Project ID: 28023

Evaluate and Control Brook Trout Populations – Addressing Competition and Hybridization Threats in the Clearwater River Drainage, Idaho.

CONCERN 1 – “However, the applicant should carry out the objectives 2, 3, and 4 (analyzing the extent of the problem) first, i.e., in the first year or several years, and only then decide whether to undertake the presently stated objective 1 (the proposed remedy) in a future year.” 

Changes made in the order and content of the objectives;

Objective 1 (Previously Objective 2):
Document the distribution and abundance of bull trout and brook trout in in upper and lower Selway River watersheds and subwatersheds (5th and 6th Field Hydrologic Unit Codes, HUCS) with headwater lake populations of brook trout.

Task 1.1: 
Document the extent of downstream invasion of brook trout from headwater lakes and determine if reproducing brook trout populations occur downstream of source lakes.

Task 1.2:
Document overlap in spawning habitat utilization by migratory adult bull trout and rearing habitat of juvenile or resident bull trout with resident brook trout in headwater tributaries.


The distribution and abundance of bull and brook trout will be documented throughout each subwatershed and/or watershed with headwater lake populations of brook trout.  For bull trout, subwatersheds may best approximate the distributions of potentially discrete groups or local populations, providing a better summary unit than stream reaches (Rieman et al. 1997).  


A stratified random sampling protocol will be used to effectively document the salmonid species composition of stream reaches starting at the downstream end of the subwatershed/watershed and moving upstream until the headwater lakes are reached.  Two randomly selected 100 m transects will be sampled for each 1.0 km of stream.  This modified survey technique will have a high probability for detecting juvenile and resident adult bull trout (desired sampling power of at least 95%), and effectively capture habitat variation within streams of fourth order or less (Peterson et al. 2001, Watson et al. 1997).  When encountering transects that indicate overlap of bull and brook trout distributions five randomly selected 100 m transects will be sampled for each 1 km to document core areas of interaction between these two species.  This is important for delineation of downstream invasion boundaries as bull trout usually occupy sites where brook trout are absent (Goetz 1997a, Watson and Hillman 1997). 


To document fish communities for each stream reach we will utilize snorkeling and electrofishing methodologies.  We will utilize snorkel survey techniques described by Thurow (1994) to determine fish species, size class, and relative abundance.  A subsample (20%) of the 100 m transects will be sampled for both day and night snorkeling to document differences in detectability and abundance, especially for low densities of bull trout (Bonneau 1994, Goetz 1997b.).   Electrofishing will be utilized for comparison with snorkeling estimates and when physical capture of fish is desired, i.e. genetic samples or tagging individuals.  Three-pass electrofishing surveys will be conducted using a battery-operated, Smith-Root backpacker electrofisher.  These techniques should effectively determine the occurrence, abundance, and distribution of all salmonid species, and identify fish barriers, the extent of downstream brook trout invasion, and core areas of overlap with native species.


Physical habitat measurements will be collected in every 100 m transect and will follow a modified version of methodology developed by Platts et al. (1983) and Hawkins et al. (1993).   This methodology classifies reaches into habitat units (turbulent fast water, scour pool, damned pool) and categorize habitat units by length, wetted width, substrate percentage, maximum depth, tail crest depth (pools), percent surface fines, percent woody debris, percent undercut bank, and percent canopy cover.  This hierarchical classification will be used to identify reaches of distinctive form, function, and ecological potential (Watson et al. 1997) and help identify habitat associations with the occurrence of both bull and brook trout.  

Objective 2 (Previously Objective 3): 
Document hybridization of bull trout populations with brook trout.

Task 2.1:
Non-lethal collection of bull trout and hybrid trout tissue for analysis microsatellite (nDNA) markers and mitochondrial DNA (mDNA) to examine population genetic structure for each watershed and document if introgressive hybridization is occurring.


To detect hybridization, we will incorporate a combined analysis of mDNA, and nDNA to examine the pattern and direction of hybridization between native bull trout and introduced brook trout, and provide evidence of introgressive hybridization (Kanda 1998).  We will follow methodologies used by Kanda (1998). The samples will also be used to assess genetic divergence between bull trout populations in the Selway subbasin, and throughout the Clearwater River drainage (i.e. Lochsa, North and South Fork Clearwater Rivers.)

