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Abstract

The conversion of trout stocking to self-sustaining wild trout populations has been a cornerstone of  fisheries management in Montana rivers for the past 30 years.  However, trout fisheries in Montana reservoirs are almost entirely maintained by stocking hatchery fish.  Due to the presence of apparently high quality spawning tributaries, in 1979 Montana Fish, Wildlife and Parks initiated a wild trout management program for Hebgen Reservoir with the purpose of establishing a wild self-sustaining trout fishery.  Since 1979,  stocks of DeSmet and Eagle Lake strains of rainbow trout have established wild spawning runs in several Hebgen Reservoir tributaries.  Montana Fish, Wildlife and Parks continues to stock 100,000 fingerling Eagle Lake rainbow trout annually to maintain the Hebgen Reservoir fishery.  However, spring gill net catch rates of rainbow trout have declined from 1995 to 2001.  A lack in natural recruitment may be reflected in these catch rates.  Dissatisfaction in the recreational fishery of Hebgen Reservoir has been expressed by anglers and local businesses in the past and is a genuine concern for area fisheries managers.  The objective of this study is to assess reservoir potential for wild trout recruitment among tributaries and to identify potential limiting factors.  Redd abundance will be used to assess current levels of spawning use in as many tributaries as possible.  Potential factors limiting fry recruitment that will be measured include temperature,  availability and quality of spawning and rearing habitat, and the presence of barriers.  Duck Creek, a tributary known to recruit high numbers of fry to Hebgen Reservoir, will be used to determine relationships between the number of redds, egg deposition per-female, and the total estimate of tributary fry outmigration.  Reach length, water temperature, number of upstream migrating adults, and spawning and rearing habitat availability and quality in Duck Creek will be used to compare tributary potential and limiting factors.  This study will provide management agencies with an assessment of local habitat conditions, habitat limitations and enhancement suggestions, as well as an evaluation of recruitment and potential for recruitment in Hebgen Reservoir.  This study will also provide the framework for assessing potential for wild trout recruitment in other reservoir systems.   (Key words: Hebgen, recruitment, fry trapping, spawning habitat, Duck Creek) 

Introduction

Trout management in Montana has changed drastically since the mass introductions of nonnative salmonids in the early 1900’s.  Montana streams were intensively stocked with subcatchable sized trout in the 1930’s through 1954, followed by the predominance of catchable sized trout stocking from 1955 through 1972 (Vincent 1987, 2002).  However, the greatest transition took place in 1973 when the state of Montana decided to cease stocking in nearly all streams and rivers.  At this time the Montana Fish and Game Commission enacted a policy to prohibit the stocking of any streams or rivers capable of providing self-sustaining wild trout populations (Vincent 1987, 2002).  Since this policy was enacted trout have been planted only in Montana streams that have little or no chance of being a self-sustaining wild trout fisheries (Vincent 1991, 2002).

This conversion of trout stocking to self-sustaining wild trout fisheries has been a cornerstone of trout management in Montana rivers for the past 30 years.  The transition to wild trout management occurred largely as a result of  studies conducted on the Madison River and O’Dell Creek from 1967 through 1972 (Vincent 1987).  These studies revealed that stocking of catchable trout had negative effects on wild brown trout and wild rainbow trout populations.  Trout numbers dropped by one-half in a section of O’Dell Creek that was stocked with catchable trout and a section of the Madison River with no fish stocking showed the greatest trout population growth.  The overall trout population and the number of large fish decreased under catchable planting, with wild brown trout numbers decreasing by 50% and wild rainbow trout numbers decreasing by 80% (Vincent 1987, 2002).  

Some of the reasons for these negative impacts on wild trout populations were summarized in recent literature reviews of the effects of fish stocking on wild fish (White 1992, 1994; White et al. 1995).  Presence of exotic stocked species can lead to hybridization and genetic contamination of  wild trout populations,  predation, and competition for food and space.  Stocking of hatchery trout can cause predator attraction,  can lead to disease transmission, and can  displace wild trout (White 1992; White et al. 1995).  Hatchery fish are often found to be more aggressive than their wild conspecifics, which leads to an excessive expenditure of energy by hatchery fish in the wild, resulting in displacement of wild fish and poor survival of hatchery fish in streams (Mesa 1991).  Vincent (1972, 1987, 2002) reported that in many cases mortality of stocked catchable trout was at 70% within four weeks and in three months 95% of the entire stocked population was gone.  Poor survival of hatchery trout in the wild can be linked to the differences in stream and hatchery environments. The physical, chemical and biological environment in hatcheries differs markedly from the environments of wild fish resulting in hatchery fish having physiological disadvantages in stamina, temperature intolerance and low stress resistance (White et al. 1994).  

Wiley et al. (1993) concluded that trout stocking was an effective fisheries management tool in Wyoming Lakes because trout do not reproduce in many of their lakes and reservoirs, but he cautioned that stocking programs can generate further pernicious demand, resulting in increased and unnecessary public dependence on hatchery trout.  Most Montana reservoirs have very little wild trout recruitment and continue to be stocked because of limited  spawning habitat.  For example, one of the most valuable and popular fishing areas in the state of Montana (McMahon 1992), Canyon Ferry Reservoir of the Missouri River system, relies on the yearly stocking of rainbow trout to maintain a quality recreational fishery.  Fisheries management objectives for Canyon Ferry include increasing the number of wild rainbow trout through tributary enhancement projects, but obtaining a totally self-sustaining population is limited by several factors (MTFWP 1992, 2000).  The Canyon Ferry rainbow trout fishery requires annually stocking primarily due to a lack in the quantity and quality of available spawning habitat, low water storage levels during years of drought conditions (Jones 2002 pers. comm.), and tributaries appear to be limited in fry rearing habitat due to seasonal dewatering (McMahon 1992).  

A recreational fishery for rainbow trout was established in the mid 1950’s in Hebgen Reservoir, Montana.  Since the establishment of the fishery several strains of rainbow and cutthroat trout have been stocked (Figure 1).  
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Figure 1. History of Hebgen Reservoir trout stocking program from 1954-2001 (Hetrick 1994; Byorth 2002 pers. comm.; ERI and NWPS 2002).

