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a. Abstract 
Native resident salmonid populations are in decline throughout much of their range.  Bull trout have recently been listed as threatened under the Endangered Species Act (ESA), and redband trout and Yellowstone cutthroat trout have been petitioned to be listed.  This project is a multi-phased project with the goal of protecting and restoring populations of native salmonids (redband trout, cutthroat trout, bull trout, whitefish) in the Snake River Basin above Hell's Canyon Dam in Idaho to self-sustaining, harvestable levels.  The objectives are to: 1) Assess stock status, population trends, and fish habitat; 2) Identify life history and habitat needs, and limiting factors; and 3) Develop, implement, and monitor the effectiveness of recovery and protection plans for populations at risk.  The first phase of inventorying fish populations and their habitat should be completed by the end of FY2004.  

The objective of the first phase of the project is to assess the current distribution and abundance of existing populations of native salmonids throughout the Upper Snake River Basin, and to assess what factors influence this status.  Our study design focuses on several scales, including reach- and stream-level, watershed-level, and entire species' ranges (i.e., several subbasins taken together).  Relating fish abundance and distribution to stream and adjacent habitat conditions leads directly to limiting factor analysis (Phase II).  This second phase will be to identify life history and habitat needs, causes for population declines (limiting factors, threats to persistence), and opportunities for restoration.  Once limiting factors have been identified, the third phase will be to use this information to develop recovery and protection plans for populations at risk.  Expected outcomes are activities and resource management plans that result in the recovery, protection, and long-term persistence of native salmonids.

b. Technical and/or scientific background
Since the construction of Swan Falls dam in 1901, the upper Snake River basin has been heavily impacted by hydroelectric development.  Currently there are approximately 92 hydroprojects and countless irrigation diversions making use of Snake River water in the Idaho portion of the basin.  These activities, as well as habitat degradation due to logging and grazing practices, and the introduction of exotic fish species, have had significant impacts on native salmonids.  Anadromous salmon and steelhead that used to inhabit the Snake River and its tributaries below Shoshone Falls have been extirpated by dam construction and hydroelectric operations.  


Bull trout, redband trout, and Yellowstone cutthroat trout populations have experienced significant reductions in distribution and abundance in much of their historical range (Rieman et al. 1997; Thurow et al. 1997; Kruse et al. 2000).  In June 1998, Columbia basin bull trout were listed as a threatened species by the U.S. Fish and Wildlife Service.  Petitions have also been recently filed to list redband trout and Yellowstone cutthroat trout under the ESA, although neither are currently listed.  All three species are listed by IDFG (2001) as species of special concern category A, which are top priority species, and by BLM and USFS as sensitive species.  Despite the sensitive status of these salmonids, quantitative data on the current distribution, trends, habitat, life history needs, limiting factors, and threats to persistence of native salmonids in the upper Snake River basin is minimal for most populations. 

The extent of the declines in distribution, however, remains unclear because most previous assessments of the status of native salmonids have largely been qualitative and based on professional judgment (May 1996; Rieman et al. 1997; Thurow et al. 1997).  Using Yellowstone cutthroat trout as an example, May (1996) surveyed biologists with questionnaires regarding their knowledge of current distribution, and based on these results, suggested that viable populations remain in 43% of the historical range in Idaho.  Using a similar method, Thurow et al. (1997) estimated that, over their entire potential historical range in Montana, Idaho, and Wyoming, 66% was still occupied.  Even assessments that have been quantitative have focused on the proportion of historical range now occupied, such as Kruse et al. (2000) who reported that 26% of the 104 trout-bearing streams in the Greybull and Shoshone drainages in Wyoming outside of Yellowstone National Park contained genetically pure Yellowstone cutthroat trout. 

Because historical distribution (and abundance) is unknown, all these approaches require major assumptions about which streams were originally occupied.  Our approach has been to randomly select streams within a subbasin and randomly distribute sampling sites within streams to determine present distribution and abundance of salmonids for each subbasin.  Based on these results, current status, effective population size, genetic purity and interconnectedness of populations of native salmonids can be determined, and recovery strategies can be developed and implemented where necessary, regardless of what the exact historical distribution might have been.

Recovery strategies cannot be developed for declining or at-risk populations without knowledge of what factors are contributing to the decline.  Most commonly, declines in distribution and abundance of native salmonids throughout North America, including the western Rockies, have been attributed to exotic species introductions, habitat degradation, and over harvest (Rieman and McIntyre 1993; Young 1995).  Our study design incorporates all of these factors.  However, to date, little research has been done on a broad scale to identify factors influencing the persistence of native salmonids in some areas and declines in others.  

In general, populations of native salmonids that still persist in western North America tend to be located at high elevation, steep gradient reaches that are relatively unproductive (Gresswell 1988; Rieman and McIntyre 1995; Young 1995).  While this may hold true in a broad perspective, factors that influence native salmonid persistence within individual subbasins may vary.  For example, Watson and Hillman (1997) found numerous variables that were positively related to bull trout occurrence and abundance, including the presence of undercut banks, large substrate, deep pools, and wood and boulder cover, and the absence of exotic trout species.  However, the combinations of variables that correlated with bull trout densities varied considerably between basins, and the relationships deteriorated at finer scales of analysis.  Their results suggest that recovery and protection strategies be site-specific.  Indeed, our results to date concur with their findings.  For example, in 2000 we surveyed the Teton and Portneuf river drainages, and found that, in the Teton River drainage, Yellowstone cutthroat trout occurred more often in sites with lower elevation, but no other variables that were tested had significant effects on cutthroat trout distribution.  In contrast, a number of variables influenced cutthroat trout distribution in the Portneuf River drainage, including average water depth, the presence of fine, cobble, and boulder substrate and riffle and run habitat, stream order, and conductivity (Meyer and Lamansky 2001, In press).  Thus, in developing recovery strategies for populations of native salmonids across the middle and upper Snake River provinces, what might work in one watershed may be ineffective in another, and consistent measures that work across all subbasins may not exist.  Studies that we design to assess limiting factors will attempt to take these factors into account. 