In watersheds with bull trout and brook trout we will collect individual fish from both species within the100 m transects by electrofishing, angling, and netting during night snorkeling.  Captured fish will be anesthesized with an MS-222 (tricaine methalsulfanate) solution of 60-80 mg/l, weighed, measured, PIT-tagged, and samples will be taken.  A non-lethal tissue sample from the adipose fin and caudal fin will be collected and preserved in a 95% ethanol solution (Spruell et al. 1999).  A minimum of 30 samples per watershed will be obtained to determine if introgressive hybridization is prevalent (Spruell pers. comm).

Objective 3 (New addition):
Analyze the extent of brook trout invasion and hybridization.

Task 3.1:
Identify tributaries by watersheds and subwatersheds with sympatric populations and/or documented hybridization of bull and brook trout.

Task 3.2:
Prioritize headwater lakes and tributaries for suppression of brook trout.

 The suppression of headwater lake and tributary populations of brook trout will be prioritized depending upon occurrence and abundance of bull trout within the watershed.  An initial estimate of potential effectiveness of suppression efforts will be prioritized by lake size, number and size of inlets and outlets, distance downstream invaded by brook trout, and numbers of lakes within a watershed with brook trout populations.

Objective 4 (Previously Objective 1):
Implement suppression efforts of brook trout populations in mountain lakes and headwater tributaries of Clearwater River Basin watersheds based on priority list from Task 3.2.

Task 4.1:
Stock sterile tiger muskellunge Esox masquinongy x lucius to suppress mountain lake populations of brook trout.

Task 4.2:
Suppress brook trout using backpack electrofishing techniques, in the inlets, outlets, and tributaries downstream of mountain lakes.

 
Tiger muskellunge will be stocked in high densities of 50 fish/ha, and the stockable size will be approximately 250-300 mm.  We will stock 5 lakes in the Selway-Bitterroot Wilderness to assess the utilization of tiger muskellunge as a suppression technique.  Prior to stocking, a mark-recapture population estimate (modified Lincoln-Peterson) on brook trout will be conducted in each lake (Everhart and Youngs 1981).  

Other suppression techniques may be utilized, including combinations of methodologies of gillnetting (Knapp and Matthews 1998), and multiple-pass electrofishing removals in the inlets, outlets, and tributaries (Thompson and Rahel 1996, Buktenica 1997, Kulp and Moore 2000).  These techniques will be used in conjunction with using tiger muskellunges, to effectively suppress or preferably eradicate isolated brook trout populations.

Objective 5 (Previously Objective 4):
Coordination of existing information.

Task 5.1:
Contact federal and tribal research agencies to find pre-existing bull trout data in the Clearwater River drainage.

Task 5.2:
Compile all sources to obtain a comprehensive database.

Task 5.3
Completion of annual report and operating recommendations to benefit bull trout within the drainage.

CONCERN 2 – “Not stated in the proposal is how long the tiger muskellunge populations are anticipated to remain in the lakes.”


We would anticipate that introduced tiger muskellunge would not survive in the lakes for more than 10 years.  Although some esocids, including tiger muskellunge, can certainly live much longer than this, up to 18 years for tiger muskellunge (Casselman and Crossman 1986), it is unlikely in this situation because of a few important factors.  First, the tiger muskellunge population will not be able to persist and perpetuate themselves in the lakes due to their sterility. Secondly, the idea is to stock the tiger muskellunge at a relatively high density (50 fish/ ha), and at a larger size (250-300 mm) to have an immediate and drastic impact on their primary prey base, resident brook trout.  Because brook trout are usually abundant, the stocked tiger muskellunge should experience a rapid growth rate in the first year in the lake.  This growth rate should slow down after the first year due to the decrease in forage.  After the first few years, survival of the tiger muskellunge is not expected to be high because of competition for the decreasing forage. These fish will probably not be able to sustain body mass and survive on a diet that will change from a primarily piscivorous diet to one that almost exclusively, utilizes aquatic macroinvertebrates.