During the years from 1954-1979, Montana Fish, Wildlife and Parks stocked catchable and subcatchable hatchery rainbow trout (Arlee and Shasta strains) in Hebgen Reservoir (Hetrick 1993).  However, in most years stocked fish experience poor survival, slow growth rates, and poor catch rates.   

As a result,  Montana Fish Wildlife and Parks began to manage Hebgen Reservoir as a mixed hatchery and wild self-sustaining fishery.  In 1979, an effort was made to enhance the fishery and  establish a more wild-based trout population.  Wild-strain  McBride cutthroat trout (O. clarki) were stocked from 1979 through 1986.  The McBride cutthroat trout had high survival rates but did not establish significant spawning runs in Hebgen Reservoir tributaries (Hetrick 1993).  In 1980, two wild-strains of rainbow trout were also stocked, the Eagle Lake and DeSmet rainbow trout (Hetrick 1993).  The Eagle Lake rainbow is a piscivore obtained from Eagle Lake, California, and the DeSmet rainbow is primarily a planktivore obtained from Lake DeSmet, Wyoming (Hetrick 1994).  Since these initial plants, both strains have been planted in the spring as young-of-the-year or as sub-catchable, age 1 trout.  Gill net data suggest that Eagle Lake Rainbow trout have contributed more to the Hebgen Reservoir fishery than other rainbow stocks (Hetrick 1994).  As a result of these findings,  the system has been stocked annually with 100,000 fingerling Eagle Lake rainbow trout since 1995 (Byorth 2002  pers. comm.).  The state  cost of stocking Hebgen Reservoir, including indirect costs,  is approximately $13,000.00 a year (Wiley et al. 1993).  

Although the stocking of wild trout strains have resulted in the successful establishment of wild trout populations in other areas, several data suggest that Hebgen Reservoir has failed to establish a large self-sustaining fishery.   Hetrick (1994) considered the status of the wild and hatchery rainbow trout population in Hebgen Reservoir to be declining.  Despite annual stocking efforts,  gill net data shows the rainbow trout population to be declining today as well (Figure 2). In contrast,  brown trout (Salmo trutta) have established a strong, self-sustaining population in Hebgen Reservoir (Figure 3).  Densities of Utah Chub and brown trout appear to exceed rainbow trout densities in gill net catch rates (Figure 4).  The success of rainbow trout stocking peaked in 1989 with gill net catch rates reaching over 8 fish/net (Figure 2).  Catch rates of rainbow trout appear to have declined since the 1989 peak to a catch rate in the spring of 2001 of approximately 2.5 fish/net (Byorth 2002 pers. comm.).  Gill net catch rates for rainbow trout in Canyon Ferry Reservoir, which has virtually no high quality spawning tributaries and is also stocked annually with Eagle Lake and DeSmet strains of rainbow trout, have remained fairly stable at 10 to 12  fish/net (Jones 2002 pers. comm.; MTFWP 2000).  A perplexing question is why natural reproduction appears to be limited in  Hebgen Reservoir. A lack of natural reproduction may be reflected in the low catch rates despite the presence of apparently high quality spawning tributaries.    
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Figure 2. Surface gill net catch rates in Hebgen reservoir for rainbow trout from 1971-2001 

(Hetrick 1994; Byorth 2002 pers. comm.; ERI and NWPS 2002)  
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Figure 3. Surface and bottom gill net catch rates in Hebgen Reservoir for brown trout from 1971-2001 (Hetrick 1994; Byorth 2002 pers. comm.; ERI and NWPS 2002).
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Figure 4. Hebgen Reservoir fish densities from gill net catch rates from 1994-2001 (Hetrick 1994; Byorth 2002 pers. comm.; ERI and NWPS 2002).

The low rainbow trout gill net catch rates have also been reflected in low angler catch rates.  Dissatisfaction in the recreational fishery of Hebgen Reservoir has been expressed by anglers and local businesses at public meetings and through letters to area fisheries managers (Heterick 1994; Pat Byorth 2002  pers. comm.).  

Previous studies conducted on Hebgen Reservoir tributaries suggest that spawning activity and fry recruitment have been substantial in certain areas but are much lower than anticipated in others.  In 1989, efforts were made to document the timing, intensity and duration of rainbow trout runs and fry recruitment from many tributaries (Oswald et al. 1990).  Adult spawning rainbow trout and redds were observed in Trapper Creek, Watkins Creek, Duck Creek, Cougar Creek, Grayling Creek, Rumbaugh Creek, Black Sand Springs Creek, and the South Fork of the Madison River (Figure 5). 
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Figure 5. Watershed map of the Hebgen Reservoir Basin.

In addition, backpack electrofishing surveys were conducted in October of 1989 and rainbow trout fry (from 3.6 to 6.6mm) were found in all of these tributaries as well.  Fry outmigration was observed or fry were trapped in Trapper Creek, Watkins Creek, Duck Creek, Cougar Creek, Grayling Creek,  Black Sand Spring , and the South Fork of the Madison River during July and August of 1989.  Recommendations were then made to conducting thorough investigations of temperature regimes, adult spawning runs and fry outmigration intensities in major tributaries to Hebgen Reservoir (Oswald et al. 1990).

The most substantial survey of fry recruitment was completed by Fredenberg (1991).  The study was conducted to evaluate rainbow trout spawning and fry recruitment in the tributaries of Hebgen Reservoir.  It was suggested in prior investigations that water temperatures may play a key role in determining which tributaries support spawning runs and the timing of such runs (Oswald et al. 1990).  The results of this investigation indicated that a wide variation of thermal regimes existed in ten principle Hebgen Reservoir tributaries (Fredenberg 1991).  For instance, the coldest tributary, Trapper creek, had an average daily temperature (6.8o C) that was 9o C colder then the average for the Madison River (15.8o C).  Average daily temperatures from April through October 1990 for the remaining six tributaries in the study were Watkins Creek 7.4o C, Grayling Creek 8.2o C, Black Sand Spring 9.5o C, South Fork of Madison River 9.7o C, Cougar Creek 10.4o C, and Duck Creek 11.6o C.  The thermal inflows from tributaries in Yellowstone Park seem to influence the Madison River and result in warmer temperatures (Fredenberg 1991).