In addition to the influence habitat conditions have on native salmonids, their inability to persist in the presence of exotic salmonids is one of the most predominantly cited explanations for the decline of native salmonids in North America (Fausch 1988; Young1995).  Non-native salmonids have been introduced throughout the Upper Snake River Basin above Hell's Canyon Dam, and pose threats to native salmonids in terms of ecological (competition and predation) and genetic (hybridization) interactions (Griffith 1988) in many locations.  Strategies developed to recover many at-risk populations of bull trout, cutthroat trout, and redband trout in the upper Snake River basin may benefit from the removal of sympatric non-native salmonids (Harig et al. 2000).  Because the use of icthyocides (i.e., rotenone, antimycin) requires environmental assessments (i.e., NEPA analysis), kills non-target species (fish and invertebrates), and has the potential for fishkills outside the target area, multi-year electrofishing depletions is commonly used as an alternative removal technique in the recovery of isolated populations of native salmonids (Moore et al. 1983; Thompson and Rahel 1996; Kulp and Moore 2000).  Previous evaluations of the effectiveness of electrofishing removals have focused on removal efficiencies and subsequent fish densities (Moore et al. 1983; Thompson and Rahel 1996; Kulp and Moore 2000), but have not investigated population dynamics responses or compensatory effects.  Before electrofishing removals are incorporated into recovery strategies of imperiled populations of salmonids in the upper Snake River basin, a complete evaluation of the removal effectiveness and the population dynamics responses is warranted.  New strategies designed to remove exotic salmonids are underway elsewhere (e.g., Young 2001), and their effectiveness may be evaluated in the future.  In addition, the distribution and abundance of non-native salmonids we detect in our surveys has been considered a vital component to any statistical modeling we undertake to explain the current patterns of native salmonid distribution and abundance.  

Work on this project has been and will continue to be focused in all Snake River tributaries, namely the tributaries and headwaters of the Owyhee River, Weiser River, Payette River, Boise River, Bruneau River, Big Wood River, Salmon Falls Creek, Goose Creek, Raft River, Portneuf River, Blackfoot River, Willow Creek, and the Henry's and South forks of the Snake River.

c. Rationale and significance to Regional Programs
The overall goal of the project is to protect and restore native resident salmonid populations in the Snake River basin upstream of Hell's Canyon Dam in Idaho to self-sustaining, harvestable levels.  This goal closely mirrors the Northwest Power Planning Council's Fish and Wildlife Program and subbasin summaries, IDFG’s Fish Management Plan, and Idaho’s Bull Trout Conservation Plan.  

The 2000 Fish and Wildlife Program (FWP) makes an appeal to:

“Restore native resident fish species (subspecies, stocks and populations) to near historic abundance throughout their historic ranges where original habitat conditions exist and where habitats can be feasibly restored”. 

"Maintain and restore healthy ecosystems and watersheds, which preserve functional links among ecosystem elements to ensure the continued persistence, health, and diversity of all species, including game fish species, non-game fish species, and other organisms." 

“Complete assessments of resident fish losses throughout the basin resulting from the hydrosystem, expressed in terms of the various critical population characteristics of key resident fish species”. 

All three statements apply directly to the goals, objectives, and tasks of this project through our efforts to assess current status of native salmonids throughout the middle and upper Snake River provinces (including in and around hydrosystems), and, where necessary, to develop and implement strategies designed to restore native resident fish species to self-sustaining levels.

A recurring theme throughout the subbasin summaries in the middle and upper Snake River provinces is the lack of and need for information on current status of native salmonids, knowledge of specific limiting factors causing declines in population strength, and restoration plans and strategies for populations at risk of extinction or where there is a need to enhance the distribution and self sustaining viability of existing populations.  

IDFG's fish management plan (IDFG 2001) states that wild, native, self-sustaining fish populations are a management priority, as is protection and restoration of habitats and water quality for these species.  One of the goals of the plan is to maintain and restore wild, native fish populations.

The project also relates to the State of Idaho’s Bull Trout Conservation Plan (State of Idaho 1996).  The mission of the plan is to “maintain and/or restore complex interacting groups of bull trout populations throughout their native range in Idaho.”  The goals of the plan are to “maintain the conditions of those areas presently supporting critical bull trout habitat” and “institute recovery strategies that produce measurable improvement in the status, abundance, and habitats of bull trout.”


The goals of this project are analogous to those of the above plans, namely to promote the long-term viability of native resident salmonids.  We recognize that the key to maintaining and restoring wild, native salmonids over the long-term will be to protect and restore the natural functions of the watersheds and ecosystems.  Without this, habitat or population restoration activities will probably fail.  Consequently, a coordinated approach involving expertise in other fields such as hydrology, geology, soil science, range and forest science will be necessary throughout the project to understand proper watershed function, identify threats to the watersheds and the fish populations in particular, and implement restoration and recovery plans.  The recovery strategies implemented will follow Frissell (1993), who stated that restoration goals should “1) Maintain options for future recovery by ensuring a secure, well-distributed, and diverse constellation of natural habitats and co-adapted populations, and local examples of natural ecosystem processes, remain in place over the long-term; 2) Secure existing populations of aquatic species, including fishes, and maintain the critical areas supporting healthy ecosystem function; 3) Institute recovery measures that stand the greatest chance of producing measurable improvements in the status and abundance of wild fish populations, and improvements of ecosystem function, in the near term.”

This project will partially mitigate for fish losses due to the construction and operation of the federal hydropower system in Idaho, namely Anderson Ranch Dam, Boise Diversion Dam, Minidoka Dam, Palisades Dam, and Black Canyon Dam.  It will include on-site and off-site mitigation activities.

d. Relationships to other projects 
Our project is related to several ongoing and proposed projects in the middle and upper Snake River provinces, several of which relate to BPA funding.  IDFG is submitting a proposal to BPA titled, " An assessment of genetic risk to resident trout populations from hybridization and introgression with hatchery rainbow trout, and an analysis of genetic population structure of Yellowstone cutthroat trout and redband trout populations in the Middle and Upper Snake River Sub-Basins" (Matt Campbell; 208-939-4114).  The goals are to assess current and future genetic risks, prioritize populations for conservation and management purposes, identify suitable populations for translocations, reintroductions, and broodstock development, understand genetic population structure, and address genetic concerns in future ESA petitions.  Genetic samples will be supplied primarily by our project, but also from other federal, state, tribal, and private partners. 

Another proposal by IDFG, titled "Fishery Restoration of Gold Fork River, Idaho" (Dale Allen; 208-634-8137), proposes to establish new bull trout populations in suitable habitat throughout the Gold Fork River watershed over a six to ten year period, and to reconnect the Gold Fork River drainage by creating fish passage at the Gold Fork Diversion and other minor water diversions on the lower Gold Fork River.  The combination of the river corridor improvements and expansion of bull trout local populations will help insure survival of the current isolated population of bull trout, and would compliment our work directly.
The Natural Resources Conservation Service, in conjunction with numerous other federal, state, tribal, local, and non-profit entities, are proposing three projects, in order to implement Best Management Practices to improve riparian habitat and upland conditions within the Medicine Lodge, Billingsley Creek, Clover Creek watersheds.  All three proposals propose to restore habitat for native salmonids, and thus would be complimentary to future recovery strategies developed, implemented, and monitored by our project.