In Ice Lake, a small, mountain lake (0.54 ha) in the North Fork Clearwater River Subbasin, the Idaho Department of Fish and Game stocked tiger muskellunge as a pilot study to document the response and suppression abilities on the resident, introduced brook trout population. Tiger muskellunge were stocked in the summer of 1998, at a density of 40.7 fish/ha (22 tiger muskellunge), and at a mean size of 325 mm total length.  Currently, tiger muskellunge are still present after three years of being stocked. We sampled the lake each year with an annual 12 hour gillnet set to assess relative abundance of both brook trout and tiger muskellunge (Figure 1). In the first year after being stocked, 1999, the gill net caught four tiger muskellunge with a mean total length of 473 mm (range 445-508) (Figure 2).  In 2000, we caught two tiger muskellunge with a mean total length of 451 mm, and in 2001, we captured one individual fish that was a total length of 610 mm.  These results document that tiger muskellunge will survive multiple years in this environment, and this is encouraging for continuation of suppression of brook trout over multiple years.

Casselman, J. M., and E. J. Crossman. 1986.  Size, age, and growth of trophy muskellunge and muskellunge – northern pike hybrids - - The Cleithrum Project, 1979-1983.  American Fisheries Society Special Publication 15: 93-110.

CONCERN 3 – “Discuss the potential problem of accidental establishment of permanent muskellunge populations in the lakes in the event that not all tiger muskellunge stocked are truly sterile (reference and discuss literature on amount of non-sterility)”.


The accidental establishment of a permanent tiger muskellunge population is not a concern because of the primarily sterile nature of this particular hybrid. Tiger muskellunge are naturally occurring hybrids that are not truly sterile, however, their situation is unusual.  All male tiger muskellunge are functionally sterile, while females have very reduced reproductive capabilities but are not always sterile. In this scenario, the female tiger muskellunge would need males from one of the two parental types present to even attempt reproduction (Crossman and Buss 1965).  It is accepted by  fisheries biologists that tiger muskellunge are effectively sterile (Eddy 1944, Stein et al. 1981, Brege 1986, Hesser 1978, Inskip 1986, Wingate 1986), with no documented cases of populations reproducing after stocking in lakes where the only esocid present are tiger muskellunge.  Tiger muskellunge can be result naturally in lakes with both muskellunge and northern pike but this rarely happens because of different spawning times for these species.  These hybrids are naturally sterile, they are not induced into sterility by hatchery manipulations such as heat shocking or pressure used in salmonid culture.


Tiger muskellunge are hatchery-spawned, reared, and stocked by a multitude of state fish and game agencies, including Washington, Wisconsin, Minnesota, Michigan, Illinois, and Iowa.  These agencies recognize the sterility of these fish and have used them for decades for controlling undesirable species or as a trophy species in fisheries where uncontrolled reproduction of other non-sterile game species may be detrimental in the long-term.  The longevity of tiger muskellunge in mountain lakes will be limited to their individual survival, and if warranted, techniques such as gill-netting or electrofishing could be employed to reduce the numbers.  However, we believe that the major limiting factor to survival will be the availability of prey after subsequent years of suppression.   

Crossman, E. J., and K. Buss.  1965.  Hybridization in the family Esocidae.  Journal of the Fisheries Research Board of Canada 22;1261-1292

Eddy, S.  1944.  Hybridization between northern pike (Esox lucius) and muskellunge (Esox masquinongy).  Proceedings of the Minnesota Academy of Science 12:38-43.

Hesser, R. B.  1978.  Management implications of hybrid esocids in Pennsylvania. American Fisheries Society Special Publication 11:302-307. 

Inskip, P. D. 1986.  Negative associations between abundances of muskellunge and northern pike: Evidence and possible explanations. American Fisheries Society Special Publication 15:135-150. 

Wingate, P. J.  1986.  Philosophy of muskellunge management. American Fisheries Society Special Publication 15:199-202. 

CONCERN 4 – “The effects of tiger muskellunge on bull trout in the lakes and their outlets.”


Tiger muskellunge will not be stocked in any lakes that contain bull trout.  In northcentral Idaho (Clearwater Region – IDFG), there are only two mountain lakes that have native bull trout populations, and these lakes are not stocked at all.  Tiger muskellunge would potentially be stocked only in lakes that contain brook trout.


