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April t0,20L2

Mr. Tony Grover
Fish and Wildlife Division Director
Northwest Power and Conservation Council
851 SW 6th Avenue, Suite 1100
Portland, Oregon 97204

RE: lnitial Response to ISRP Comments Regarding the Shoshone-Bannock Tribes, Master plan
for the CrystalSprings Hatchery Facility and Satellite Facilities, BpA project No. 200g-906-00

Dear Mr. Grover:

The shoshone-Bannock Tribes (sBT) received and reviewed the lndependent scientific ReviewPanel's (lsRP)comments on the proposed crystalsprings Fish Hatchery (FH) Master plan
(Master Plan)as part of step one of the Northwest Power and conservation council,s (Npcc)
three-step review process. The lsRP review of the Master plan was thorough, succinct, and willultimately help the Tribes refine the program and its goals and objectives as we move towardssteps Two and Three of the Review Process. ln the document that follows, we first provide asummary of our responses to the five key topics of concern identified by the lsRp for the crystalsprings FH Program. This is followed by detailed responses to the lsRp comments,
recommendations, and information requests.

(1) Program purpose - Harvest

First and foremost, we want to alleviate any misconception as to the purpose of the programs
in both Yankee Fork salmon River (Yankee Fork) and Panther creek. This confusion was likelythe result of the order that program goals and objectives were presented in the executive
summary and program descriptions. To clarify, the purpose of the programs is to produce:

Locally adapted hatchery population(s) that can produce the fish (broodstock)
needed to meet sBT harvest, cultural and future conservation objectives for
spring/summer chinook salmon in a manner compatible with recåvery and
long-term sustainability of chinook salmon in the upper Salmon River Basin.
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Managing the two subbasins for harvest is consistent with lnterior Columbia Basin Technical
Recovery Team (ICTRT) recovery recommendations for the Evolutionarily Significant Unit (ESU)
and ESA recovery planning. The ICTRT concluded that neither Yankee Fork nor panther Creek
populations were deemed necessary for recovery, but should be managed to a "maintained,,
status.

Underthe proposed programs, terminalfisheries will be established in both panther Creek and
Yankee Fork, allowing SBT fishing effort to be focused here and minimized in other areas of the
Upper Salmon River Basin. This strategy will reduce harvest impacts on other independent
populations of spring/summer Chinook that are essential for recovery of the Snake River
spring/summer Chinook ESU.

Because it is culturally important to the SBT to have fish - regardless of origin - spawning
naturally throughout their historical range, this program establishes adult escapement goals for
each basin' These escapement goals vary by program phase. Offspring of these spawners will
produce adults in future years, increasing total adult returns to the basin. The programs
therefore use a combination of hatchery and natural production to achieve adult production
goals.

(21 Conservation Objective

Conservation may become an objective in both streams if and when habitat conditions improve
sufficiently to produce sustainable natural production. Habitat improvements being
implemented by the SBT and others in the Yankee Fork and Panther Creek subbasins are likely
to take many years before substantial improvements in fish productivity and abundance are
observed. Natural-origin fish run-size to each system will act as management triggers to
determine when the populations may be sustainable.

However, whether or not the programs provide conservation benefits in regards to the
recovery of the Snake River spring/summer Chinook ESU is a policy decision for the National
Marine Fisheries Service (NMFS) (see below). The SBT are confident that the proposed program
and habitat improvement activities identified for each subbasin will result in sustainable natural
production in the long term.

(3) Broodstock Choice

After receiving ISRP comments on this topic, the SBT reinitiated discussions with NMFS staff as
to the appropriate broodstock to use for both Panther Creek and Yankee Fork. Based on these
discussions, Pahsimeroi and Sawtooth hatchery stocks were selected for panther Creek and
Yankee Fork, respectively (Appendix A).

Because of whirling disease concerns associated with the Pahsimeroi FH stock, it was deemed
inadvisable to plant adult hatchery fish directly into Panther Creek (the approach preferred by
the SBT). lnstead, certified disease free eggs from Pahsimeroi FH will be transferred to the
stream and placed in egg-boxes (or incubators) located throughout the watershed. Eggs will
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also be transferred to the Crystal Springs FH (once built) to start the -400,000 juvenile fish
rearing program. Egg plantings will occur both before and after the construction of Crystal
Springs FH' The success of egg and juvenile releases to Panther Creek will be determined
through genetic analysis following guidance of a detailed Research, Monitoring, and Evaluation
Plan to be developed by the SBT.