Temperature differences resulted in rainbow trout fry emerging from the gravels of  Trapper Creek in August, approximately 7 weeks after the peak outmigration of fry from Duck Creek, yet the timing of the spawning runs in the two streams overlap (Fredenbrg 1991; Hetrick 1993).   Fredenberg (1991) concluded that Trapper Creek possessed great potential, in the lower 0.80 km of the stream to the mouth, for reproduction.  
In the 1991 study,  Duck Creek was classified as the largest producer of emigrating rainbow trout fry (Fredenberg 1991).  Fredenberg trapped 1,277 migrating adult rainbow trout  (970 females and 307 males) on the Duck Creek drainage during May of 1990.  He used the fish ladder at the Koelzer pond as an effective means to trap upstream migrating adults.  Only 804 fry were estimated to migrate downstream from the pond that summer.  But, during the same period up to 30,000 fry were estimated to migrate down to the reservoir, in a single night, from lower Duck Creek, below the Koelzer pond.  This may indicate that these fry originated from redds constructed in the lower section of Duck Creek.  Fredenberg suggested that rainbow trout fry emerging from Duck Creek may be either overwintering in upper Duck Creek or staying in the Koelzer pond (Fredenberg 2002 pers. comm.).  The total estimate of outmigrating fry was about 590,000 and 78% of this total was contributed from two tributaries.  Duck Creek produced 50% of the total basin wide fry estimate and the South Fork of the Madison River produced  28% (Fredenberg 1991).    
The wild rainbow trout population in Hebgen Reservoir represent an adfluvial life history form.  Most of these fish live out their lives in the reservoir, but must move into a tributary to spawn successfully.  Spawning usually occurs from early April through late May with eggs hatching in about 50 days at 10o C (Brown 1971).  Redds are constructed in gravel beds by the female with the eggs being deposited into the interstices of the gravel.  Successful incubation, hatching and rearing habitat are dependent on and a good intergravel water current to keep the egg nests supplied with an adequate oxygen supply (MTFWP 1992).  Rainbow trout fry emerging from the redds either migrate almost immediately to the reservoir or rear in tributary streams and begin feeding on zooplankton and small insects.  Most individuals grow to reproductive maturity within the reservoir;  feeding on zooplankton, small insects, crustaceans and fish.  Although large numbers of Utah Chub are present in Hebgen reservoir, analysis of rainbow trout diets indicate that chubs are not consumed to any substantial degree (ERI and NWPS 2002).  Scale samples from Duck Creek indicated that most spawning rainbow trout were from 3 to 4 years old, but growth patterns were very complex, inconsistent and contained numerous “check” marks (Fredenberg 1991).

The growth rates for rainbow trout in Hebgen Reservoir vary between wild and stocked trout.  

Due to the appearance of a strong “stocking check” on the scales of hatchery plants,  generally about 8 circuli out from the focus (Oswald et al. 1990),  age at length and numbers of hatchery versus wild rainbow trout estimates were made from samples collected during night electrofishing on Hebgen Reservoir in October 1989 (Table 1).  Of the 301 rainbow trout sampled, 209 were believed to be hatchery stock and the remaining 92 wild.  The results indicated that the stocked age 0 DeSmet rainbow trout had an initial size advantage over their wild conspecifics (Oswald et al. 1990).  

AGE

	
	0
	1
	2
	3
	4
	5

	
	
	
	
	
	
	

	Hatchery
	9.7
	23.4
	37.6
	42.9
	44.5
	47.2

	Wild
	NA
	16.3
	33.0
	40.0
	45.0
	48.3


Table 1.  Average length (cm) at age for hatchery and wild rainbow trout taken from Hebgen Reservoir in October 1989 (Oswald et al. 1990).

In general,  adfluvial trout populations in reservoir systems may be limited by the availability of tributary spawning and rearing habitat.  Tributary limitations may include spawning gravel quantity, quality and migration barriers.  A large proportion of wild, juvenile rainbow trout that are recruited to adulthood may reside in tributaries for their first year. These juveniles populations may be limited by rearing and overwintering habitat quantity and quality.  Recruitment of wild trout in reservoir systems could also be limited by competition between wild rainbow trout and hatchery stocks due to aggressive behavior and a size advantage of hatchery stocks during the first 2 years of life (Oswald 1990; White 1995). Competition with Utah Chub and predation by brown may also limit the success of  wild rainbow trout recruitment.  Despite annual stocking efforts,  gill net data shows the rainbow trout population to be declining today as well (Figure 2) and densities of Utah Chub and brown trout appear to exceed rainbow trout densities in gill net catch rates (Figure 4).  The cause of the most recent declines in the trout population is not known, but decreased reproductive success may be related to drought conditions over the past several years (ERI and NWPS 2002).  

Several investigations point to the possibility that fry recruitment from tributaries may be limiting wild trout recruitment to the reservoir.  Inventories of physical habitat conditions of various tributary streams in the Hebgen Basin in 1989 lead to Trapper Creek being targeted for an enhancement project.  The Trapper Creek Fish Passage and Spawning Enhancement Project was initiated to eliminate fish passage barriers and to increase the abundance of high quality spawning habitat for wild trout in the Trapper Creek basin.  Seven log drop structures and approximately 32 rock structures were constructed within a 1.93 km reach of Trapper Creek during the summer of 1992.  In addition, a baffle structure was installed in an upstream culvert, and an additional 6 log drop structures and 4.6m3 of round washed gravels were placed at two spawning enhancement sites.  It was recommended that monitoring efforts for these sites should include (1) utilization of spawning enhancement sites determined by conducting redd counts in the spring and (2) comparisons of outmigrant fry trap data with that collected prior to the completion of the enhancement activities (Hetrick 1993).  

In 1994, stream surveys, abundance of spawning adults and fry trapping  investigations in Watkins Creek indicated that  restoration efforts may be appropriate for this drainage as well (Hetrick 1994).  Hetrick (1994) recorded that spawning occurs in the lower reaches of Watkins Creek, but fry production  appeared to be limited by egg mortality possibly due to high levels of fine sediment.  Watkins Creek has experienced considerable channel degradation and is subject to dewatering due to irrigation (Fredenberg 1991).   