In the event that stocked tiger muskellunge leave the lakes and descend the outlets, with potential to encounter bull trout in the headwater tributaries, it is assumed that they will not survive.  The outlets are generally small, high-gradient step-pool and cascade reaches that tiger muskellunge are not adapted to or have the swimming abilities to survive in.  Like most large esocids, the tiger muskellunge is an ambush predator that primarily is adapted to lakes, or other slow-moving water bodies.  From a risk analysis standpoint, sterile tiger muskellunge will not be able to persist or have any long-term detrimental effect on native fish in these low conductivity, nutrient- poor headwater streams.  Tiger muskellunge may be reluctant to leave the lake because of the swift, and shallow nature of the outlets.


Generally, in the high-elevation lakes of northcentral Idaho batholith mountains, the first 1 –3 km of the outlet or headwater stream is fishless, due to high gradient and natural fish barriers.  In Lower Rainbow Lake, a larger, mountain lake in the South Fork Clearwater River drainage, the IDFG has stocked approximately 180 tiger muskellunge for brook trout suppression starting in 1999.  Every summer from 1999-2001, multiple-pass electrofishing has been conducted for brook trout suppression for the entire length of Rainbow Creek (the lake outlet), which is approximately the first 3.2 km downstream from the lake. No tiger muskellunge have been found in the outlet system, or the inlet (~ 400 m) of Lower Rainbow Lake.

CONCERN 5 – “The revised proposal should incorporate summer 2001 results from the larger lake mentioned in oral presentation.”

Methods

Prior to stocking tiger muskellunge in either of the study lakes, a population estimate or a Catch Per Unit Effort (CPUE) index of relative abundance on brook trout was conducted.  In Ice Lake, a mark-recapture population survey was conducted.  Brook trout were captured using hook-and-line angling, measured for total length (mm), weight (g), marked by a caudal fin clip, and released.  An experimental gillnet (7-panel mesh sizes 10mm-38mm, 40 m long, Research Nets, Seattle, Wa) was set overnight in the lake.  The net was pulled the next morning after 12 hours, all fish collected and measured for length and weight and all marked fish documented. A modified Peterson mark-recapture population estimate, standard error, and 95% confidence interval were generated (Everhart and Youngs 1981).  In Lower Rainbow Lake we used a gill net set to determine relative abundance of brook trout, no mark-recapture methodologies were used to determine a population estimate.  An annual gill net survey will be conducted every year in both lakes to determine and document relative abundance of brook trout and tiger muskellunge for analysis of suppression efforts.

Tiger muskellunge for this project were obtained from Columbia Basin Hatchery, Moses Lake, WA.  The tiger muskellunge are initially raised on an artificial pellet diet and were switched to a fish protein diet of live salmonids, either rainbow or brook trout fry.  The initial stocking densities of tiger muskellunge were determined by availability at the hatchery and successful survival during transportation and holding. 

Depending upon initial results within the lake, the inlet and outlet would be surveyed after the first year of introductions, to determine if multi-pass electrofishing removals will be used in the suppression effort.  Both battery and generator operated backpack electrofishing units will be used to suppress brook trout in the inlets and outlets in conjunction with introducing the tiger muskellunge (Moore et al. 1983, Thompson and Rahel 1996). 

Results

Ice Lake

IDFG stocked 22 tiger muskellunge for brook trout suppression in Ice Lake located on the Clearwater National Forest and drains into the North Fork Clearwater River.  Ice Lake is a small, mountain lake (0.54 ha) located at an elevation of 1783 m.  The lake has a naturally reproducing population of introduced brook trout.  The tiger muskellunge were stocked in the summer of 1998 at a high density of 40.7 fish/ha.  Prior to the introduction of tiger muskellunge, brook trout were abundant, easily captured by both gillnetting (standard 12-hour overnight set) and angling.  However, after tiger muskellunge introduction they were almost undetectable in gillnetting, angling, and visual surveys (based upon single annual surveys) (Figure 3).  Although severely reduced within the lake, brook trout were visually present in the small inlet and outlet, protected from tiger muskellunge predation.  One-pass electrofishing removals were conducted in 2000, and 2001 in the inlets and outlets, removing 58 brook trout in September 2000, 24 brook trout in July 2001, and 9 brook trout in September 2001.  Some of the tiger muskellunge have survived for three years, and continue to suppress the brook trout population.  The high density of stocked tiger muskellunge are effectively suppressing this population, and continued monitoring and application of other suppression methodologies will be utilized in the suppression effort. We will continue documenting the response of the brook trout population through the longevity of the tiger muskellunge population.