The Yankee Fork program will use fish from Sawtooth FH and returning adults to yankee Fork as
broodstock' The NMFS has declared our approach reasonable given current habitat conditions
and the fact that this population is not needed for recovery of the ESU (Attachment A). NMFS
will be reviewing the Biological Assessment required for the program and at that time will
confirm broodstock choice and identify what conservation role the program may be able to play
in the future.

(4) Monitoring and Evaluation of panther creek and yankee Fork

As suggested by the ISRP, additional monitoring and evaluation (M&E) activities are being
added to the Master Plan to ensure that effects of the programs on other independent
populations of Chinook salmon are minimized. M&E activities will include:

o Evaluation of competition and predation effects on naturally produced Chinook salmon
and steelhead from hatchery releases

o Tracking adult and jack stray rates into other independent populations of Chinook
salmon

o Evaluation of reproductive success of hatchery-origin (HOR) and natural-origin (NOR)
fish spawning naturally

o Conducting a size at release study to quantify juvenile survival rate to Lower Granite
Dam, percent transported, smolt-to-adult returns (SAR), adult age structure, production
of jacks and mini-jacks, etc.

Additionally, M&E activities in Yankee Fork and Panther Creek will be designed to determine
the effectiveness of both the egg-boxes and juvenile releases to reintroduce Chinook salmon to
the watershed. Data will be collected on juvenile production, habitat utilization, distribution
and reproductive success of returning adults.

(51 Yellowstone Cutthroat Trout (yCT)

Since receipt of ISRP comments on the proposed YCT hatchery production, the SBT has
performed both an internal and external review (with IDFG staff)of the proposed hatchery
program. Based on this review, it was apparent that the use of artificial production to provide
conservation benefits to the species was not appropriate at this time and therefore has been
eliminated from the Master Plan. Artificial production of YCTwillstill be used to meetthe need
for additional catch and harvest opportunities for both tribal and sport fishers. The program
will rear and release up to 5,000 catchable sized (5 to 6 inches) yCT into a spring-fed, isolated
L6-acre oxbow located on the SBT reservatión.
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Surveys indicate that the oxbow is moderately eutrophic and will provide excellent rear¡ng
cond¡tions for planted fish. These fish are expected to exhibit rapid growth rates and should
produce a trophy fishery within L-2 years after first stocking. The lake fishery will complement
the existing stream trophy fishery in place in the Fort Halls Bottom. The lake will be monitored
for water quality, fish abundance and condition factor each year to refine stocking densities
over time.

Theprogramwill haveacatchgoal of0.5fishperhouroffishingeffort. Tribal andsportfisher
access to the lake is excellent and fishing success will be simple to monitor. The fishery will
provide anglers the opportunity to catch YCT with no risks to native trout populations.

Conclusion

The SBT believe that these program changes address ISRP concerns regarding the scientific
merit of the proposed program. The review process has strengthened our program and will
lead to the attainment of the goals and objectives defined therein.

Because of the many changes made to the program, we would like to request a meeting with
the ISRP to formally present the updated programs and answer any questions the panel may
have. We believe such an approach will help speed up the review process and allow us to
complete Step L activities.

Sincerely,

Nathan Small, Chairman
Fort Hall Business Council, Shoshone-Bannock Tribes

cc: Erik Merrill, NPCC

Mark Fritsch, NPCC

Chad Colter, Fish and Wildlife Director
Daniel Stone, Policy Analyst
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Crystal Springs Fish Hatchery Program 
Shoshone­Bannock Tribes’ Responses to ISRP Comments 

April 2012 

 

Presented below are the responses of the Shoshone‐Bannock Tribes (SBT) to the ISRP’s July 29, 
2011 comments on the Crystal Springs Fish Hatchery and Programs for Snake River Chinook 
Salmon and Yellowstone Cutthroat Trout Master Plan.  Each of the ISRP’s comments is 
presented in bold italic font followed by the SBT’s response.  We are providing additional 
supporting information in four appendices: 

• Appendix A  March 9, 2012 letter from the NMFS regarding Chinook program 
broodstock  

• Appendix B  February 29, 2012 letter supporting the Crystal Springs program from the 
Lower Snake River Compensation Plan 