Hebgen Dam is currently owned and operated by PPL of Montana, the primary funding source for this study.  In compliance with the Federal Energy Regulatory Commission order 2188, PPL of Montana has initiated a 3 year management plan for 2002-2005.  Key objectives in their management plan include the need to (1) identify, restore and protect important riparian areas, (2) to evaluate the potential to enhance tributary spawning to increase the contribution of natural reproduction to the Hebgen Reservoir fishery and (3) to evaluate the potential to enhance tributary spawning to increase the contribution of natural reproduction to the Madison River fishery (PPL 2000).  The current management goal for Hebgen Reservoir is to obtain a self-sustaining wild rainbow trout population that can support the recreational requirements of the fishery.  The underlying questions that remain in assessing the achievement of this goal are (1) Are spring rainbow trout runs successful in all tributaries that possess potential for spawning ? (2) has wild rainbow trout recruitment reached a level where annual stocking is no longer necessary ?, and (3) if spawning and recruitment levels are below full  potential, what are the leading factors that limit reservoir production ? (Byorth 2002 pers. comm.).     

An assessment of available spawning and rearing habitat,  habitat enhancement possibilities and the tributary potential for wild trout recruitment will be essential to effectively manage Hebgen Reservoir as a self-sustaining fishery.  Bradford et. al (1997) found that mean smolt abundance was highly correlated with stream length, suggesting that in a general sense smolt production was likely limited by the availability of physical habitat.   The objective of this study is to assess reservoir potential for wild trout recruitment among tributaries and to identify potential limiting factors.  This study will be conducted at the stream reach scale, but will be applied at the reservoir basin level as a predictor for potential production.  Redd abundance will be used to assess current levels of spawning use in as many tributaries as possible.  Potential factors limiting fry recruitment that will be measured include temperature,  availability and quality of spawning and rearing habitat, and the presence of barriers.  

Duck Creek, a tributary known to recruit high numbers of fry to Hebgen Reservoir, will be used to determine relationships between the number of redds, egg deposition per-female, and the total estimate of tributary fry outmigration.  Adult trapping on Duck Creek will be essential in determining the average length of adult spawning females to assess life history characteristics.  Adult trapping and fry outmigration estimates from Duck Creek will be compared to historical data to assess changes in tributary contribution.  The trapping data will be used to determine length-fecundity relationships to produce egg deposition per-female (yield per-redd) estimates (Magee 1993; Magee et al. 1996).  Fry recruitment in Duck Creek will be determined by the egg deposition per female, survival to emergence estimates of fry,  number of redds, and by estimates of total fry outmigration during trapping.  An inventory of reach length, water temperature, number of upstream migrating adults, and spawning and rearing habitat availability and quality in Duck Creek will be used to assess tributary potential and limiting factors.  Wild trout recruitment, potential for recruitment and limiting factors will be estimated in Black Sand Spring Creek, Cougar Creek, Duck Creek, Grayling Creek, the Madison River, Red Canyon Creek, Rumbaugh Creek, South Fork of the Madison River,  Trapper Creek, and Watkins Creek (Figure 5).  Fry recruitment in these tributaries will be based on the number of redds and by estimating yield per-redd from life history characteristics obtained from Duck Creek.  Factors that may limit recruitment in other tributaries will be estimated by comparing their reach length, water temperature, redd abundance, and the availability of spawning and rearing habitat.  

In addition, the contribution to wild trout recruitment by  age 1 outmigrants will be evaluated. Age 0 and yearling production densities will be assessed through the determination of migration checks on scales obtained from historic gill net data and from migrating adults trapped during this study.  Bigelow and White (1996) found that changes in feeding regime and water temperature effectively altered circulus spacing on trout scales and that the marks can be used to accurately predict the origin of a group of fish when their feeding and temperature regimes were manipulated.  Scale analysis of earlier gill net samples revieled that stocked fish showed a strong “stocking check”, generally about 8 circuli out from the focus (Oswald et al. 1990).  Rainbow trout that enter the reservoir as yearlings should possess a migration check that coincides with an increased growth rate after age one.  Gill net data will  be reviewed to estimate the ratio of wild to hatchery rainbow trout that are recruited into Hebgen Reservoir as well.  Drift net traps will be operated seasonally and fall electrofishing sampling will be conducted to further investigate yearling production densities.  
The study will provide management agencies with an assessment of local habitat conditions, habitat limitations and enhancement suggestions, as well as an evaluation of recruitment and potential for recruitment in Hebgen Reservoir.  This study will also provide the framework for assessing potential for wild trout recruitment in other reservoir systems.      

Study Objectives:

1. Estimate the relative contribution of each tributary and the total production of  the Hebgen Reservoir system.  

2. Develop an index from a tributary (Duck Creek) known for high fry production to aid in the prediction of tributary potential for recruitment. 
3. Quantify spawning and rearing habitat, obtain temperature regime data and conduct redd surveys and habitat limiting factor analysis for designated Hebgen Reservoir tributaries.

4. Evaluate the potential to enhance tributary spawning to increase the contribution of natural reproduction to the Hebgen Reservoir fishery
Hypotheses:

1) A lack of  spawning habitat or an inaccessibility to spawning habitat limits tributary contribution and reservoir production.

2) A lack of rearing habitat limits tributary contribution and reservoir production.

3)     Tributary fry production is related to the amount of  habitat available for spawning and

rearing.    

4)     Yearlings contribute more substantially to adult recruitment than do age 0 rainbow trout.


Study Area

Hebgen Reservoir is a 5,140 hectares impoundment on the Madison River, located in southern Gallatin County, Montana.  Hebgen Dam was constructed in 1,914 by the Montana Water and Irrigation Company.  The spillway is located approximately 29 kilometers northwest of West Yellowstone, MT and 19 kilometers west of the Yellowstone National Park west boundary (Figure 5). The impoundment is now operated by PPL Montana under a permit issued by the Federal Energy Regulatory Commission (FERC 2000).  