Regarding projects not funded by BPA, IDFG has undertaken a research project on the population dynamics of redband trout in the Snake River desert (Dan Schill 208-465-8404).  They will be surveying redband trout throughout much of the Bruneau River and other Snake River tributaries, studying growth, maturity, mortality, movement patterns, and effective population size.  They will be using our sampling protocol for fish and habitat surveying, will be collecting genetic fin clips on redband trout, and will be collecting water temperature data throughout the subbasin, so their work will directly compliment ours and will minimize the need for us to perform surveys in the Bruneau River subbasin and possibly other adjacent watersheds.  

The U.S. Bureau of Reclamation (BOR) has several ongoing and proposed projects in the Boise River basin (Tammy Salow 208-378-5330).  In conjunction with the Boise National Forest, BOR is monitoring trends in bull trout migration and abundance with changes in habitat and environment, and determining genetic population structure, using fish captured by electrofishing, a screw trap, and a weir trap.  The screw trap is borrowed from the Snake River Native Salmonid Assessment Project; we have provided assistance with site location and installation.  Results have been and will continue to be shared with our project.  

Several other federal, state, tribal, and private partners perform seasonal inventorying of fish and habitat in the middle and upper Snake River provinces, and our work is very complimentary to their efforts.  To date, we have shared our data with Wyoming Game and Fish Department, Nevada Division of Wildlife, Utah Division of Wildlife, Idaho Division of Environmental Quality, the Henry's Fork Foundation, Targhee/Caribou National Forest, Boise National Forest, Payette National Forest, City of Rocks National Monument, U.S. Bureau of Land Management, U.S. Bureau of Reclamation, Rocky Mountain Research Station, Southwest Basin Native Fish Watershed Advisory Group, and several private consultants, as well as numerous private landowners.  We have received data from nearly as many entities.

e. Project history (for ongoing projects) 

This project has been ongoing for just over three years.  To date, a total of 779 sites have been sampled for fish and habitat throughout the middle and upper Snake River provinces in southern Idaho.  In addition, 3,548 genetic samples have been collected from native salmonids at 153 sites (cutthroat trout in southeastern Idaho and redband trout in southwestern Idaho).  Sampling in the historical range of Yellowstone cutthroat trout will be completed by the end of 2002, at which time focus will shift back to redband trout and bull trout distribution and abundance in south-central and southwestern Idaho.

Because surveys have not been completed for any one species, analysis of the current status and factors influencing the distribution and abundance of native salmonids has to date been limited to descriptive statistics, correlation analysis, and simple regressions.  Nevertheless, our initial results have been informative.  Sites sampled in 1999 in southwestern Idaho that contained redband trout tended to have more jams and pieces of large woody debris, dammed pool habitat, a higher gradient, and were higher in elevation than sites without redband trout.  Sites that contained bull trout were higher in elevation and had higher percentages of cobble substrate and turbulent fastwater habitat than sites without bull trout (Meyer 2000).  In 2000, sampling was focused in eastern Idaho, where we found that, in the Teton River drainage, sites that contained Yellowstone cutthroat trout tended to be lower in elevation than sites without Yellowstone cutthroat trout, but no other variables that were tested appeared to affect Yellowstone cutthroat trout presence/absence (Table 1).  In contrast, a number of variables influenced Yellowstone cutthroat trout presence/absence in the Portneuf River drainage (Table 2) (Meyer and Lamansky 2001, In press).  
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Table 1.  Comparison of stream characteristics at sites with and without Yellowstone cutthroat trout in the Teton River drainage, Idaho.
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With cutthroat trout

Without cutthroat trout

Variable

Mean

95% CI

Mean

95% CI

P

-value

Max. depth (m)

0.31

0.04

0.25

0.05

0.10

Avg. depth (m)

0.10

0.02

0.09

0.02

0.22

Avg. maximum pool depth (m)

0.40

0.06

0.33

0.07

0.10

Avg. width (m)

3.2

0.6

2.4

0.6

0.07

% fines rating

1.9

0.4

2.1

0.5

0.54

% sand rating

1.2

0.3

1.5

0.3

0.13

% 

gravel rating

2.6

0.2

2.8

0.3

0.30

% cobble rating

2.3

0.4

1.9

0.4

0.26

% boulder rating

0.8

0.3

0.7

0.3

0.62

LWD cover rating

0.7

0.2

1.0

0.2

0.12

Rock cover rating

0.4

0.2

0.3

0.2

0.38

Undercut bank cover rating

0.6

0.2

0.5

0.2

0.53

Macrophyte cover rating

0.1

0.1

0.3

0.3

0.16

Overhanging vegetation cover rating

0.9

0.2

1.0

0.3

0.37

Stream shading rating

1.5

0.3

1.7

0.4

0.40

Ustable banks rating

0.7

0.3

0.6

0.4

0.75

stream order 1:24,000

2.5

0.2

2.2

0.4

0.14

Map gradient (%)

3.3

0.9

3.6

1.0

0.60

% turbulent fastwater

56.9

7.2

65.7

11.1

0.16

% nonturbulent fastwater

15.0

6.6

9.4

7.1

0.25

% scour pool

23.7

5.3

15.1

6.6

0.26

% dammed pool

4.4

2.7

5.4

4.1

0.67

Total pool percentage

28.2

5.2

24.5

7.7

0.40

Conductivity (µS/cm)

  

  

254

     42

   273

  

   54

0.58

Map elevation

  6432

   127

      6636

  

 168

0.05

Table 2.  Comparison of stream characteristics at sites with and without Yellowstone cutthroat trout in the Portneuf River drainage, Idaho.

Thus, it appears that factors that influence the distribution of native salmonids may change from subbasin to subbasin.  However, until surveys are completed for a particular species and analysis can be performed at reach, stream, and subbasin levels, it is difficult to speculate what kind of consistencies may materialize.  Factors that may influence distribution in one subbasin may be less important in other subbasins, and factors that appear unimportant in individual subbasins may demonstrate more importance when considering entire species as a whole.