• Appendix C  SBT white paper on Panther Creek Chinook broodstock selection 
• Appendix D  SBT draft Yankee Fork tributary assessment 

ISRP Comment‐ Page 2: The proposed hatchery project should be developed in conjunction 
with the Supplementation, Monitoring, and Evaluation Program (SMEP, Project #2008‐905‐
00). The effort should describe its relationship with Idaho Supplementation Studies (ISS), 
including supplementation of the ESU in the Imnaha, Johnson Creek, and Grande Ronde. 
Evaluation of the suitability of the Crystal Springs site should be based in part on evaluations 
of other supplementation projects, including the Northeast Oregon Hatchery Master Plan 
(Project 198805301). Kevin Myer’s (IDFG) research on Yellowstone cutthroat trout should be 
used to inform, evaluate and justify the use of hatcheries to produce cutthroat trout. 

PROJECT SPONSOR RESPONSE 

The Supplementation, Monitoring, and Evaluation Program (SMEP) was developed to increase 
abundance of ESA listed Chinook salmon and steelhead and ultimately provide harvest 
opportunities for members of the SBT; goals that are consistent with the Crystal Springs FH 
program.  However, the ISRP has solely classified the SMEP and potentially the Crystal Spring FH 
program as conservation‐based, overlooking the primary harvest objective.  As proposed in the 
Master Plan, the SBT harvest objective will be met through a phased approach which can easily 
be mistaken to be conservation based, given the way we presented our objectives in the 
Master Plan.  As such, our responses to the ISRP fully articulate the primary purpose, which is to 
provide terminal harvest. 

The Crystal Springs FH program and Master Plan currently includes one project (i.e., Yankee 
Fork Chinook) that is linked to the ongoing SMEP.  The SBT plans to incorporate the Panther 
Creek Chinook program (specifically Phase 1) into the SMEP and will clarify this linkage in the 
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SMEP Narrative Proposal and in Step 2.  Several additional linkages (e.g., monitoring and 
evaluation) between the two programs will be clearly articulated in the SMEP Narrative 
Proposal and included in Step 2 documentation. 

Based both on the ISRP review of the Yellowstone Cutthroat Trout (YCT) program and 
discussions with IDFG, the primary purpose of the YCT program will be harvest rather than 
conservation.  The program will rear and release 5,000 catchable‐size fish to a eutrophic lake 
located on the reservation where they will provide substantial tribal and sport fisheries with no 
impact on natural YCT populations.  Juvenile plants meant to “supplement” or reintroduce YCT 
to other streams have been eliminated from the Master Plan. 

ISRP Comment‐ Page2: An alternative that the Shoshone‐Bannock Tribes may want to 
consider is developing artificial production at these locations with the primary objective of 
creating terminal harvest opportunities to meet tribal harvest goals. These programs would 
need to be conducted with protocols that would ensure they do not interfere with restoration 
of adjacent independent populations to viable status…. 

PROJECT SPONSOR RESPONSE 

The Tribe agrees with this comment and has clarified program purpose as described below. 

Chinook Program Purpose 
After reviewing the Master Plan, we believe the information presented in the Executive 
Summary, HGMP, as well as the order of the objectives presented in the body, give a misleading 
impression that the primary purpose of the Chinook salmon programs, through Phase 2, was 
one of conservation.  This impression is inaccurate.  The primary purpose of both the Panther 
Creek and Yankee Fork programs is to provide fish for harvest by tribal members in terminal 
fisheries.  A conservation purpose for the programs will not be considered unless natural‐origin 
Chinook salmon abundance exceeds trigger points identified in the Master Plan.  For the 
Panther Creek and Yankee Fork programs, trigger points are based on a 5‐year average adult 
escapement of 750 NOR Chinook salmon. 

The Chinook program has four objectives: 

1.  Harvest Objectives: The program will provide, on average, a minimum of 
approximately 1,000 adult spring/summer Chinook salmon in the Yankee Fork and 800 
adult spring Chinook salmon in Panther Creek for terminal harvest by the Tribes.  
Additional harvest will likely occur outside the respective subbasins, while fish are 
migrating.  However, results of AHA modeling indicate that in many years, harvest 
levels would be substantially less than the target values primarily due to cyclical ocean 
and migration corridor environmental conditions. 