Hebgen Reservoir is maintained at a normal full pool elevation from June 20th through October 1st of between 1,990 and 1,992 meters above sea level and at an approximate minimum elevation of 1,988 meters from September 1st through March 31st (PPL 2000).  Maximum storage capacity of the reservoir is 46,560 hectare-meters, the total surface area at full pool is approximately 52 kilometers squared and the maximum depth is 25 meters (Martin 1967).    

The fishery of Hebgen Reservoir is mainly comprised of  brown trout (Salmo trutta), rainbow trout (Oncorhynchus mykiss), Utah chub (Gila atraria) and mountain whitefish (Prosopium williamsoni).  Limited numbers of cutthroat trout (Onchorhyncus clarki), brook trout (Salvelinus fontinalis), Arctic grayling (Thymallus arcticus), longnose sucker (Catostomus catostomus), and longnose dace (Cottus bairdi) have been documented in the reservoir as well (Graham 1955).

The Hebgen Reservoir basin is comprised of ten principal tributaries including;  Cougar Creek, Duck Creek, Grayling Creek, and the Madison River, (all of which  originate from within Yellowstone National Park), and Black Sand Spring Creek, Red Canyon Creek, Rumbaugh Creek,  the South Fork of the Madison, Trapper Creek, and Watkins Creek (Figure 5).  All of these tributaries possess spawning potential (Oswald et al. 1990) and will all be included in this study.  In order to conduct redd counts and to determine the quantity and quality of available spawning and rearing habitat in the headwaters of  Cougar Creek, Duck Creek, Grayling Creek, and the Madison River, access into Yellowstone National Park will be required (from the west  boundary to the interior of Yellowstone Park, to include primary spawning areas).  Investigations of the Duck Creek drainage will require access to three tributaries that originate in Yellowstone National Park. These tributaries include; Campanula Creek, Gneiss Creek, and Richards Creek (Figure 6).  The upper reaches of Cougar Creek (including Maple Creek), Grayling Creek and the Madison River (from the west boundary upstream to the Madison Canyon) will require access to Yellowstone Park as well.  All other areas in the study are on Gallatin National Forest or are privately owned lands.  
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Figure 6. Map of the Duck Creek drainage and proposed trap sites.

Methods

Adult Trapping 

Adult migrants will be trapped on Duck Creek to determine life history characteristics of wild rainbow trout in Hebgen Reservoir.  The trap data will be used to assess length-fecundity relationships to produce egg deposition per-female (yield per-redd) estimates (Magee 1993; Magee et al. 1996).  Adult trapping on Duck Creek will be essential in determining the abundance and timing of upstream migration and the average length of adult spawning females. The Duck Creek trap is approximately 350 meters downstream from the Yellowstone National Park boundary (Figure 6) and is positioned directly above the Koelzer pond fish ladder, which provides the only upstream passage around the man-made dam (Fredenberg 1991).  The Duck Creek trap will be functional in early April and will remain in until upstream migration has ceased.  

Upstream migrating adults will be measured for length and weighed,  gender will determined,  sexual maturity will be assessed, fish will be examined for the presence of external marks, and scales samples will be taken (Hetrick 1994).  All fish will be marked with a fin punch, on the left pelvic fin,  to determine the number of returning adults during the second season. The punch should remain visible through out the spawning period and upon the second year of capture the regenerated fin rays should appear distorted at the location of the punch (Murphy and Willis 1996).  Radcliffe (1950) concluded that fin clipping does not appear  to affect the sustained swimming ability of fish and will not require anesthetic and prolonged holding for recovery of trapped fish.   A dose of clove oil will be used to anesthetize adult rainbow trout if needed.  Deep anesthesia with a minimal recovery time can be achieved with a dose of 30-40mg/L (Prince and Powell 2000).

Scale Analysis

Scales collected at the Duck Creek trap site as well as scales from recent gill net data will  be used  estimate the ratio of wild to hatchery rainbow trout and to determine the relative that wild rainbow trout age recruited into Hebgen Reservoir.  Scales will be collected from all adult migrant rainbow trout at the Duck Creek trap site.  Scales will be taken from an area posterior of the dorsal fin and above the lateral line (Mogen 1996; Murphy and Willis 1996).  The scales will be archived for current research purposes and for future reference for Hebgen Reservoir fisheries managers.  Scale analysis of recent gill net samples revieled that stocked fish showed a strong “stocking check”, generally about 8 circuli out from the focus (Oswald et al. 1990).  All scales will be assessed for the presence of migration checks.  Through determination of migration checks on scales the likelihood of  an age 1 outmigration will be assessed.  

All planted rainbow trout fingerling since 1995, approximately 500,000 total, have been tetracycline marked in the hatchery and approximately 25% of them have been adipose fin clipped (Byorth 2002 pers. comm.).  Vertebrae samples have been collected from recent gill net catches as well and will be used determine the presence of tetracycline (Byorth 2002 pers. comm.).  A small fraction of adult migrating fish trapped at the Duck Creek site may be sacrificed,  if requested by Montana Fish Wildlife and Parks, to determine the presence of tetracycline for hatchery contribution data.

Fry Trapping

Fry recruitment in Duck Creek will be determined by the egg deposition per female, survival to emergence estimates of fry,  number of redds, and by estimates of total fry outmigration during trapping.  Enumeration of outmigrant fry and the timing of fry emigration will be estimated using downstream fry traps.  Fry traps will be secured in the thalweg in three locations on Duck Creek, including an upstream trap immediately inside the Yellowstone Park boundary, (Figures 6) to sample fry drifting downstream (Mogen 1995).  Fry traps will be installed from May to early June, will be in use for four days each week and will  operate until early September.  Traps will be checked at least twice daily, once in the early morning and once in the late evening (Alexander and  MacCrimmon  1974). The fry will be separated from the debris, identified, counted and fork length will be measured to the nearest mm.  

