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a. Abstract 
The goal of this project is to provide scientific information that will aid in the conservation and management of native fishes inhabiting Wallowa Lake. Recent changes in key population indicators suggest Wallowa Lake's kokanee population may be incurring negative impacts from introductions of lake trout and mysid shrimp (Mysis relicta).  Over the past few years average size of kokanee in the fishery has increased while catch rate has declined and these changes have occurred subsequent to the introduction of both lake trout and M. relicta. To initially address these changes in the Wallowa Lake ecosystem, we propose the first application of Oregon Plan for Salmon and Watershed principles to a lake system. We propose to monitor and evaluate both physical and biotic conditions in Wallowa Lake including temperature, dissolved oxygen, and zooplankton production. We also propose to evaluate the potential predatory impact of lake trout and competitive impact of M. relicta on kokanee and bull trout and develop a program to control lake trout if the impact is significant. To develop quantifiable interactions we propose to collect information on the distribution, abundance, and size structure of the lake trout, bull trout, kokanee, and M. relicta populations using netting, angler surveys, and hydroacoustic techniques. This information will then be used in a bioenergetics modeling approach to measure the impacts of introduced species. In the near-term, this study will collect much needed data for the preservation of native fisheries. This proposal will also provide biological information to evaluate the potential for future sockeye salmon reintroduction. However, we believe an assessment of the sustainability of the resident kokanee population should be completed before reintroduction of anadromous sockeye salmon is seriously considered.

b. Technical and/or scientific background
We propose to implement the principles of the Oregon Plan for Salmon and Watersheds (OPSW) to monitor and assess the biotic conditions in Wallowa Lake for the preservation of native fisheries, and potential future reintroduction of sockeye salmon. OPSW principles are widely accepted for the monitoring of streams and rivers. Here, we make the first application to a lake system. Wallowa Lake is the only lake in the Blue Mountain Province that historically supported anadromous salmonids and is the most important natural lake fishery for native species in the Province. While fish communities in fluvial systems are largely controlled by abiotic factors, communities in lakes are more likely to be controlled by biotic interactions among species at differing trophic levels. We therefore, emphasize both physical and biotic measures in our proposed monitoring plan for Wallowa Lake. 

Proper functioning trophic dynamics in lakes are essential for successful fisheries and the preservation of native species. To evaluate trophic dynamics, biotic interactions among species need to be evaluated for their effect and magnitude particularly when introduced species alter the transfer of resources among trophic levels. For this reason, monitoring the biotic interactions in lakes is crucial for understanding system functions and how changes to the system may affect desired resources. Recent changes in key population indicators suggest Wallowa Lake's kokanee population may be incurring impacts from introductions of lake trout and mysid shrimp (Mysis relicta).  Over the past few years maximum size of kokanee in the fishery has increased while catch rate has generally declined (Figures 1,2).  These factors suggest kokanee numbers are declining due to interactions with introduced species and this decline may be accelerated through a depensatory response induced by angler catchability of larger-sized fish (Reiman and Maiolie 1995).  If survival of juvenile kokanee is affected by interactions with M. relicta and lake trout, similar impacts could be expected for naturally produced sockeye salmon.  Historically, the lake supported a run of sockeye salmon of at least 10,000 fish but sockeye were extirpated in the early 1900’s (Cramer and Witty 1997). Overharvest, hatchery practices, and ultimately, the construction of the irrigation storage dam contributed to the extirpation of Wallowa Lake sockeye. Bull trout were extirpated from Wallowa Lake by trapping adults moving upstream into the Wallowa River in the 1940's and 1950's (Rayner 1947).  In 1997, a reintroduction of bull trout was attempted when approximately 600 bull trout were salvaged from the decommissioning of a hydroelectric project in the Little Sheep Creek drainage (Imnaha River basin) and stocked in the Wallowa River immediately upstream of the lake. However, no systematic monitoring has occurred to assess the success of this transplant. A better understanding of the ecology of the lake is needed in order to make informed decisions regarding the management of kokanee and bull trout and the potential success of any future sockeye salmon reintroduction efforts.
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Figure 1.  Mean (points) and range (vertical lines) in fork length of kokanee sampled from 1970 to 1999 during annual spawner surveys in the Wallowa River upstream of Wallowa Lake (B. Knox, ODFW, unpublished data).
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Figure 2.  Mean annual catch rates for kokanee (#/hour) in the Wallowa Lake sport fishery. Data are from annual creel surveys (B. Knox, ODFW, unpublished data).

