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a. Abstract

Lake Pend Oreille is the largest natural lake in Idaho; 90,000 acres.  Sport fisheries in the lake have been severely impacted by hydropower development on both the inflow and the outflow of the lake (Maiolie and Elam 1993, Fredericks et al. 1995 , Paragamian et al.1991).  Consistently drawning the lake down 11 feet annually has taken  the kokanee population from an estimated 5 million fish (able to support a 1 million fish harvest) to a population unable to support a sport fishery.  The low kokanee population has declined to the point where it can no longer support the populations of rainbow trout, bull trout, and lake trout in the lake.  (The diet of all three of these species is 60 to 80 % kokanee.)  Until kokanee recover, the predator population needs to be reduced.  To our knowledge, no literature exists which describes the balance point between a kokanee population and its predators.  However, it appears we have past this point since kokanee survival rates from age 1 to age 2 have dropped from 80% to less than 20%.  This bottleneck in the population has, for the last two years, prevented good year classes of kokanee from recruiting to the older age classes and benefitting the next generation.  Reductions in survival of this magnitude will ultimately extirpate kokanee from the lake.  Should kokanee collapse, bull trout, rainbow trout, and lake trout will be in direct competition for a limited forage base.  This consitutes enough of a threat to the bull trout population that the USFWS in their draft Biological Opinion has recommended changing lake levels to enhance kokanee spawning and thereby reduce the risks to the bull trout population. 

However a short term predation problem is still thought to exists.  This project proposes to develop methods to quantify pelagic predators in the lake (rainbows and bull trout) by using hydroacoustics.  The uncertainty we propose to solve is to identify the species of fish  seen on the echosounder. This will be done through cluster analysis of the echograms and tagging studies to show the habitat use of each species.  By using hydrosonic tags and recording tags, we can learn the depth and temperature used by these predators at night, and then enumerate them on the hydroacoustic surveys. 

Secondly, the project proposes to define the balance point between predators and prey.  Previous bioenergetic studies, with their many assumptions, have failed to estimate this point with much confidence. The kokanee population showed sharp declines in survival once the ratio of  predator to prey got above 1 kg of predators to 6 kg of prey.  Therefore we will use this as a starting point for our work.  Lake Pend Oreille at the current time is a real world example of the conditions that exist as a kokanee population collapses. We can gain valuable empirical data of the balance of predator and prey by monitoring both predator and prey abundance, enhancing the kokanee population, and reducing the predator population.  We can then document kokanee survival rates and abundance to determine the balance point.  Balancing predator and prey will be considered from the standpoint of mass balance and production versus yield. 

The project proposes to help reduce predator abundance in the lake. Recent fishing regulation changes have greatly expanded the opportunity to harvest rainbow and lake trout which should help reduce predation.  We propose adding prize money to two long standing fishing derbies that are held on the lake each spring and fall.  Conceivably these two derbies could account for more lake trout and rainbow trout harvest than all the fishing the rest of the year.  

b. Technical and/or scientific background

Overall problem: Lake Pend Oreille, Idaho, is nationally recognized for its trophy fisheries.  It holds the title for producing the world record rainbow trout (37 pounds), the state record bull trout (32 pounds), and numerous lake trout over 30 pounds.  These trophy species feed on what was once an abundant population of kokanee.  Kokanee are nearing the point of collapse and populations are too low to sustain the current level of predation.  Kokanee have been declining for the last 34 years due to the consistently deep drawdowns of the lake (Maiolie and Elam 1993).  


Currently there is no accurate method to estimate kokanee predators.  Studies by Vidergar (2000) used mark and recapture to estimate predator numbers.  Estimates took two years to complete and had confidence intervals of +/- 80%.  We propose to develop a hydroacousitic method that will give accurate estimate of the pelagic predators on an annual basis. Hydroacoustic estimates of kokanee have been conducted annually since 1995 and demonstrate the feasibility of this approach.  However, a different survey design is needed which is more intensive since it would need to cover a great deal more water.  Also, large fish on the echograms need to be identified to species.  We feel this could be done by knowing the nighttime habitat preferences of the various species at different times of the year.  Most hydroacoustic assessments require the partitioning of acoustically derived abundance estimates into various species based on auxiliary information (Thorne 1983).  The depth of the fish, water temperature, nearness to the bottom, and depth of water will be used in a cluster analysis to define the fish assemblages.   Tagging studies will then be used to define the habitat preferences for the lake’s predatory species, starting with rainbow trout.  Trawl data on fish species will be collected by the Lake Pend Oreille Fishery Recovery Project and will help to define the distribution of kokanee.  Because of the low sample volume by the trawl net, however, collection of rainbow trout or bull trout is rare. 