Weekly trap efficiency estimates will be calculated.  An on site mark and recapture method will be used in determining fry trap efficiency.  All fry will be continuously counted at each designated fry trap site (Carlson et al. 1998).  Random samples, on a weekly rotation, will be marked with 1:30,000 Bismarck Brown Y dye solution. The fry will be immersed in the 1:30,000 solution for one hour in an aerated tank. They will then be transported upstream, given one hour to recover in a mesh live car and will be released into a low velocity pool area (Fraley and Clancey 1988).  The die should make the fry distinguishable for at least 4 days (Ward and Verhoeven 1963;  Lawler and Fitz-Earle 1967; Hennessey 1998).  This concentration of 1:30,000 and a one hour immersion time was chosen for fry marking because this combination has yielded the best retention, shortest immersion time and the lowest associated mortalities in recent lab trials (Hennessey 1998). The number of stained recaptures that are recovered at that weeks designated trap site will be used to estimate to the total unmarked population.  The number of fish recaptured divided by the number marked will be used as an estimate of trap efficiency (Kennen et al. 1994; Thedinga et al. 1994). Four assumptions will be made to estimate trap efficiency: (1) released fry will continue downstream migration after release, (2) handling will not effect the behavior of migrants, (3) mortality rates from the time of release to the time of recapture will be minimal, and (4) marked and unmarked fish will mix randomly in the population and there will be an equal probability of being recaptured (Kennen et al. 1994). The number of fry trapped will be used as an index of total fry recruitment (Byorth 1990; Shepard 1992; Hennesey 1998).  

The fry trap data, along with adult trap data, will be used to determine length-fecundity relationships to produce egg deposition per-female (yield per-redd) estimates (Magee 1993; Magee et al. 1996).  Fry production per-tributary will be estimated by taking the total number of redds within the sampled area multiplied by the egg deposition per-female and then by an estimate of fry survival to emergence.  Survival to emergence will be estimated by the average substrate composition of redds in a given area and the relationship between survival to emergence of salmonids and substrate composition (Weaver and Fraley 1991; Young et al. 1991; Magee 1993). 

Discharge

Discharge will be determined with the velocity-area method at the Duck Creek trap sites (Murphy and Willis 1996).  Discharge will be estimated at various flows and staff gauges will be installed near the  trap sites to establish a staff-height discharge relationship.  Velocity measurements at trap sites will be taken with a Flow Mate®.  Manual velocity techniques, with a floating object timed over a given distance,  will be used in all remote habitat inventory investigations (Murphy and Willis 1996; Overton et al. 1997). 

Redd Surveys 

Redd abundance will be used to assess current levels of spawning use in as many tributaries as possible.  Redd surveys will be conducted on all principle Hebgen Reservoir tributaries.  Surveys will begin at the mouth of each tributary and investigations will continue upstream until primary areas of spawning habitat have been inventoried.  Preliminary field reconnaissance, in early May,  will be conducted to determine the appropriate time and areas for final redd counts (Spalding 1997).  Redd counts will be conducted throughout May and June depending on discharge and timing of adult spawning migrations.  Redds will be visually identified by the presence of a pit or depression and associated tail area of “clean” or “bright” disturbed gravel (Spalding 1997).  Each pit with a distinct tail will be counted as a redd.  Redds will be classified as definite, probable and possible, with the definite and probable categories being counted together in the final number of redds in the survey (Shepard and Graham 1983;  Spalding 1997).  Redds location will be collected as way points on a hand held GPS unit and will be physically marked by placing a brightly colored, painted rock immediately downstream of the nest.  The same survey crews will be asked to count the same tributaries for both field season to obtain consistency in data collection.  
Temperature Regimes

It was suggested in prior investigations that water temperatures may play a key role in determining which tributaries support spawning runs (Oswald et al. 1990).  Onset Stowaway Tidbit® thermographs will be installed in each principle tributary.  The units will be installed in mid April and will be retrieved in late September.  The thermographs will be calibrated and then programmed to record water temperatures at 2 hour intervals (Chandler et al. 2002).  
Habitat Inventory

To assess limiting factors and to compare the quantity and quality of available spawning and rearing habitat, stream habitat inventories will be conducted.  Factors that may limit recruitment in other tributaries will be estimated by comparing their reach length, water temperature, redd abundance, and the availability of spawning and rearing habitat and the presence of barriers.  

Stream habitat analysis will be conducted using standard stream habitat inventory methodologies.  A modified R1/R4 habitat inventory methodology will be applied in the study area.  The modified method  incorporates Rosgen channel typing as a means to differentiate stream types (see Rosgen 1994).   All habitat classification terminology and measurements have been derived from the R1/R4 Fish and Fish Habitat Standard Inventory Procedures Handbook (Overton et al. 1997).   

Estimating spawning substrate quality and quantity will be essential for comparing streams and for recommending areas for restoration.  Young et al. (1991) found that the way in which stream substrates are disturbed may dictate the most appropriate measure of substrate composition.  For example bank erosion of floodplain alluvium introduces predominately fine sediment and might best be detected using the percentage of substrate less then a given size.  Other studies (Chapman and Mcleod 1987; Weaver and Fraley 1993) have shown that survival to emergence tends to decrease as the proportion of fine sediments increases in the incubation environment.  Stream bank stability and soil alteration and fine sediment will be estimated by percent, using  an  incremental, five class, rating system (Platts et. al, 1987 ).  The area of potential spawning gravel, patches of substrate at least 0.25 m2  in area with 2-35 mm in diameter, will be measured in meters and will be expressed as a percent of total reach surface area (Magee et al. 1996). 
Spawning habitat quality will be assessed and compared between tributaries by sampling with a McNeil core sampler.  A series of samples will be taken in late summer and early fall for each tributary. The samples will be taken in areas were redds were constructed earlier in the spring.  Several samples will be taken in each tributary and will be processed in the field by the wet-sieved method (Chapman and Mcleod 1987;  Murphy and Willis 1996).     
Pebble counts will be used in the Rosgen channel typing process and in quantifying spawning habitat during inventory procedures.  The pebble count method (Wolman 1954; Kondolf 1997) involves measurement of the diameter of 100 randomly selected stones from geomorphic features on the bed surface. Pebble counts provide reproducible surface grain size distributions and can be readily adapted for use in fish habitat studies an alternative to visual estimates (Kondolf 2000

The weight of evidence tends to indicate that areas with high embedded ness (50% or higher) tend to have lower densities of salmonids (Chapman and Mcleod 1987).  Embeddedness, extent to which predominant-sized particles are covered by finer sediments, will be ranked from 1-5 with 1 being completely embedded and 5 being unembedded (Crouse et. al. 1981; Chapman and Mcleod 1987). 