2.  Cultural Objectives: Tribal members will have an opportunity to harvest Chinook 
salmon using traditional hunting (spearing) and contemporary methods (i.e., weirs, 
hook‐and‐line, or nets).  Allowing fish to spawn naturally will achieve a second cultural 
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objective of having fish present throughout their historical range, and will also allow 
the SMEP to determine if natural production is sustainable. 

3.  Broodstock Objectives:  The program will produce the fish required to operate the 
hatchery program needed to achieve its defined purpose (i.e. harvest) on a long‐term 
sustainable basis. 

4.  Conservation Objectives:  The use of appropriate broodstock will reduce risks (e.g., 
from straying) to other populations associated with the ESU and increase NOR 
Chinook salmon abundance in two additional streams.  Carcasses from natural 
spawning adult will also provide nutrients for other native species, thereby improving 
the health and abundance of these species over time. 

Whether the program will contribute to the recovery of the spring/summer Chinook salmon 
ESU is a policy decision to be made by NMFS.  NMFS will be addressing this question based on 
the Biological Assessment and Hatchery and Genetic Management Plans (HGMPs) to be 
submitted for the program.  However, as the NMFS noted in their letter to us, a recovery plan 
has not been finalized for Chinook salmon in the Snake River so a definitive answer to this 
question is not possible at this time (see Appendix A). 

Again, the primary purpose of the Chinook program in Phases I and 2 is to establish a locally 
adapted hatchery population(s) that can produce the fish (broodstock) needed to meet SBT 
harvest, cultural and future conservation objectives for spring/summer Chinook salmon in a 
manner compatible with recovery and long‐term sustainability of Chinook salmon in the upper 
Salmon River basin (see Sections 4.1.1.2, 4.1.2.2 of Master Plan for approach). 

Managing the two subbasins for harvest is consistent with Interior Columbia Basin Technical 
Recovery Team (ICTRT) recommendations for the ESU.  The ICTRT concluded that neither 
Yankee Fork nor Panther Creek populations were deemed necessary for recovery.  As noted in 
the Master Plan (page i): 

“… with other populations being the focus of species recovery, Yankee Fork and 
Panther Creek become excellent locations to establish populations that can support 
treaty‐reserved tribal harvest, through a properly implemented artificial 
propagation program.” 

Although conservation will not be the focus of the program, it is still culturally important to the 
Tribes to have fish spawning naturally throughout their historical range, regardless of 
sustainability.  Thus, the program will still have natural escapement targets for both Yankee 
Fork and Panther Creek.  Naturally spawning fish will provide nutrients to the system that will 
benefit other aquatic and terrestrial species, produce juveniles that will increase the number of 
Chinook salmon adults returning to the two subbasins and provide locally adapted fish for 

Crystal Springs Hatchery Program  Page 3 
Response to June 29, 2011 ISRP Comments 



Shoshone‐Bannock Tribes 

Crystal Springs Hatchery Program  Page 4 
Response to June 29, 2011 ISRP Comments 

hatchery broodstock.  In short, the program will rely on a mix of natural and hatchery 
production to achieve harvest objectives1. 

Monitoring and Evaluation (M&E) 
The Tribe agrees with the ISRP that program monitoring needs to be more focused on impacts 
to other independent populations of ESA listed spring/summer Chinook and steelhead.  
Therefore, M&E activities will focus on determining (to the extent possible) competition and 
predation effects to natural populations, adult stray rates to other subbasins and reproductive 
success of hatchery‐ and natural‐origin adults.  The Chinook programs in Panther Creek and 
Yankee Fork will not be part of an evaluation to determine the success of regional 
supplementation activities.  Detailed study protocols will be submitted to the ISRP as required 
in Step 2 of the NPCC review process and in response to the ISRP’s review of the SMEP. 

Competition and Predation 
Studies will be undertaken to determine the competition and predation effects hatchery fish 
releases will have on natural populations of Chinook salmon and steelhead.  These studies will 
be used to confirm or refute the results of PCD‐Risk modeling that indicates program hatchery 
releases are likely to have limited impacts to wild salmon fry, parr and smolts (see below). 