Results to date suggest that native salmonids remain widely distributed in at least some drainages, while being nearly extirpated in others.  For example, bull trout were present in 14%, 4%, and 28% of the sites that contained fish in the Weiser, NF Payette, and SF Boise river drainages, respectively (Meyer 2000).  In contrast, in the Portneuf and Teton river drainages, Yellowstone cutthroat trout were present in 72% and 91% of the sites that contained fish, respectively (Meyer and Lamansky 2001, In press).  Additionally, we obtained historical data from IDFG files from the 1980s throughout southeastern Idaho, and attempted to precisely relocate and resample these sites in 1999 and 2000 to test whether populations of Yellowstone cutthroat trout were currently in decline (Meyer et al., In review a). Sites were relocated using maps, photographs, and/or finding original reach-boundary stakes, so that the exact same reach of stream was sampled during both time periods. Abundance of Yellowstone cutthroat trout >10 cm did not change between the 1980s and 1999-2000, averaging 40 and 41 fish/100 m of stream, respectively.  The abundance point estimate was lower at 31 locations, higher at 44 locations, and the same at three sites (Figure 1). The proportion of the total catch of trout that Yellowstone cutthroat trout comprised also did not change, averaging 80% in the 1980s and 79% in 1999-2000.  There was a slight increase in larger fish (30-40 cm) and a slight decrease in smaller fish (10-20 cm), due at least in part to restrictive size and bag limit regulations designed to reduce Yellowstone cutthroat trout harvest.  

Genetic results are currently available from 40 Yellowstone cutthroat trout populations in southeastern Idaho (Table 3).  To date, we have detected little hybridization with hatchery-stocked rainbow trout, except in the Blackfoot and Teton rivers, Pine Creek (tributary to the South Fork Snake River), and Sixmile Creek (tributary to Raft River).  Work has been done through contract with Dr. Madison Powell of the University of Idaho.  However, IDFG has proposed a new BPA project in conjunction with Dr. Powell, and genetic funds outlined in our project will be either diverted to or sacrificed in place of this joint venture if this project is funded.

In conjunction with other IDFG staff, we have been working on determining conservation populations of Yellowstone cutthroat trout, and in calculating effective population size (Ne) for these populations (e.g., Hedrick et al. 1995; Allendorf et al. 1997).  Calculation of Ne using numerical abundance data, which this project has been accumulating, requires knowledge about the number of breeders in a population and generation length (Waples 1990).  Despite a few reviews discussing general sizes and ages at maturity for Yellowstone cutthroat trout (Thurow et al. 1988, Gresswell et al. 1994), we were unable to find an actual maturity schedule.  We therefore collected 610 Yellowstone cutthroat trout from 11 populations across southeastern Idaho from streams and rivers with a variety of physical characteristics to determine age and length at sexual maturity and other reproductive demographics, and to develop a model to predict Yellowstone cutthroat trout length at maturity based on easily obtained physical stream attributes (Meyer et al. In review b).  Maturity transition point (i.e., the length at which fish become mature) for Yellowstone cutthroat trout ranged from 126-311 mm for females and 97‑354 mm for males.  Using multiple regressions, stream width and gradient explained 91% and 72% of the variation in maturity transition point for females and males, respectively. Our results enable prediction of length at maturity using readily derived physical data from streams and, as such, will be useful to managers not only for estimating size of maturity for cutthroat trout without having to sacrifice fish, but also in estimating effective population size for populations of Yellowstone cutthroat trout.

We have studied the demographic responses of brook trout during three years of intensive electrofishing removals in an attempt to restore bull trout abundance in a stream with depressed numbers.  The project was initiated in the Boise River basin by the Southwest Basin Native Fish Watershed Advisory Group.  Our involvement was to monitor the success of their project.  After three years, abundance of brook trout decreased slightly but not significantly, and all age classes remained relatively abundant.  
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P
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Max. depth (m)

0.11

0.02

0.09

0.03

0.23

Avg. depth (m)

2.89

0.44

1.90

0.93

0.03

Avg. maximum pool depth (m)

0.41

0.07

0.33

0.15

0.21

Avg. width (m)

0.32

0.04

0.28

0.10

0.37

% fines rating

1.6

0.4

2.9

0.8
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1.0

0.2

1.1

0.4

0.82
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1.1
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1.0

0.3

1.0

0.5
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stream order 1:24,000
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0.2
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0.03
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0.37
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7.1

45.7

16.9
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% scour pool

14.0
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8.3

5.1

0.07
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9.0

0.84

Total pool percentage

18.5

5.3

13.6
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0.33
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Figure 1. Study sites where Yellowstone cutthroat trout abundance increased (solid "+" sign) or decreased (shaded circles) between the 1980s and 1999-2000 across their historical range in Idaho 

Table 3.  Nuclear DNA and mitochondrial DNA rainbow trout introgression observed in 40 populations/sample locations of Yellowstone cutthroat trout. 