In a number of northwest lakes the combination of lake trout and mysid shrimp introductions has led to ecological changes and severe reduction in productivity of kokanee and bull trout populations (Spencer et al. 1991).  In some cases kokanee populations have been eliminated. Lake trout are effective predators of kokanee where they have been introduced (Yule and Luecke 1993; Martinez and Wiltzuis 1995). Mysis relicta are effective zooplanktivores (Reiman and Falter 1981; Chess and Stanford 1998) and compete with fish for zooplankton (Johannsson et al. 1994). In oligotrophic systems lake trout often have difficulty recruiting through younger age classes due to inadequate forage. Mysis relicta, however, provide a quality forage base for young lake trout and enhance recruitment through young and intermediate age classes (Reiman et al. 1979). By escaping the recruitment bottleneck experienced by younger age classes, lake trout abundance often increases after establishment of M. relicta.

Previous studies have evaluated the feasibility of reintroducing sockeye salmon to Wallowa Lake (Cramer 1990; Cramer and Witty 1997) but have failed to estimate the biotic interactions in the lake that may limit reestablishment.  Cramer and Witty (1997) concluded that the prospect for sockeye reintroduction was fair. However, several major challenges needed to be overcome including the compromising of the zooplankton community by introduced M. relicta and passage over the irrigation dam at the outlet of Wallowa Lake (Cramer and Witty 1997). Recent developments may alleviate  passage problems because a request for congressional funding to rehabilitate the existing irrigation dam on the outlet of Wallowa Lake contains measures that would allow for fish passage (Anonymous 2001).

Ultimately, we plan to evaluate the potential predatory impact of lake trout and competitive impact of M. relicta on kokanee and bull trout and develop a program to control lake trout if the impact is significant. However, before interactions can be quantified, we require information on the distribution, abundance, and size structure of the lake trout, bull trout, kokanee, and M. relicta populations. We also require basic habitat measures of the lake including temperature, dissolved oxygen, and zooplankton production. Monitoring populations and their habitat is a main principle of the Oregon Plan for Salmon and Watersheds. We propose to apply the principles within the Oregon Plan and develop methodologies for monitoring lakes. And finally, we require diet information of the potential predators and competitors and an estimate of exploitation of kokanee exerted by anglers. We foresee this basic information need requiring a minimum of three years of data collection.

To estimate the predatory and competitive effects of introduced species on native fishes, we propose to use a bioenergetics modeling approach. Bioenergetics models have become important tools for quantifying trophic supply and demand (Ney 1990). These models have been used successfully to estimate the predatory impacts of salmonines (e.g., Stewart and Ibarra 1991; LaBar 1993) and consumption by Mysis sp. (Rudstam 1989; Johannsson et al. 1994). More specifically, the bioenergetics modeling approach has been used to investigate the effects of introduced lake trout in Western lake fisheries. For example, Ruzycki et al. (in press) demonstrated the competitive influence of introduced lake trout on native cutthroat trout in Bear Lake, Utah-Idaho. A similar approach to the one proposed here has also been applied to demonstrate the predatory impact of introduced lake trout on cutthroat trout in Yellowstone Lake, Wyoming (Ruzycki and Beauchamp 1997). Johannsson et al. (1994) also used a bioenergetics approach to show that Mysis can compete with fish for zooplankton. We will use established and parameterized models for our simulations including the model software of Hanson et al. (1997). This model has been parameterized and applied to lake trout (Stewart et al. 1983), sockeye salmon (Beauchamp et al. 1989), and Mysis sp. (Rudstam 1989).

c. Rationale and significance to Regional Programs

This proposal addresses action items under the NMFS 2000 FCRPS Biological Opinion.  Under Section 9.6.5 Research, Monitoring, and Evaluation Plan, the RPA requires that a comprehensive monitoring and evaluation program be developed to determine the effectiveness of the suite of actions called for under the RPA.  The RPA proposes research, monitoring, and evaluation must address five areas:  population status monitoring, environmental status monitoring, effectiveness monitoring, quality of regional databases, and compliance monitoring.  The monitoring program described in this proposal will address population status monitoring and the habitat component of environmental status monitoring. Action 180 (Population Status and Environmental Status Monitoring) is fundamentally supported by this proposed monitoring program.  This monitoring program contains the essential elements of Tier 2 monitoring because our monitoring will be used to represent the entire fish and invertebrate populations of Wallowa Lake. RPAs 107 and 118 from the NMFS BIOP are also supported by this proposal because we would identify the potential for unaccounted losses to salmonids arising from predation by non-native species and water quality conditions in Wallowa Lake. Lake trout are capable of ingesting prey up to 50% their body length. Given their potential difference in body size, lake trout would therefore have the potential to prey on smaller individuals of any returning adult sockeye run. 
This proposed work is consistent with the monitoring needs for sockeye salmon, bull trout, and exotic species specified in the Grande Ronde Subbasin Summary (Nowak 2001) including:

1. Develop and implement, if appropriate, a plan to reintroduce sockeye salmon to the Grande Ronde River subbasin.

2. Continue presence/absence surveys to locate bull trout populations throughout the subbasin.

3. Evaluate ecological interactions between bull trout and anadromous salmonids.

4. Determine distribution of non-native species and their effects on native species.

5. Assess overall predation on salmonids by exotic species.

6. Continue long-term water temperature monitoring throughout the subbasin.

Under the Oregon Plan (Coastal Salmon Restoration Initiative, Steelhead Supplement, Executive Order No. EO 99-01) monitoring is one of the four essential elements to implement the plan.  This project proposal for the Blue Mountain Province is consistent and complimentary to the program ODFW has implemented in coastal watersheds.  This proposal also supports the implementation of the Oregon Plan statewide for all salmonids at-risk throughout the state. Oregon Plan for Salmon and Watershed principles are widely accepted for the monitoring of streams and rivers. We propose to make the first application to a lake system.

Bull trout population assessment information has also been identified as a need by the USFWS, NWPPC Fish and Wildlife Program. To meet this goal, the USFWS has identified several objectives including: 1) maintain current distribution of bull trout within core areas in all recovery units and restore distribution where needed to encompass the essential elements for bull trout to persist, 2) maintain stable or increasing trends in abundance of bull trout in all recovery units, and 3) restore and maintain suitable habitat conditions for all bull trout life history stages and strategies. This proposed project will provide information for managers to meet these objectives.

d. Relationships to other projects 
This project would provide additional needed information to successfully implement the Northeast Oregon Hatchery Master Plan (project 198805301). The Northeast Oregon Hatchery Master Plan proposes to develop a master plan for Wallowa Lake sockeye beginning in 2003. More complete biological information concerning the food resources and potential predators of reintroduced sockeye salmon would aide the development of a successful plan.

This project is consistent with the objectives of project 199405400 (Characterize the Migratory Patterns, Population Structure, Food Habits, and Abundance of Bull Trout from Subbasins in the Blue Mountain Province). We will collect population status, food habits, and distribution information for bull trout in Wallowa Lake.

This project would also provide baseline biological and physical measures within Wallowa Lake to assess potential future habitat enhancement or preservation projects in the Wallowa River basin above river mile 50.

e. Project history (for ongoing projects) 

This is a new project proposal.

f. Proposal objectives, tasks and methods
Objective 1.  Implement principles of the Oregon Plan for Salmon and Watersheds (OPSW) to monitor and assess fisheries and habitat in Wallowa Lake for the preservation of native fisheries, and potential for future reintroduction of sockeye salmon.

Task 1a:  Monitor distribution and abundance of fish populations in Wallowa Lake.
Lake trout will be sampled using variable-mesh gill nets and short-term net sets deployed along the bottom using a stratified random approach that represents the entire lake (Tier-1 level monitoring). Netting will be conducted during three periods of each year to capture seasonal changes in distribution and diet. One of these periods will include autumn sampling to locate potential spawner concentrations. All lake trout captured will be measured, sexed and weighed and sacrificed for diet and age analysis. Lake trout will be aged using scales and otoliths.

Kokanee will be enumerated using a hydroacoustic survey to develop a lake-wide abundance for the species (Tier-2 level monitoring). Kokanees are particularly amenable to acoustic surveys owing to their limnetic distribution during much of the year. We will first characterize the diel distribution pattern of pelagic targets by surveying selected transects during daylight, dusk, and night periods using split-beam hydroacoustics and determine optimal survey timing and design, based on diel distribution pattern. We will identify the species and size distribution of pelagic targets with dusk-night gill net sampling. This netting will also help resolve the size distribution of targets. We will conduct two replicated full lake surveys to estimate the abundance of pelagic targets with error bounds. Size distribution and abundance of adult kokanee will also be determined using spawner surveys that will be conducted during three time periods bracketing the historic, peak spawner period. Spawner abundance will be estimated using an area-under-the-curve or similar technique. Spawner carcasses will be collected for size measurements and scales and otoliths will be removed for age determination.

Bull trout will be enumerated using incidental catches in gill nets and a mark recapture method. When bull trout are captured in nets they will be PIT tagged, sampled for stomach contents using gastric lavage, recovered, and released.

Task 1b:  Monitor production of planktivorous forage utilized by fish populations in Wallowa Lake.