Study methodologies will be developed in Step 2 of the NPCC review process and will likely 
follow those described in Dunnigan 19992 and Naman 20083.  Hatchery fish released from the 
program will be sampled downstream of the release site using collection methods such as 
rotary screw traps, seines, and/or electrofishing.  Fish may need to be sampled to determine 
predation impacts on natural‐origin fry, parr, pre‐smolts, and smolts.  The SBT will also track the 
time hatchery fish spend in the stream using PIT‐tag and radio‐tag detections as fish migrate 
out of the system and cross instream PIT‐tag arrays.  The SMEP is installing a dual PIT‐tag array 
in lower Yankee Fork and plans to install a dual PIT‐tag array in Panther Creek.  Residence time 
will be used to estimate the total number of fish consumed as an indicator of possible 
competition effects to wild fish.  Detailed study protocols will be developed in the Step 2 
submittal and also through the Research, Monitoring, and Evaluation Plan being developed by 
the SMEP. 

Hatchery Adult Straying 
Adult escapement and disposition will be monitored and evaluated to determine whether the 
goals and objectives are being realized.  A subsample of hatchery fish released (or collected in 
trapping operations) in Panther Creek and Yankee Fork will be PIT‐tagged each year to monitor 
and evaluate juvenile survival to and through the FCRPS, proportion transported and ultimately 
adult homing fidelity. Estimates of adult escapement will be developed to Bonneville and Lower 

                                                       
1 It should be noted that in 2009, the SBT estimated that ~534,000 parr and pre‐smolts migrated from Yankee Fork 
(July ‐ November 13).  These fish were produced from a spawning escapement of 1,935 adult spring Chinook. (2010 
Yankee Fork Salmon River Chinook Salmon Run Report) 
(http://www.fws.gov/lsnakecomplan/Reports/SBT/2010%20YFCSS%20Run%20Report%20Final.pdf)  
2Dunnigan J.L. 1999. Feasibility and Risks of Coho Reintroduction in Mid‐Columbia Monitoring and Evaluation. 
3Naman S. Predation by Hatchery Steelhead on Natural Salmon Fry in the Upper Trinity River, CA. 
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Granite dams and to the antenna arrays in the subbasins.  The SBT will use PIT‐tag adult 
tributary escapement estimates (a combination of fish counts at the weir and mark‐recapture), 
harvest estimates, spawning ground survey data and weir counts to reconstruct the run and 
determine overall stray rates.  If hatchery contribution rates on the spawning grounds exceed 
five percent (of natural spawners) in any population, the program will review monitoring and 
evaluation data to determine the likely causes and implement best management practices to 
reduce stray rates to the target level.  Actions to reduce straying ‐ or HOR spawning in non‐
target streams ‐ could include the use of weirs, increased juvenile acclimation time and location 
(upstream/downstream) or reduced hatchery production.  

Parental Based Tagging (PBT) 
The SBT plans to use PBT to determine the reproductive success of hatchery‐ and natural‐origin 
fish spawning naturally in Yankee Fork and Panther Creek; investigations are already underway 
in Yankee Fork through the SMEP.  The SBT has an agreement with IDFG to incorporate all of 
Crystal Springs FH broodstock into the PBT program (Program No. 20100.3100) and all current 
releases in Yankee Fork have been incorporated into the PBT program.  Genetics work currently 
ongoing in Yankee Fork will be continued and expanded to Panther Creek.  These data will be 
used over time to compare resulting juvenile and adult production from the use of egg‐boxes, 
adult outplants, and smolt releases in both component projects (where applicable). 

ISRP Comment, Page 3 (continued):  As the Tribes continue habitat rehabilitation efforts in 
Yankee Fork and Panther Creek, along with appropriate monitoring, they could consider 
active re‐introductions when habitat and fish survival conditions improve sufficiently to allow 
a self‐sustaining natural population. 

PROJECT SPONSOR RESPONSE 

The SBT agree with this comment as it is the approach outlined in the Master Plan. 

Approach 
The SBT will rely on both natural and hatchery production to achieve the harvest objectives in 
each component program.  Therefore, adult hatchery‐ and natural‐origin fish will be allowed to 
spawn naturally according to an abundance‐based sliding‐scale framework.  This action 
achieves the Tribal cultural objective of having fish spawning naturally throughout their 
historical range, maximizes use of the habitat, and allows monitoring and evaluation to 
determine productivity of fish and habitat.  Additionally, allowing natural production and 
incorporating these fish into the hatchery will assist in developing a locally adapted broodstock 
and should minimize hatchery domestication. 