Numerous studies discuss the balance of predator and prey, dating all the way back to Swingle’s articles in the 1950’s.  To our knowledge, no prediction of balance for a kokanee prey base exists in the literature.  Many recent articles utilized bioenergetics as an approach to finding the balance point. Some studied, such as the one by Negus (1995), point out the many assumptions and erroneous results that occur.  Vidergar (2000) used bioenergetics to determine that predators were eating approximately 154 tons of kokanee per year (+ or – more than 80%) or roughly 60% of kokanee production.  In this project we propose to empirically define the balance point by monitoring both predator and prey as the situation improves. This will be done two ways.  First we propose a mass balance approach that compares pounds of pelagic predators to pounds of prey.  These ratios will be compared to kokanee survival rates to determine the balance point.  And secondly, we will estimate kokanee production and yield at different densities to determine the point at which kokanee production can no longer sustain the amount of yield. 

c. Rationale and significance to Regional Programs

How this project relates to the goals of the Fish and Wildlife Program 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.  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 rebuild 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) that 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 that says increased flows during spring runoff 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 been 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. A creel survey in 2000 estimated Kamloops rainbow trout supported a harvest of over 8,000 fish (Fredericks, personal communication, IDFG).  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 provide a direct benefit to several species of warm water fish, including bass crappie and perch, in the Pend Oreille River.


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 somewhat more natural hydrograph 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. 


Relation to the Subbasin Summary-  This project addresses one of the two limiting factors to kokanee in Lake Pend Oreille as stated in the Subbasin Summary.  That limitation is predation.  Because of the low kokanee abundance (due to drawdowns which affect spawning habitat) predation levels appear too high and have limited kokanee survival from age 1 to age 2 to less than 20% (Maiolie et al. 2000).  The summaries second objective under Goal 1 is to balance predator and prey populations to a 1: 10 biomass ratio within the next 3 years.  The summary’s stated tasks are to develop a hydroacoustic method to determine pelagic predator abundance, monitor kokanee survival rates, and re-balance predator and prey if needed through active removal and changes in fishing regulations. 

d. Relationships to other projects 
 
The only other project funded for Upper Pend Oreille Subbasin is the Lake Pend Oreille Fishery Recovery Project.  The Fishery Recovery Project deals mostly with kokanee restoration.  This proposed project complements it by dealing with the predation side of the equation.  The two projects can share office space, equipment, and some manpower to reduce overall costs. 


This project may have implication to other projects that include kokanee.  On Dworshak Reservoir for example, the hope is to stabilize the kokanee population and then consider adding a trophy species to the reservoir.  This project will help to define the benefits that may result, which can then be weighted against the risks. 

e. Project history (for ongoing projects) 


This is a new project that has no past history. 


Novel methods-  Using hydroacoustics to estimate the abundance of fish populations is not a new methodology.  However, using cluster analysis to group the different types of fish seen on the echograms, and to then use tagging studies to define species-specific habitat variables is a novel approach.  By combining these two methods we hope to be able to estimate the abundance of the various pelagic predators in Lake Pend Oreille.  To our knowledge, no such approach has ever been tried for a pelagic fish assemblage similar to Lake Pend Oreille. 

f. Proposal objectives, tasks and methods

Objective 1.  Balance the pelagic predator and prey populations at a standing stock of less than 1 kg/ha predator to 6 kg/ha prey.


Task 1 a.  Annually survey predators in Lake Pend Oreille using a split-beam echosounder and design a survey with enough samples to get a confidence limit of + or -  50%.   To accomplish this task we will use a split-beam echosounder from the Lake Pend Oreille Fishery Research Project.  Surveys will be run across the lake from shore to shore.  In a test last year, 73 miles of transects were surveyed to see 12 large fish.  This gave a population estimate of 15,500 fish.  This estimate was similar to Vidergar (2000) estimate of 14,600 Kamloops rainbow in 1998.  Our confidence limits, however, did not meet our objective of +/- 50%, indicating more transects are needed.  We propose to conduct surveys during mid-summer when rainbows should be seeking the deeper, cooler waters near the thermocline.  This should make them detectable on the echosounder.  


Task 1 b.  Use cluster analysis to define different fish species on the echosounder based on their habitat variables.   We propose to use the echograms to define the habitat characteristics of different groups of fish.  Variables such as depth of the fish, depth of the water, target strength, water temperature, and distance off of the bottom will be used in a cluster analysis to see if fish can be partitioned into “clusters” that may match the different species.  Standard statistical software, such as Systat, will be used for the cluster analysis. 


Task 1 c.  Track predatory fish using sonic tags to document the habitat they use during the times of the hydroacoustic surveys.   We propose to tag rainbow trout with depth sensitive sonic tags and follow them 24 hours a day to determine their habitat usage.  We are particularly interested in their nighttime habitat during mid-summer when the hydroacoustic survey will likely be run.  If rainbow trout go deep at night, and stay in the pelagic area, then they would likely be vulnerable to detection by the survey.  If they stay shallow, go to the shoreline, or go near the lake’s bottom, they would be difficult to detect by hydroacoustics.   If this approach appears feasible, then lake trout and bull trout will be studied in future years.  