Yellowstone Cutthroat

Nuclear DNA
 Mitochondrial DNA

Population 
Year 
Individuals with RBT alleles/n
Individuals with RBT mtDNA/n

Almo Creek
1999
0/23 = 0.0%
0/23 = 0.0%

Big Cottonwood Creek
1999
1/9 = 11.1%
0/9 = 0.0%

Blackfoot River
1997
0/42 = 0.0%
0/48 = 0.0%

Blackfoot River
2000
6/24 = 25.0%
5/24 = 20.8%

Clear Creek
1999
0/48 = 0.0%
0/48 = 0.0%

Crow Creek
1999
0/44 = 0.0%
0/44 = 0.0%

Goose Creek
1999
0/37=0.0%
0/37 = 0.0%

Harkness Creek
1999
0/48 = 0.0%
0/48 = 0.0%

High Bridge
1999
0/46 = 0.0%
0/46 = 0.0%

Horse Creek
1999
0/48 = 0.0%
0/48 = 0.0%

Lava Creek
1999
0/22 = 0.0%
0/59 = 0.0%

McCoy Creek
1999
0/38 = 0.0%
0/40 = 0.0%

Palisades
1999
0/43 = 0.0%
1/43 = 2.3%

Pebble Creek (N. F.)
1999
1/47 = 2.1%
0/47 = 0.0%

Rainey Creek (N. F.)
1999
0/48 = 0.0%
0/48 = 0.0%

Robbers Roost
1999
0/40 = 0.0%
0/40 = 0.0%

Sellers Creek
1999
0/48 = 0.0%
0/48 = 0.0%

Teton River (inclusive)
1999
16/64 = 25.0%
11/62 = 17.7%

Teton River (-RBT)
1999
9/57 = 15.8%
4/62 = 6.5%

Tin Cup Creek (S. F.)
1999
0/48 = 0.0%
0/48 = 0.0%

Tin Cup Creek (upper)
1999
0/48 = 0.0%
0/48 = 0.0%

Pine Creek
1999
11/48=22.9%
6/46=13.0%

Burns Creek
1999
3/48=6.25%
1/47=2.1%

Tyghee Creek
1999
0/60=0.0%
0/60=0.0%

Howard Creek
1998
7/60=11.7%
0/60=0.0%

Duck Creek
1998
1/60=1.7%
0/60=0.0%

Targhee Creek
1998
13/60=21.7%
0/60=0.0%

Sixmile Creek
1999
20/20=100.0%
12/20=60.0%

Eightmile Creek
1999
0/20=0.0%
0/20=0.0%

Barnes Creek
1999
0/45=0.0%
0/48-0.0%

Big Elk Creek
1999
0/30=0.0%
0/30=0.0%

Big Springs Creek
1999
2/48=4.3%
0/48=0.0%

Fish Creek
1999
0/48=0.0%
0/48=0.0%

Grays Lake Outlet
1999
0/6=0.0%
0/6=0.0%

Homer Creek
1999
0/4=0/0%
0/4=0.0%

Jenkins Creek
1999
0/30=0.0%
0/30=0.0%

Mill Creek
1999
0/14=0.0%
0/14=0.0%

Pritchard Creek
1999
1/48=2.1%
0/48=0.0%

Squaw Creek
1999
1/27=3.7%
0/40=0.0%

Tex Creek
1999
0/10=0.0%
0/10=0.0%

Mean total annual mortality rate was 0.79, compared to 0.79 in 1999 and 0.90 in 1998 (Meyer and Lamansky 2001, In press).  That the total annual mortality actually decreased despite a drastic increase in fishing mortality (i.e., the removals), indicates that compensation occurred in natural mortality, completely masking the removal efforts.  Few other demographic parameters changed appreciably.  After a three year recovery period, brook trout will for the final time be captured in FY2003 and analyzed for demographic recovery after the removals have ceased.  Nevertheless, our results already suggest that, despite experiencing a slight decrease in abundance, brook trout in Pike's Fork appeared little affected by three years of intensive removal efforts.  Bull trout numbers have not recovered, and reintroduction at this time is not warranted, considering the present abundance of brook trout still in the system.  Other removal techniques (e.g., Young 2001) may be evaluated in subsequent years in an attempt to find a more viable method of removing non-native salmonids where the long-term persistence of native salmonids is being threatened by the presence of exotic species.


Total costs through the first four fiscal years will have been $905,323.  A list of project reports and technical papers written using these funds are as follows:

Meyer, K.A., D.J. Schill, F.S. Elle, and J.T. Lamansky.  In review.  Reproductive demographics and factors that influence length and age at sexual maturity of Yellowstone cutthroat trout in Idaho.  Submitted to Transactions of the American Fisheries Society.

Meyer, K.A., D.J. Schill, F.S. Elle, and W.C. Schrader.  In review.  A comparison of Yellowstone cutthroat trout abundance and size structure from the 1980s to 1999-2000 across their historical range in Idaho.  Accepted for publication in the North American Journal of Fisheries Management.

Meyer, K.A, and J. T. Lamansky.  2001 (In press).  Assessment of native salmonids above Hell's Canyon Dam, Idaho.  Idaho Department of Fish and Game Annual Report No. 01-45.  

Bakke, P.D., and K.A. Meyer.  2000.  Comment: snorkeling as an alternative to depletion electrofishing for estimating abundance and length-class frequencies of trout in small streams.  North American Journal of Fisheries Management 20:838-839.

Meyer, K.A.  2000.  Assessment of native salmonids above Hell's Canyon Dam, Idaho.  Idaho Department of Fish and Game Annual Report No. 00-60.

Meyer, K.A.  1999.  Assessment of native salmonids above Hell's Canyon Dam, Idaho.  Idaho Department of Fish and Game Annual Report No. 99-15.

f. Proposal objectives, tasks and methods
Overall Project Goal:  Protect and restore native salmonid populations to self-sustaining harvestable levels in the Upper Snake River Basin above Hell's Canyon Dam in Idaho.


Establishing a target for protection and restoration to self-sustaining harvestable levels is purposefully vague because levels will fluctuate by species and possibly between subbasins containing the same species.  A self-sustaining population is one that has minimal risk of inbreeding or loss of genetic diversity, and consequently, has minimal risk of extinction.  The conservation of populations large enough to minimize such risks has given rise to the concept of effective population size, and its application in the management of threatened species has become widespread (see McElhany et al. 2000 for a thorough review). However, because extinction risk depends on specific life-history traits (e.g., age-at-maturity, longevity, degree of iteroparity, etc.), and the local environment, which can influence such life-history traits (Quinn and Unwin 1993; Gresswell et al. 1997; Meyer et al. In review b), setting fish abundance criteria for restoration or protection will require application of species- or even population-specific information (McElhany et al. 2000; Rieman and Allendorf 2001).

Objective 1:  Coordinate with other ongoing projects and other entities on all existing data in the middle and upper Snake River provinces and on project-sponsored data collection.

Task 1a:  Coordinate with other entities including IDFG fish managers and researchers, StreamNet, BLM, USFS, USBOR, Shoshone-Bannock and Shoshone-Pauite Tribes, Idaho DEQ, and Watershed Advisory Groups to determine where data is lacking, to avoid duplicating effort, to assist in prioritizing field work, and to gain an historical perspective on the salmonid populations in the Upper Snake River Basin relative to today.  This task will continue throughout the life of this project.  

Task 1b:  Share data collected on Snake River Native Salmonid Assessment project with all interested parties in electronic or raw format, and with annual reports.  

Methods: This task is ongoing and is accomplished by filling the large number of data requests from other entities and by contacting local federal, state, tribal and other managers in specific areas when data compilation is completed in their area.  We also make yearly booklets with copies of all raw data and photos and distribute them to IDFG regional staff along with electronic and compiled data for their use or for use by other local entities.  

Task 1c:  Assist USBOR and USFS in conducting studies to identify life history characteristics of juvenile bull trout in the Boise River basin.  

Methods: Study includes pit tagging juvenile bull trout and tracking their downstream movement with electrofishing, a screw trap, and a fish weir, and will be performed by USBOR and USFS.  The Snake River Native Salmonid Assessment project has supplied the screw trap and assistance in site location and installation.  Data on bull trout outmigration timing, abundance, and movement will be collected by USBOR and USFS personnel, and results are shared with our project.