The Master Plan calls for continuing reintroduction efforts to make use of existing habitat 
(Phase 1) to start the process of developing a locally adapted broodstock (Phase 2).  
Escapement is prioritized first for hatchery production, and second for natural escapement and 
harvest (see Master Plan pages 41 and 44).  The SBT recognize that harvest levels could be 
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increased by not allowing HOR adults to spawn naturally, but this would be inconsistent with 
Tribal cultural needs for two reasons: 

• It is important to the SBT to have Chinook salmon, regardless of origin (hatchery or 
natural), present throughout their historical range.  Obviously our preference is to have 
natural‐origin fish, but hatchery‐origin fish will be allowed to spawn naturally.  These 
fish will be used for religious ceremonies and to provide subsistence fisheries.  

• In contrast to other tribes, SBT members are hunters of fish.  Our traditional way of 
harvesting Chinook salmon is through hunting with spears.  While other tribes may 
concentrate their fishing efforts at selected sites, SBT members spread out over a river 
system in a manner similar to hunters of deer or elk.  Still, many adult fish returning to 
the systems will spawn naturally.  This natural production will produce juveniles that 
ultimately increase adult returns.  M&E activities will be used to track naturally 
produced juvenile and adult abundance, productivity, life history diversity, smolt and 
adult survival through the FCRPS, as well as smolt‐to‐adult survival rates (Tardy 2011)4.  
This information will help determine when and if Phase 3 (with its conservation 
emphasis) may be implemented. 

ISRP Comment 1:  Provide a more thorough discussion of the need for additional hatchery 
facilities for spring Chinook production to meet goals of the Tribes’ enhancement programs. 

Although the Master Plan notes that the Tribes’ requirement for Chinook salmon production 
has low priority at Sawtooth Hatchery relative to other production goals, please provide 
additional information on the extent to which this low priority would impact the Tribes’ 
production goals and whether expansion of the Sawtooth Hatchery was considered and 
dismissed. Reviewers suspect these options have been effectively considered and objectively 
dismissed, but request confirmation. 

PROJECT SPONSOR RESPONSE 1 

Because of harsh rearing conditions at Sawtooth FH, the Lower Snake River Compensation Plan 
(LSRCP) has had to dramatically reduce the number of smolts it rears there.  Because of this, 
they are unable to achieve the smolt abundance and adult return goals established for their 
program and they would like to cease providing fish for the Yankee Fork program.  This decision 
has necessitated that the SBT develop the Crystal Springs FH.  Sawtooth expansion to 
accommodate production for the Yankee Fork program was evaluated but rejected primarily 
due to the harsh conditions (extremely cold water temperatures, icing of raceways, etc.) typical 
of this portion of the basin.  Options considered included the developing groundwater and 
water heating systems to improve rearing conditions, but were rejected for environmental and 
cost reasons.  A letter from the LSRCP supporting the Crystal Springs FH Program is presented 
as Appendix B. 

                                                       
4Tardy, K.A. 2011. 2011 Yankee Fork Salmon River Chinook Salmon Run Report. 
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ISRP Comment 2A:  Critically evaluate whether re‐introduction and supplementation efforts in 
Yankee Fork and Panther Creek have a reasonable probability of success at this time given 
degraded habitat conditions in the watershed, passage issues in the mainstem, and survival 
at sea… 

PROJECT SPONSOR RESPONSE 2A 

The program has a high likelihood of achieving harvest goals over both the short and long term.  
The conservation objective is speculative at this time and may never be achieved due to 
degraded habitat conditions present in the watersheds, migration corridor and estuary.  The 
success of the program will be mostly judged based on its ability to provide a large number of 
Chinook salmon for SBT harvest in terminal fisheries located in Yankee Fork and Panther Creek. 

Ability to Achieve Harvest Goals 
Because the primary purpose of the program is to provide fish for harvest, success will depend 
largely on the smolt‐to‐adult survival rates (SAR) for hatchery fish releases.  When SAR values 
are high, the number of fish returning that may be available for harvest is large.  For example, 
in 2008 and 2009, SARs were sufficient to allow the SBT to stock approximately 1,500 surplus 
Sawtooth FH Chinook salmon in the Yankee Fork (Lytle and Tardy 2010)5.  

The SAR assumptions are based on empirical PIT‐tag data for hatchery fish released from 
Sawtooth, McCall and Pahsimeroi hatcheries.  The SAR for these hatchery programs has 
averaged about 0.30 percent since 1993 (Table 1)6. The SAR data are measured from release to 
return as adults at Lower Granite Dam and therefore reflect current habitat conditions, harvest 
levels, adult and juvenile passage survival, proportion transported, as well as ocean survival.  
The SARs may be conservative as they are based on PIT‐tag data that may underestimate “true” 
survival of the unmarked fish due to tagging effects (see www.fpc.org, Comparative Survival 
Studies)7. 