Task 1 d.  Place small depth-temperature recording tags on rainbow trout and lake trout and offer rewards for anglers that return the tags.   In studies by Vidergar (2000) 10% of the tagged rainbow trout, 12% of the tagged bull trout, and 12% of the tagged lake trout were harvested.  We propose to externally tag 30 rainbow trout with small recording tags to determine their diurnal migration.  Harvest should be higher in 2002 with our increased emphasis on harvesting rainbow trout.  Even if only three tags are returned, we should gain valuable information on the daily distribution of rainbow trout which will help to define their habitat usage on the echograms.  If this work on rainbow trout is successful, then lake trout will be studied in future years.  


Task 1 e.  Calculate a population estimate and a biomass estimate for pelagic predators.  Population estimates of predators will be made using Simrad’s EP Post-processing software and trace-tracking the larger fish (larger than kokanee).  Once population estimates are made a biomass estimate will be calculated.  Numbers of fish will be multiplied by their mean weight in the anglers creel to estimate biomass.   This will then be compared to the biomass estimate for kokanee in the lake from the Lake Pend Oreille Fishery Recovery Project. 

Objective 2.  Redefine the point of balance for predators and prey in Lake Pend Oreille where kokanee survival drops below 50% for any year class. 

Task 2  a.  Compare kokanee survival rates to predator abundance estimates and define the mass balance point at which predators reduce kokanee survival.  Maiolie (2000) found that kokanee survival dropped from 80% to <20% at the time that predator to prey ratios exceeded 1:6.  We propose to monitor this balance point for several more years to see if the pattern  remains the same.  


Task 2 b.  Compare mass balance points to literature examples of balance based on bioenergetics.  This will be done by a review of the available literature. 

Task 2 c.  Develop a production based methodology for predator-prey balancing, (ie. kokanee production compared to predator production, predator consumption, or kokanee yield).  Kokanee production (the amount of kokanee flesh grown) and kokanee yield (the amount of kokanee that die) will be tracked annually.  They will be regressed against kokanee biomass to help to define the point and which predation exceeds the kokanee populations ability to provide forage.  Secondly,  kokanee production will be compared to the consumption of kokanee provided by Vidergar (2000) for 1998.  Since predation levels are dynamic, bioenegetics modeling will need to be redone once new  population estimates are made. 

Objective 3.  Research and implement methods for the removal of rainbow trout that  will not impact bull trout, until balance point is reached (currently thought to be 1:6).

Task 3 a. Add prize money for lake trout and rainbow trout harvest to the K & K fishing derby and "mac of the month" derby and determine the increase in harvest. Implement annually if effective.   The Lake Pend Oreille Idaho Club holds both of these derbies.  This club has held derbies on the lake since the 1940’s and runs a high quality, respectable derby.  This gives us a good opportunity to have anglers harvest large quantities of rainbow trout and lake trout with very little impact to the bull trout population.  During the derby, anglers are given cards to record their catch and state how many fish are harvested or released, which provides valuable information.  We propose to add additional prize money for the harvest of lake trout and rainbow trout in the hopes of reducing their abundance.  Harvest would be tracked and compared to past derbies to see if the additional money increased harvest.  

Task 3 b.  Determine feasibility and locations for using gill nets to actively remove rainbow trout.  If this is feasible, socially acceptable, and needed, then implement in the third year.  The kokanee population is at new record lows for abundance.  If it continues to drop, then active removal of rainbow trout will be warranted before kokanee numbers are irretrievably low.  News releases will be written describing the situation and urging the public to harvest more rainbows and lake trout.  The best locations for netting will be chosen by examining the echograms and the studying the fishes life history.  Netting in tributary stream will be examined as a way to avoid bull trout while harvesting large rainbow trout.  
Objective 4.  Publish results of the study to keep other scientists aware of our progress.

Task 4 a.  Write two publications, one on hydroacoustic methods to assess predator populations and one on balancing predators to a kokanee prey base during year three. Self-explanatory. 

Task 4 b.  Write annual reports, quarterly reports, and give project presentations where needed.  Self-explanatory. 

Objective 5. 5. Minimize the competition between bull trout and other predatory fish.  Kokanee survival rates over 50% would indicate forage is not in limited supply.  

Task a .   Conducting the above activities to balance  predation also accomplishes the objective of reducing competition with bull trout.  No new tasks are proposed.  Accomplishing the above tasks accomplishes more than one objective. 
g. Facilities and equipment
Currently on the project we have the most expensive pieces of monitoring equipment such as the 26 ft. survey boat, and the split beam echosounder.  We also have a crew that is trained to use these items.  We have three vehicles and four computers and are currently renting a field office on the south shore of Lake Pend Oreille.

  
There is a considerable amount of other equipment within the Department of Fish and Game that 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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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 15 years, with 10 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. 


A new biologist will likely be hired for this project.  Typically, biologists have a M.S. degree in fisheries often with several years of work experience. 

1