Lake-wide zooplankton production will be estimated using abundance of each species, number of eggs, and egg development rates (King 1988).  From May to November, biweekly zooplankton tows (n = 3, 64 (m mesh) will be taken at three sites.  Temperature will be measured at one meter intervals from surface to ten meters, or until bottom of the thermocline (>1º C change in 1 m vertical distance) is reached, then 2 meter intervals until 20 meters depth, followed by 5 meter intervals to 40 meters depth.  This profile will allow detection of the epilimnion, metalimnion and hypolimnion.  During summer thermal stratification, zooplankton tows will be taken from 40m to the thermocline, and from the thermocline to lake surface, referred to as the epilimnion.  When the water column is not thermally stratified, tows will be taken from 40m to the surface.  Samples will be preserved in formalin and crustaceans identified to species.  Copepod nauplii and copepodites, as well as loose eggs, will be identified to species based on relative abundance of adults. Zooplankton production will be calculated for the hypolimnion and epilimnion and total zooplankton production will be calculated as the sum of production in the hypolimnion and epilimnion. Zooplankton production methodology of Paloheimo (1974) as detailed in Borgmann et al. (1984) will be used.


To estimate areal biomass production rates for each crustacean zooplankton species, the total number of animals recruited during a time interval is multiplied by the mean dry biomass for individuals of each species during the same period.  The mean dry biomass of individuals will be estimated by measuring 20 individuals per sample and converting to dry biomass using length to dry biomass relationships from the literature (Chess and Stanford 1998, McCauley, 1984).  Total energetic production (Tier-2 level monitoring) will be determined by the product of biomass production and the joules per unit biomass for the period in question.  The joules per unit biomass will be estimated for each species using published values (Chess and Stanford 1999, Cummins and Wuycheck 1971).

Mysis relicta will be sampled with vertical tows (n = 4) per site, monthly from May to November, using a 1m diameter, 400 µm mesh, Puget Sound net.  The vertical tows will be from lake bottom to surface during night, within 3 days before or after a new moon.  Samples will be preserved in 75% ETOH.  From each replicate, 50 individuals will be measured from the tip of the rostrum to the fork of the telson, to the nearest 0.1 mm using a dissecting microscope.  Eggs from all gravid females will be counted and egg/embryo stage will be determined (Berrill 1969).  Length frequency distributions of M. relicta will be constructed for each month and site.  Mean dry biomass for gender and life cycle stage will be estimated using a length to dry mass relationship (Chess and Stanford, 1998).  The joules per unit dry biomass will be estimated for gender and life stage using values from Chess and Stanford (1999).  Growth rate (mg/day) will be estimated by comparing successive peaks in length frequency histograms and by using a length to dry mass relationship (Chess and Stanford 1998).  Mortality rate will be estimated by comparing successive mean monthly abundances from each site.

Task 1c:  Monitor physical habitat conditions important to fisheries of Wallowa Lake.

During the same periods as forage production monitoring, we will also conduct Tier-1 monitoring of temperature, dissolved oxygen, chlorophyll, specific conductivity, nitrate-nitrogen, ammonium-nitrogen, organic reactive phosphorus, and pH. Measurements will be taken as a depth profile at one station. Parameters will be measured using a multi-parameter instrument and probe. Measurements will be at one-meter intervals from surface to ten meters, or until bottom of the thermocline (>1º C change in 1 m vertical distance), then two-meter intervals until 20 meters depth, followed by five-meter intervals to within five meters of the bottom.

Task 1d:  Conduct creel survey to estimate exploitation of fish populations by recreational fishery.

We will conduct creel surveys using a stratified cluster sampling approach to quantify angler effort and harvest.   May – June, the primary season for kokanee angling, will be a separate seasonal strata.  Within seasons, sampling will be stratified by weekdays and weekends with holidays treated as weekend days.  Sampling days will be selected at random from the days available within each stratum for approximate sampling rates of 40% for weekends and holidays and 30% for weekdays.  During each sampling day, counts of boats and anglers will be made every two hours and these data will be used to estimate total angler effort.   Anglers will be interviewed during the time interval between counts to collect data for estimating catch rate, harvest and size composition of catch by species. We will compare creel survey results with historic data, contained in ODFW files, to assess trends in the kokanee fishery.  Creel surveys were conducted most years from 1965 through 1999.  Trends in catch rate and size of kokanee harvested may be used as indicators of kokanee abundance (see Figures 1 and 2).

Objective 2.  Evaluate the potential predatory impact of lake trout and competitive impact of M. relicta on kokanee and bull trout and develop a program to control lake trout if the impact is significant.

Task 2a:  Model predatory and competitive impacts imposed on native fishes by introduced species.

Information on lake trout, kokanee, and M. relicta diet, growth, and thermal history will be incorporated into bioenergetics models to measure the impacts of introduced species. Consumption outputs from the model will be compared to production estimates for the kokanee and zooplankton populations to determine predatory impacts from lake trout and competitive impacts from M. relicta.

g. Facilities and equipment
Staff to support and supervise this project will be housed in the ODFW Northeast Regions Research and Monitoring Program offices in La Grande and Enterprise and in the ODFW district office in Enterprise.
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