total sample.  We defined “cobble” as substrates that were 31.8 mm and larger, “gravel” as substrates between 31.8 and 6.3 mm, and “fines” as the substrate smaller than 6.3 mm. 


Objective 3.  Increase the warm water fish population in the Pend Oreille River seven fold.   


 Task 3 a. Monitor warm water fish populations in the Pend Oreille River by gillnetting, seining, and electrofishing and compare to data collected in 1991 and 1992.  This task will involve using the same methodology as Bennett and Dupont (1993) to quantify the relative abundance of sportfish in the Pend Oreille River.  Netting will be done before and after the winter of high and low water years to compare over-winter survival rates.  Fish will be aged to determine if they came from years when the river elevation was higher.  Studies will determine if high and low elevation during winter are allowing the increase of warm water fish in the river. 

Objective 4.  Monitor baseline limnological factors which influence the lake’s fish populations.  

Task 4 a.  Monitor temperature, oxygen, secchi transparency, and nutrients throughout growing season.  We propose to measured water temperature, dissolved oxygen, total dissolved phosphorous, and water clarity (Secchi transparency) monthly from March through October  of each year.  Data will be collected at three standardized stations that represented the southern, middle, and northern sections of the lake.  Sample dates will be approximately the middle of each month.  We will used  Yellow Springs Instrument Company model 57 meter to measure temperature and dissolved oxygen from the surface to a depth of 59 m.  The meter will be calibrated before each survey using the “water saturated air” method suggested by the manufacturer.  Water clarity will be monitored at each station using a 20 cm diameter Secchi disc during each survey. 


Task 4 b.  Estimate the population of Mysis shrimp in the lake.  Opossum shrimp Mysis relicta will be sampled during June to estimate their abundance and determine whether changes in shrimp abundance could influence the outcome of the lake level experiment.  All sampling will be done at night during the dark phase of the moon.  Eight sampling sites will be randomly located in each of three sections of the lake.  We will use GPS (global positioning system) coordinates to locate each sampling site.  

We will collect shrimp using a hoop net that is 1 m in diameter and equipped with a flowmeter.  Net mesh and cod-end bucket mesh measured 1 mm and 0.5 mm, respectively. We will lower the net to a depth of 45.7 m (150 ft) and raise it to the surface at a rate of 0.5 m/s using an electric winch.  Shrimp will be placed in denatured ethanol for preservation.  Mysids will be measured from the tip of the rostrum to the end of the telson, excluding setae, and classified into five categories according to sex characteristics; young of year, immature males and females, and mature males and females (Gregg 1976, Pennak 1978).  

Objective 5.  Improve hatchery stocking program so that it contributes 375,000 kokanee to the harvest.


Task 5 a.  Determine where in the life history of a hatchery kokanee is survival relatively poor.  The method for this task is to compare survival rates of hatchery and wild kokanee of each age class.  Otoliths from 30 trawl-caught kokanee of each age class will be sent to Washington Department of fisheries to have their otoliths examined and determine if they are of wild or hatchery origin.  Comparison should show at what life stage hatchery fish survival is poor when compared to wild if.  Once this is known, corrective methods can be investigated.  For example, if survival is poor during the first few months, then new stocking methods can be tried.  If , however, survival is poor across all age classes, then the problem may be much more systemic.  In that case, different culture methods or brood stock may be needed. 


Task 5 b.  Determine whether or not hatchery kokanee negatively affect the survival of wild kokanee.   The survival rates of both types will be regressed against the number of kokanee stocked.  Poor wild kokanee survival in years of high hatchery stocking would indicate competition.  In this case stocking rates may need to be adjusted. 


Task 5 c.  Collect otoliths from hatchery and naturally-spawning adult kokanee returing to Sullivan Springs Creek and determine survival rates.   The proportion of the two stocks of kokanee in the creek will be compared based on their otoliths.  If naturally spawning kokanee are found to make up a large portion of the run, then more fish may be released above the weir in the future. 

Objective 6.  Coordinate project findings with all interested parties. 


Task 6 a. Produce quarterly reports, news releases, annual reports, slide shows, radio shows, and publications.  Methods are self-explanatory. 

g. Facilities and equipment
Currently on the project we have the most expensive pieces of kokanee monitoring equipment such as the 29 ft. diesel trawler, split beam echosounder, and survey boat.  We also have a crew that is trained to use these items.  We have three GSA vehicles and four computers and are currently renting a field office on the south shore of Lake Pend Oreille.  We also have scuba diving gear, nets, and winches. 

  
There is a considerable amount of other equipment within the Department of Fish and Game which is available to our project if it is needed.  The Department can, and does, provide volunteer workers, administrative and computer help, manpower, equipment and storage space, bunk facilities at the State fish hatcheries, and expertise on many subjects. 
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Section 10 of 10. Key personnel

The principal investigator on the project is Dr. Melo A. Maiolie, Principal Fishery Research Biologist.  He has been working for the Department of Fish and Game for 13 years, with 8 of those years in fisheries research.  He received a B.S., M.S. and Ph.D. in Fisheries and Wildlife Management from West Virginia State University (1977), and Colorado State University (1979,1985).  Dr. Maiolie works half time on this project and half time on the Dworshak Impacts Assessment Project.  He has been working on reservoir projects, and projects involving the federal hydropower system for over 16 years.   His Ph.D. work was on the impacts of a pumped-storage power plant on the fish community of a high mountain lake in Colorado. 


Bill Harryman, Sr. Fisheries Technician, works 6 months per year on this project.  Bill has been with the Department of Fish and Game for 15 years.  He received a B.S. in Fisheries Management and a second B.S. in Wildlife Management from the Univ. of Idaho in 1986.   His areas of expertise include 10 years of intensive aquaculture experience at both anadromous and resident trout/salmon hatcheries, conducting hydroacoustic population estimates, trawling, and conducting egg incubation studies.  Bill is certified scuba diver and experienced field technician. 

Bill Ament, Sr. Fisheries Technician, works 6 months per year on this project.  He has been with the Department of Fish and Game for 4 years.  Bill worked for 2 years on both the rainbow trout and burbot portion of the Kootenai River research project.  Prior to this, he worked for 1 year on Lake Pend Oreille doing kokanee population monitoring.  He received a B.S. in Wildlife and Fisheries from the University of Idaho in 1977.  His particular expertise on this project includes: mid-water trawling, shoreline gravel sampling, scuba diving for egg incubation studies, and aging kokanee by otoliths and scales. 

Mark Duclos, Biological Aide, has worked for 4 years on this project.  Mark is a certified scuba diver, and an experienced boat man. He is a seasoned veteran of  trawling, hydroacoustics, and shrimp sampling. 
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