Objective 2:  Assess the current stock status, life history traits, and potential limiting factors and threats to persistence of native salmonid populations in the Snake River Basin upstream of Hell's Canyon Dam.

Task 2a:  In FY2003, survey presence/absence and abundance of native redband trout in 26 streams (78 sites) in the Big Wood River drainage, 31 streams (93 sites) in the Salmon Falls Creek drainage, 11 streams (33 sites) in the Rock Creek drainage, 4 streams (12 sites) in the Dry Creek drainage, and 24 streams (72 sites) in the Bruneau River drainage.

Methods:  It is infeasible and unreasonable to sample several sites within each stream in each watershed in each subbasin of the middle and upper Snake River provinces in a reasonable timeframe.  Instead, we identify perennial streams on 1:100,000 land status maps, then randomly select at least 50% to be sampled.  Two to five 100-m sampling sites are distributed randomly from the mouth to the headwaters, the exact number depending on the length of the stream.  Sampling in each subbasin has been distributed randomly across public and private land in order to include land ownership as a factor that may influence native salmonid distribution and abundance.  Using the above methodology, 36% and 64% of our sampling to date has occurred on private and public land, respectively.  Twenty-eight percent of our sites have been on 1st order streams, 33% on 2nd order streams, 21% on 3rd order streams, 4% on 4th order streams, 1% on 5th order streams, and 13% have been dry or have had too little water to sample fish or habitat.

Sampling occurs during low to moderate flow conditions (after spring runoff and before the onset of winter) to facilitate effective fish capture and standardization of sampling conditions.  To increase the number of sites that can be sampled in a given amount of time, we do not make multi-pass electrofishing removals at all sites.  Instead, using data from the multi-pass removal sites, we develop for each subbasin a relationship between the number of fish captured in the first pass and the maximum-likelihood abundance estimates calculated with the MicroFish software package (Van Deventer and Platts 1989). From this relationship, we then predict abundance at sites where only a single removal pass was made (Jones and Stockwell 1995; Kruse et al. 1998).  Standardized residuals are investigated to remove outliers from the regression models (Montgomery 1991) before estimates are made.  Upper and lower 95% confidence intervals are calculated for multi-pass (using MicroFish) and single-pass (following Zar 1996) estimates.  Blocknets installed at the upper and lower end of the sites are used to meet the modeling assumption that the populations are closed.  Because electrofishing is size selective (Reynolds 1996), fish are separated into age-0 [<100 mm total length (TL)] and age-1+ (>100 mm TL) categories, and abundance estimates are made separately for each size group.  Not all populations of native salmonids in the upper Snake River basin adhere to such a length-age cutoff, but for the sake of consistency we apply this rule-of-thumb to all populations.  Length is recorded for each salmonid captured and weight (g) recorded for approximately 30 fish per site.  At sites to large to perform depletions, mark-recapture estimates are made with the Mark-Recapture for Windows software package (Montana Fish, Wildlife and Parks 1997).

Capture efforts are focused on trout species, but at each site where they occur, non-game fish are captured, identified to species, categorized as absent, sparse (1-10), many (10-50), or abundant (>50), and a subsample of 20 are measured and weighed.  Herpetofauna encountered are also recorded.

The objectives in developing this sampling methodology were to allow us to; 

1) collect information sufficient to calculate abundance of native salmonids at each site and over an entire stream with a reasonable amount of confidence, 2) provide a high probability of detecting the presence of native salmonids when they are rare, and 3) determine stream characteristics at each site where fish sampling takes place.  We have assumed that sampling at least 50% of a particular subbasin will adequately characterize the distribution and abundance of native salmonids within a particular subbasin.  Following this methodology, inventorying should be nearly completed by the end of FY2004.
The establishment of about three sampling sites per stream is based on preliminary analysis of the number of sample sites needed to estimate the size of a trout population in a given stream.  In Pike's Fork, a small stream in the Boise River drainage, we conducted multi-pass electrofishing removals over the entire length of fish-bearing stream (~ 9.4 km) in 1998.  Mean density was 30 fish per 100 m of stream; the calculated variance was 99.6.  The abundance estimate was comparable to estimates from sites sampled throughout the NF Payette and Weiser basins in 1998 (mean 40, range 2-171, n = 51), and we have assumed that variance between sites within streams would have been similar as well.  Using these values, we estimated sample size necessary to achieve a desired precision in estimating the mean density of fish per 100 m of stream (Zar 1996), and thus of the entire length of stream.

The results of these calculations are reported in Table 4.  A sample size of three is required to achieve a confidence interval (CI) of ± 18.5 fish per 100 m of stream at Pike's Fork.  The upper 95% CI would exceed the mean by 61%.  In comparison, the upper 95% CI in 1998 NF Payette and Weiser basin streams with maximum-likelihood removal-depletion estimates were exceeded by an average of 30%, and by 318% at sites using one-pass vs. population estimate regressions to estimate abundance.  It should be noted that the calculations in Table 1 consider only the variation in the estimate in the mean density of the population, and assume there is no error in the estimate of the abundance at each sample site that goes into estimating the mean abundance of the entire stream.  Thus, the error bounds in Table 1 are conservative.  On the other hand, the lower CI can be considered much narrower than 61% under most circumstances because often, CIs below the mean are lower than the number of fish captured, thereby raising the lower CI to the actual number of fish captured and narrowing the precision of the estimate.  We have assumed that the variation observed in Pike's Fork abundance is representative of the variance in other streams in the Upper Snake River Basin.

Table 4.  Determination of the sample size needed to achieve a stated precision in estimating the mean density (30 fish/100 m of stream) of fish in Pike's Fork.  

N
Width of 95% CI around the mean

(# of fish)
Exceeds mean density estimate by (%)

20
4.7
16

10
7.0
23

5
11.5
38

4
13.9
46

3
18.5
61

2
30.4
101

1
127.1
424

Task 2b:  Identify, describe, and measure habitat characteristics at the sites surveyed in Task 2a, and analyze their influence on native salmonid distribution and abundance using logistic and multiple regression, and other statistical procedures.