Any upstream passage barriers including, structures, water falls, beaver dams and log jams will be documented, photographed and utm coordinates will be recorded.  Estimate of the availability and quality of rearing habitat will include inventorying the amount of pool habitat units, backwater areas, the percent of fine sediment and the frequency of large woody debris.   

Distribution and Abundance of Juvenile Salmonids
Yearling contribution will be evaluated primarily by age 0 and yearling production densities and will be assessed through the determination of migration checks on scales obtained from historic gill net data and from migrating adults trapped during this study.   Rainbow trout that enter the reservoir as yearlings should possess a migration check that coincides with an increased growth rate after age one.  The relative abundance of juvenile rainbow trout in tributaries of Hebgen reservoir will be estimated through fall electrofishing and in Duck Creek through early spring and fall drift net trap sites.  If a substantial migration of juvenile (age 1) rainbow trout is detected, screw traps may be implimented to sample the population.  Screw traps have been used as an effective means to trap migratory juvenile salmonids in recent studies (Kennen et al. 1994;  Thedinga et al. 1994).  Coded wire tagging, consisting of a stainless steal wire etched with a binary code of four longitudinal rows (Chart and Bergerson 1988), may be adapted as a means of tagging year old juvenile rainbow trout for future recruitment research if a substantial outmigration is detected and feasible to sample.

Time Table

Work will begin in September 2001 and will take approximately 2.5 years to complete. Research will be conducted from April through mid-September for two consecutive field seasons.

Fall 2001:

· Attend classes at Montana State University

· Secure funding for project 

Spring 2002:

· Attend classes at Montana State University
· Study design and proposal completion

· Instalation of thermographs

· Adult fish trap instalation and fry trap construction

· Adult fish trapping and redd surveys

Summer 2002:

· Adult fish trapping and redd surveys

· Fry trapping

· Electrofishing surveys

· Habitat inventories

Fall 2002:

· Attend classes at Montana State University
· Collection of thermographs
· Gill net and scale analysis
· Field data organization and  interpretation 
Spring 2003:

· Attend classes at Montana State University
· Instalation of thermographs

· Adult fish trap instalation 

· Adult fish trapping

Summer 2003:

· Adult fish trapping and redd surveys

· Fry trapping

· Electrofishing surveys

· Habitat inventories

Fall 2003:

· Collection of thermographs

· Data analysis

· Thesis writing and completion

Personnel
-Darin Watschke:
   USFS Fisheries trainee; MSU graduate student.

                             

   (Fieldwork, analysis and reporting) 



(406)585-5448   dwatschke@hotmail.com
-Dr. Tom McMahon:   Professor and graduate advisor at Montana State University.  
                                       (Graduate advisor, research design) 

   (406)994-2492   tmcmahon@montana.edu
-Wally McClure:          Forest Fisheries Biologist for the Gallatin National Forest.

         (Habitat assessment)
         (406)587-6711  wmcclure@fs.fed.us 

-Pat Clancey:                Fisheries Biologist for Montana Fish, Wildlife and Parks.

               (Fish population assessment)

               (406)682-7807   pcensfwp@3rivers.net
	
	


-Pat Byorth:                 Fisheries Biologist for Montana Fish Wildlife and Parks.
                 (Fish population assessment)

  (406)994-6938  pbyorth@montana.edu
-Brent Mabbott:          PPL of Montana Fisheries Biologist, TAC chairman.   

         (Logistics, reseasch design)

         (406)533-3447  lbmabbott@pplmt.com
-Robin Gaustad:          USFS Fisheries Technician, Gallatin National Forest
                                 (Field crew member)


                                 (406)522-0532 

-Lisa Musgrave:          MSU student, Fisheries Technician
                                 (Field crew member)

                                       (406)586-7223 

Budget

	Cost-share source


	Item
	Amount
	Individual Cost
	Total Cost

(2 field seasons)

	MT FWP
	Boat
	1 for 2 seasons
	$1,000.00 annually
	$2,000.00

	
	Vehicle
	1 Pickup
	$3,000.00 annually
	$6,000.00

	
	Technicians
	1 Technicians
	$2400.00 per month 
	$7,200.00

	Total
	
	
	
	$15,200.00

	
	
	
	
	

	USFS
	Summer Salary
	3 months x 3 summers
	$7,000.00 annually
	$21,000.00

	
	Housing 

(Trailer pad
	12 months
	$150.00 per month
	$1,800.00

	Total
	
	
	
	$22,800.00

	
	
	
	
	

	TAC Funds
	*Computer
	
	
	$4,000.00

	
	*Camper/

  Trailer
	  
	
	$14,000.00

	
	*Snowmobile   (2)and Trailer
	
	
	$13,000.00

	
	Mileage
	1,500 miles/

month x 14 months
	21,000 miles x $0.30/mile
	$6,300.00

	
	Boat Operation/ Maintenance
	22 months
	$200.00 per month
	$4,400.00

	
	*Field Supplies
	Traps, Thermographs and Supplies   
	
	$4,000.00

	
	Tuition 
	5 semesters 
	$2,500.00 per sem.
	$12,500.00

	
	Books
	5 semesters
	$250.00 per sem.
	$1,250.00

	
	Stipend


	27 months
	$1,100.00 per month
	$29,700.00

	
	MSU Overhead Assessment
	24% of total TAC funding
	24% of  $43,450.00
	$10,428.00

	Total TAC   Funding
	
	
	
	$99,578.00

	Total Cost
	
	
	
	$137,578.00




*Ennis Fisheries Biologists Inventory Items  (Some items above are estimates of costs.)
All costs are estimates and are subject to be changed. Funding for the total amount listed above has been voted on and approved by the Madison River Technical Advisory Committee (TAC).  