Lower Rainbow Lake

 IDFG has stocked 180 tiger muskellunge for brook trout suppression in Lower Rainbow Lake located on the Nez Perce National Forest and drains into the South Fork Clearwater River.  Lower Rainbow Lake is moderate-sized mountain lake (4.46 ha) and is located at an elevation of 2132 m.  The lake has a naturally reproducing population of introduced brook trout.  Tiger muskellunge were stocked in the summer of 1999, 27 tiger muskellunge were stocked at a density of 6.1 fish/ha.  The lake was stocked again in the summer of 2000 with 150 tiger muskellunge at a density of 33.6 fish/ha.  The tiger muskellunge stocked ranged in size from 300 – 350 mm, with a few larger individuals present.  Prior to the introduction of tiger muskellunge, brook trout were abundant, easily captured by both gillnetting (standard 12-hour overnight set) and angling.  However, after increasing tiger muskellunge densities, the CPUE of brook trout decreased in the gillnetting surveys (Figure 4) (based upon single annual surveys).  Although abundnace was reduced within the lake, the length-frequencies of the brook trout population changed with larger and smaller individuals becoming more prevalent in the gillnet samples (Figure 5). The tiger muskellunge have reduced overall brook trout numbers significantly and are apparently selective for mid-sized brook trout, and perhaps aren’t successful, or are not at the size to prey upon the largest brook trout.  Multiple-pass electrofishing removals were conducted in 1999, 2000, and 2001 in the inlets and outlets, removing more than 4,750 brook trout in approximately 3.7 km of stream.  Some of the tiger muskellunge have survived for two years, and continue to suppress the brook trout population.  The high density of stocked tiger muskellunge are effective in suppressing this population (Figure 6), and continued monitoring and application of other suppression methodologies will be utilized to document the response of the brook trout population through the longevity of the tiger muskellunge population.

Figure 1.  Histogram of the relative abundance (CPUE) of tiger muskellunge sampled from Ice Lake.  Abundance estimates generated as number of fish captured per gillnet hour – 12 hour overnight gillnet sets (1999 was the first year after introduction in 1998).
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Figure 2.  Histogram of mean length (mm) of tiger muskellunge sampled in Ice Lake from 1998-2001. (1998 was the mean length at initial stocking).
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Figure 3.  Histogram of the number of brook trout sampled in Ice Lake by gill net (number per gill net hour), and angling (number per angler hour) in years prior to tiger muskellunge introduction (1994, 1998), and after introduction (1999, 2000, 2001).

Figure 4. Histogram of the number of brook trout sampled in Lower Rainbow Lake by gill net (number per gill net hour) in years prior to tiger muskellunge introduction (1989, 1998), and after introduction (1999, 2000).

[image: image4.wmf]y = -0.0961x + 4.0135

R

2

 = 0.8138

0

1

2

3

4

5

6

0

5

10

15

20

25

30

35

40

Number of Tiger Muskellunge Stocked per Hectare

Number of Brook Trout per Gill Net Hour

1998

1989

2000

2001


[image: image5.wmf]0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

1999

2000

2001

Survey Year

Number of Fish per Hour

CPUE - Tiger Muskellunge

(n = 4)

(

n = 2)

(n = 1)

Figure 5.  Length-frequency histogram of brook trout (total length intervals) sampled by gill net in Lower Rainbow Lake, prior to tiger muskellunge introduction (1998), and after introduction (2001).
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Figure 6. Relationship between the density of tiger muskellunge stocked (# per Ha) and the relative abundance of brook trout sampled in gill net surveys (# per gill net hour) in Lower Rainbow Lake.  Tiger Muskellunge were stocked in 1999 (27 fish) and 2000 (150 fish) (1989 and 1998 are prior to introduction of tiger muskellunge).