Methods:  After completing the fish survey, we measure 12 physical stream characteristics and delineate and characterize habitat units within the site.  Habitat conditions and measurements are based on standards set by Platts et al. (1983), Hawkins et al. (1993), Hillman and Platts (1993), Rosgen (1994), and Overton et al. (1997).  Physical characteristics include Rosgen channel type (Rosgen 1994), stream order, conductivity (µS/cm), instantaneous water temperature (Celsius), dominant left- and right-bank riparian vegetation, percent gradient, sinuosity, valley bottom type, angling pressure, streamflow condition, and land use activity.  Habitat units are classified, and for each habitat type, we measure characteristics such as mean width, mean and maximum depth, the number of pieces or jams of large woody debris, and percentage ratings for substrate, trout cover, shading, and bank stability.  Other layers of data, including road density, grazing density, the distribution, types, and abundance of irrigation diversions, and other data, are gathered from state or regional databases.

Over the past 35+ years, fish biologists have developed a diverse array of models to predict distribution and abundance of fish populations (Fausch et al. 1988).  Analysis has evolved from focusing on specific small-scale attributes of streams (McFadden and Cooper 1962; Binns 1982) to large-scale geomorphic features and multitiered analysis that more accurately mimics the structure of a watershed (Watson and Hillman 1997; Dunham and Rieman 1999; Isaak 2001).  Statistical methods employed have included discriminant analysis (Bozek and Hubert 1992; Stoneman and Jones 2000), logistic and multiple regression (Rieman and McIntyre 1995; Watson and Hillman 1997; Kruse et al. 1997; Dunham and Rieman 1999), and path analysis (Isaak 2001).  Our modeling procedures will follow Watson and Hillman (1997) most closely.  However, we intend to maintain a reasonable degree of flexibility in analysis procedures so that new information and ideas can be incorporated as data collection progresses.  Based on the above studies and our own observations, factors we expect to be most important in influencing native salmonid distribution and abundance include elevation, water temperature, road density, grazing density, presence of non-native salmonids, stream slope and size, stream connectivity and habitat size, and the number and types of diversions occurring in the watershed.  

Task 2c:  Coordinate the collection of water temperature data to avoid duplication on our project (80 sites with temperature loggers per year) and with efforts by other agencies and entities in the drainages mentioned in Task 2a.

Task 2d:  Based on results of tasks 2a - 2c, identify populations at risk and begin investigation of limiting factors for redband trout.  

Methods:  Determining current status has involved more than just factoring the percentage of sites within each subbasin where we capture native salmonids.  Numerous federal and state agencies continue to inventory native salmonids throughout the state, including the areas we will be sampling in FY2003.  As much as possible, we have been and will continue to exchange data to more completely assess current status.  GIS analysis has been and will continue to be used in this process (Task 3b).  Presence/absence, density, biomass, and stock structure of native and non-native salmonids, as well as genetic purity of native salmonids (Task 4b) and species richness, are all factors considered important for assessment of the current status within each subbasin.  Our data allows us to evaluate all of these factors, and though data collected by other entities may not allow such evaluations, the data can still be of use at least for presence/absence information.  Once current status is determined, and the factors affecting that status have been assessed, we will be able to develop recovery strategies where necessary.

Determining the limiting factors for native salmonids across the middle and upper Snake River provinces becomes the focus of the project during Phase II.  Nevertheless, as we do every year, in FY2003 we will attempt to relate the distribution and abundance of redband trout to stream and watershed conditions using the models developed in Task 2b as the initial stage of limiting factor analysis.

Objective 3:  Compile stock status and habitat survey information into the Snake River Native Salmonid Assessment Database.  

Task 3a:  Enter data collected from tasks 2a and 2b, as well as other existing data from other agencies, etc., into database.  Database includes all fish captured, including native and introduced salmonids, non-game fish, and herpetofauna.
Task 3b:  Use GIS analysis of current native salmonid distribution and abundance to determine current status and trends.  In conjunction with this analysis and task 2b, identify populations at risk and in need of recovery strategies.

Methods:  see methods under Task 2d.

Objective 4:  Determine the degree of genetic purity, diversity, and variability among and within populations of native salmonids in the middle and upper Snake River provinces.
Task 4a:  Collect and preserve samples (fin sections) from suspected native trout populations sampled in Task 2a for mitochondrial DNA (mtDNA) and nuclear DNA (nDNA) testing.
Task 4b:  Send samples to lab for analysis.  Use results to assess the purity of populations and the degree of genetic diversity and variability among and within populations of native salmonids.  Such knowledge will assist in in prioritizing populations for conservation and management purposes, identifying suitable populations for reintroductions, and developing recovery and protection plans.

Methods:  To date, this work has been done by contract with Dr. Madison Powell of the University of Idaho.  He has used mtDNA and nDNA intron Restriction Fragment Length Polymorphism (RFLP) analysis to quantify levels of rainbow trout hybridization and introgression in Yellowstone cutthroat trout.  Similar methods will be used to assess population structure and purity of native redband trout populations (below Shoshone Falls).  We have assumed that collecting genetic samples from at least 50% of a particular subbasin will accurately characterize genetic purity, diversity, and variability within the subbasin.

Genetic results from our project to date are not progressing at a rate that will allow us to adequately assess genetic purity, diversity, and variability within and among populations of native salmonids in the middle and upper Snake River provinces.  A new project has been jointly proposed by IDFG and the University of Idaho to focus solely on native salmonid genetic conservation and management, to complement the demographic and ecological approaches which we have focused on in our project.  If this new genetics proposal is successfully funded, we have agreed to defer our current funding for genetic analysis to this project, and provide all existing sample collections, and resources for all additional sample collections.  
Objective 5:  Assess the effectiveness of three years of intensive electrofishing removals to eliminate brook trout from a small stream containing bull trout.  If effective, assess whether bull trout numbers can recover to a stable level of at least 15 fish/km (Rieman and McIntyre 1995: TAFS 124:285-296).  If ineffective, assess whether the remaining brook trout underwent a compensatory response during the removals.  

Task 5a:  Use removal-depletion electrofishing in Pike's Fork of the Crooked River to estimate abundance and to collect brook trout from the 9.4 km section of stream above a man-made barrier.

Task 5b:  Calculate population densities for age-0 and age-1+ brook trout and bull trout, and removal efficiencies for brook trout.  Compare brook trout population densities from previous years to assess overall removal effectiveness.

Task 5c:  Use otoliths from retained brook trout to determine age structure.

Task 5d:  Calculate mean total annual mortality rate, growth, age at sexual maturity, fecundity, and sex ratio.  Compare estimates to previous years to assess whether brook trout compensation occurred.

Methods: The three years of removal efforts by the Southwest Basin Native Fish Watershed Advisory Group have been completed.  After the third year, it was clear that the removals were not successful in removing the brook trout entirely, and only slightly suppressed the population.  We are allowing the remaining brook trout three years recovery time, then we will make final estimates of abundance and determine reproductive demographics to assess what affect the removals had on the brook trout population.  