A field technician will be hired to assist from mid-April through the first week in September for both field seasons. The technician will be hired through MSU and the funding is to be obtained  from surplus funds in the MSU budget (Stipend, Tuition and Books). After the first field season is completed the MSU budget will be assessed and excess funds from the remaining TAC budget  (within the total project budget), can be appropriated to MSU, if needed, to fund the position for the second season.  The approximate cost for this position is estimated at:


$8.00/hr   x   800hrs/field season  x   10% overhead  x   2 seasons =  $14,080.00  

Additional technician assistance may be provided by Fish Wildlife and Parks and the U.S. Forest Service in a cooperative effort to accomplish all related fisheries research in the Hebgen Lake area.   
	
	Items Listed as Supplies


	

	Item
	Amount
	Total Estimated Cost

	Material for Adult Traps
	2 adult traps
	$460.00

	Material for Fry Traps
	4 fry traps
	$300.00

	Scale
	1
	$160.00

	Two Way Radios
	1 pairs
	$150.00

	Waders
	3 pairs
	$375.00

	Hip Boots
	2 pairs
	$150.00

	Dip Nets
	2
	$250.00

	Hole Punch
	3
	$40.00

	Measuring Board
	1
	$100.00

	Buckets
	6
	$60.00

	Coolers
	3
	$75.00

	Aerated Fry Tank
	1
	$200.00

	Tid Bit Thermographs
	10
	$1100.00

	GPS Unit
	1
	$250.00

	Film and Developing
	
	$100.00

	Bismarck- Brown Dye
	
	$50.00

	Bear Spray
	3 canisters
	$180.00

	Total Estimate
	
	$4000.00
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		1973		1.9		2.1				1973		0		9.5				1996		5.8		11.5		55

		1974		2.7		2.7				1974		0		9.5				1997		5.6		12		90

		1975		0		0				1975		0		0				1998		9.5		9		42

		1976		0		0				1976		0		0				1999		7.2		24.5		144

		1977		0		0				1977		0		0				2000		6		13		95

		1978		0		0				1978		0		0				2001		2.5		13.5		63

		1979		0		0				1979		0		0						Surface		Surf&Bt		Surface

		1980		0		0				1980		0		11.5

		1981		0		0				1981		0		0

		1982		3		3				1982		0		14.8

		1983		2		1.9				1983		0		14

		1984		1.2		1.2				1984		4		18.75

		1985		3.9		3.9				1985		5.5		13

		1986		4.5		4.2				1986		5.7		12

		1987		3.2		8				1987		3.5		12

		1988		7.8		7.2				1988		5.5		15

		1989		8.7		8.5				1989		5.3		17.5

		1990		0		6.5				1990		0		13.5

		1991		0		7				1991		0		0

		1992		0		4.6				1992		0		8

		1993		6.4		4.2				1993		6		13.7

		1994		5		0				1994		3.75		8.75		12.5

		1995		15.5		0				1995		8.6		7		15.6

		1996		5.8		0				1996		4		7.5		11.5

		1997		5.6		0				1997		3.5		8.5		12

		1998		9.5		0				1998		2.5		6.5		9

		1999		7.2		0				1999		13		11.5		24.5

		2000		6		0				2000		3.5		9.5		13

		2001		2.5		0				2001		2.5		11		13.5
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Sheet1

		Hebgen Reservoir Gill Net Densities

		Rainbow								Brown

		year		Spring		Fall						Surface		Bottom						Rainbow		Brown		Utah Chub

		1971		1.1		1				1971		0		6				1994		5		12.5		22

		1972		0		0				1972		0		6				1995		15.5		15.6		19

		1973		1.9		2.1				1973		0		9.5				1996		5.8		11.5		55

		1974		2.7		2.7				1974		0		9.5				1997		5.6		12		90

		1975		0		0				1975		0		0				1998		9.5		9		42

		1976		0		0				1976		0		0				1999		7.2		24.5		144

		1977		0		0				1977		0		0				2000		6		13		95

		1978		0		0				1978		0		0				2001		2.5		13.5		63

		1979		0		0				1979		0		0						Surface		Surf&Bt		Surface

		1980		0		0				1980		0		11.5

		1981		0		0				1981		0		0

		1982		3		3				1982		0		14.8

		1983		2		1.9				1983		0		14

		1984		1.2		1.2				1984		4		18.75

		1985		3.9		3.9				1985		5.5		13

		1986		4.5		4.2				1986		5.7		12

		1987		3.2		8				1987		3.5		12

		1988		7.8		7.2				1988		5.5		15

		1989		8.7		8.5				1989		5.3		17.5

		1990		0		6.5				1990		0		13.5

		1991		0		7				1991		0		0

		1992		0		4.6				1992		0		8

		1993		6.4		4.2				1993		6		13.7

		1994		5		0				1994		3.75		8.75		12.5

		1995		15.5		0				1995		8.6		7		15.6

		1996		5.8		0				1996		4		7.5		11.5

		1997		5.6		0				1997		3.5		8.5		12

		1998		9.5		0				1998		2.5		6.5		9

		1999		7.2		0				1999		13		11.5		24.5

		2000		6		0				2000		3.5		9.5		13

		2001		2.5		0				2001		2.5		11		13.5
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		1954-61		217		0		0		0		0		Quantities and strains of salmonids stocked in Hebgen Reservoir

		1962-66		79		0		0		0		0				Hatch RB		EL RB		DeSmet		McBrideCT		WestSCT

		1967-74		158		0		0		0		0

		1975-79		153		0		0		208		0

		1980		52		0		0		221		55

		1981		0		0		0		282		30.4

		1982		0		0		0		329		0

		1983		0		70		0		276		0

		1984		0		70		0		83		0

		1985		0		0		0		22		0

		1986		0		84		0		76		0

		1987		0		123.5		351		0		0

		1988		0		210		360		0		0

		1989		0		0		280		0		0

		1990		0		0		272		0		0

		1991		0		0		205		0		0

		1992		0		0		277		0		0

		1993		0		20		0		0		0

		1994		0		48		105		0		0

		1995		0		50		55		0		0

		1996		0		107		0		0		0

		1997		0		107		0		0		0

		1998		0		107		0		0		0

		1999		0		107		0		0		0

		2000		0		107		0		0		0

		2001		0		107		0		0		0

		2002		0		107		0		0		0
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