Retained brook trout will be transported to the laboratory, where length and weight, age, mortality, growth, age at sexual maturity, fecundity, longevity, and sex ratio will be determined.  We will collect paired scale and otolith samples to determine age from a subsample of retained fish.  Otolith readings in past years have given older and presumably more accurate age readings than scales (Meyer 1999); thus, scales will only be read when the age from otoliths cannot be ascertained.  A final determination of age for each fish will be made by comparing results between two or three readers and resolving any differences with additional joint readings. 

Once age is determined from these subsampled fish, the age of the remaining retained brook trout will be assigned using an age-length key (DeVries and Frie 1996).  All demographic parameters except mortality will be estimated only from the fish that were directly aged.  Mean instantaneous mortality rate (Zw) will be estimated, with the assumption that the population was stable and using yearly catch curves, and from this mean weighted total annual mortality rate will be estimated (Ricker 1975).  Results from 1998 demonstrated that only age-2 and older brook trout were fully recruited to the sampling gear, and thus are the only fish that will be used for mortality estimates.  Growth will be assessed by comparing average length of brook trout between sexes and age groups.  Fish will be rated as immature or mature by laboratory examination of ovaries and testes.  Maturity percentages will be calculated for each age class.  Comparisons between sexes and age classes will be made for each parameter when possible.  Ninety-five percent confidence intervals around the estimates will be calculated from McFadden (1961).  Fish length - fecundity regressions will be compared between years by comparing regression coefficients and their confidence intervals.  All demographic estimates and their confidence intervals will be compared with results from the removal years (1998, 1999, and 2000) to assess whether brook trout demographics have recovered to pre-removal levels and to assess whether any compensatory responses have occurred after three years of recovery time.  Results from this objective will be finished by January 2004, and will be submitted to a peer-reviewed journal at that time.
g. Facilities and equipment
Project personnel are working out of the IDFG resident fish hatchery in Nampa, Idaho, with the rest of the Southern Idaho Resident Fish Research Program.  We share office and storage space with the rest of the researchers.  We currently lease one ½ ton 4x4 truck from the IDFG fleet system, and the project has purchased one truck and one suburban-type vehicle, all for field work.  We have two desktop computers and one laptop computer, and one laser and one inkjet printer.  We have five electrofishers, four GPS units, a screw trap with a flatbed trailer, a camper trailer, and other necessary camping and field gear for fish and habitat inventorying.  We also have access to bunk facilities at IDFG hatcheries and cabins throughout the Upper Snake River basin.  There is a considerable amount of other equipment within IDFG which is available for use if needed.  The Department also provides volunteer workers, administrative and computer help, storage space, and expertise on many subjects as needed.
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Senior Fisheries Research Biologist, Idaho Department of Fish and Game

Principal investigator for Snake River Native Salmonid Assessment Project since project initiation in August 1998.  He has been involved in numerous native salmonid monitoring and conservation activities over the last 5 years, including:  performing redd counts and monitoring population status of bull trout in Klamath (OR) and Boise (ID) river basins; participating in and evaluating brook trout removals in Wyoming, Oregon, and Idaho; monitoring population status and studying winter ecology of redband trout in the Northern Great Basin and Klamath River basin in Oregon; determining presence/absence of and habitat use by Colorado River cutthroat trout in Wyoming.

Education:
B.S. in Fisheries and Wildlife, Michigan State University (1992)

M.S. in Biology, Idaho State University (1995) 

Work experience:

8/98 - present

Senior Fisheries Research Biologist, Idaho Department of Fish and

Game, Nampa, ID

11/95 - 8/98

Fisheries Biologist, Winema National Forest, Klamath Falls, OR

2/98 - 7/98

Instream Flow Specialist, USFS Region 6 Hydropower Relicensing 

Assistance Team, Portland, OR
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Meyer, K.A., D.J. Schill, F.S. Elle, and W.C. Schrader.  In review.  A comparison of Yellowstone cutthroat trout abundance and size structure from the 1980s to 1999-2000 across their historical range in Idaho.  Accepted for publication in the North American Journal of Fisheries Management.
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Young, M.K., K.A. Meyer, D.J. Isaak, R.A. Wilkison.  1998.  Habitat selection and movement by individual cutthroat trout in the absence of competitors.  Journal of Freshwater Ecology 13:371-381.

Meyer, K.A., J.S. Griffith.  1997.  Effects of cobble-boulder substrate configuration on winter residency of juvenile rainbow trout.  North American Journal of Fisheries Management 17:77-84.

Meyer, K.A., J.S. Griffith.  1997.  First-winter survival of rainbow trout and brook trout in the Henrys Fork of the Snake River, Idaho.  Canadian Journal of Zoology 75:59-63.

Daniel J. Schill

Principal Research Biologist, Idaho Department of Fish and Game

Responsible for development and supervision of all Dingell-Johnson funded fishery research in Idaho along with the Native Salmonid Assessment (this project).   Over the past 18 years he has been involved in numerous native salmonid research and management investigations including bull trout population dynamics, Yellowstone cutthroat life history and regulation development, hooking mortality studies, salmonid electrofishing injury work, estimates of cutthroat trout poaching rates, desert redband trout, anadromous production estimates, etc., and has experience conducting population studies of salmonids over much of Idaho.   

Education:
B.S. in Biology, Clarion University (19



M.S. in Aquatic Zoology, Idaho State University (1983)



Doctoral candidate, University of Idaho, presently

Work Experience:
1983-present
Principal Research Biologist, Idaho Department of Fish and Game

Senior Fishery Research Biologist, Idaho Department of Fish and Game

Regional Fisheries Biologist,  Idaho Department of Fish and Game

Selected Publications:

Schill, D.J., and F.S. Elle 2000.  Healing of electroshock-induced hemorrhages in hatchery rainbow trout.    North American Journal of Fisheries Management 20:729-735.    

Dillon, J.C.,  D.J. Schill, and D.M. Teuscher.  2000.   Use of sterile rainbow trout in recreational stream fisheries.  North American Journal of Fisheries Management 29:1-9.
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Schill, D.J., and P.A. Kline.  1995.  Use of random response to estimate angler compliance with fishing regulations.  North American Journal of Fisheries Management 15: 721-731.

NEPA analysis.  On this project, we currently work on one federally listed species:  bull trout.  All NEPA requirements for our project are taken care of in the Headquarters Office of Idaho Department of Fish and Game in Boise by Fred Partridge (208-334-3791).
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