We therefore conclude that estimates of HOR adult production shown in Tables 2 and 3 are 
reasonable, indicating that the harvest goal is achievable on average even with limited natural 
production potential8.   

                                                       
5 Denny, L. and K. Tardy. 2010. Yankee Fork Chinook Salmon Supplementation Program‐Update. 
6 Harvest effects on SAR from lower river fisheries are accounted for in the analysis as survival is measured at 
Lower Granite Dam. There has been limited harvest of adults once they pass Lower Granite Dam. 
7 This survival increase may be less as adult losses between LGD and tributaries is not known with precision. 
8 It is recognized that when marine survival rates are low the number of fish harvested for that brood will be near 
zero. 

http://www.fpc.org/
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Table 1.  Spring/summer Chinook salmon SAR data for McCall, Sawtooth and Pahsimeroi 
hatcheries (1993‐2004). SAR is measured at Lower Granite Dam.* 

Release Year 
McCall 

Hatchery 
Sawtooth 
Hatchery 

Pahsimeroi 
Hatchery 

1993 0.04% 0.001% 0.02% 
1994 0.05% 0.01% 0.04% 
1995 0.25% 0.01% 0.001% 
1996 0.09% 0.02%  
1997 0.07% 0.70%  
1998   0.36% 
1999 1.01% 0.56%  
2000 0.88% 0.89%  
2001 0.44% 0.30% 0.66% 
2002 0.71% 0.20% 0.82% 
2003  0.14% 0.24% 
2004 0.36% 0.07% 0.05% 

Average 
(1993-2004) 0.39% 0.26% 0.27% 

Source:  IDFG draft HGMPs 
* Data based on PIT tags which may underestimate SAR due to tag effects (see CSS Study at www.fpc.org).   

Table 2.  Number of adult spring/summer Chinook salmon produced in the Yankee Fork 
with and without the proposed Crystal Springs Hatchery program (Table 4‐2 
Master Plan). 

Parameters 

Number of 
Spring/Summer 
Chinook Adults 

Without Program 
Number of Spring/Summer 

Chinook Adults With Program 
Max Min Ave Max Min Ave 

Natural-origin spawning (NOS) escapement* 29 1 5 313 1 44 
Hatchery-origin spawning (HOS) escapement 31 5 10 2,089 99 464 
Hatchery-origin spawner (HOS) effective 
escapement (assumes 10% fitness loss) 24 4 8 1,644 80 371 

Total natural escapement (NOS & all HOS)  60 7 15 2,402 99 508 

Total harvest  35 1 6 3,770 626 
1,189  

(~1,000 in 
Yankee Fork) 

Hatchery broodstock  0 0 0 358 358 358 
Surplus at hatchery  0 0 0 412 6 135 

Total run-size (minus strays and imported 
broodstock) 85 2 12 6,993 1,072 2,175 

*-Natural production estimate is based on an assumed adult productivity and capacity value of 1.45 and 600, respectively.  Estimates were 
taken from the HSRG population report for the Yankee Fork (HSRG 2008b) 
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Table 3.  Number of adult spring/Summer Chinook salmon produced in Panther Creek 
with and without the proposed hatchery program (Table 4‐6 Master Plan). 

Parameters 

Number of 
Spring/Summer Chinook 
Adults Without Program 

Number of Spring/Summer 
Chinook Adults With Program 

Max Min Average Max Min Average 
Natural-origin spawning (NOS) escapement* 39 2 8 576 13 108 
Hatchery-origin spawning (HOS) escapement 18 3 6 1,716 163 448 
Hatchery-origin spawner (HOS) effective 
escapement (assumes 10% fitness loss) 15 3 5 1,366 131 358 

Total natural escapement (NOS & all HOS)  57 5 14 2,292 178 555 

Total harvest  47 2 10 3,259 515 
1,006  

(~800 in 
Panther 
Creek ) 

Hatchery broodstock  0 0 0 214 214 214 
Surplus at hatchery  0 0 0 205 0 68 

Total run-size (minus strays and imported 
broodstock) 98 1 19 6,028 876 1,839 

*-Natural production estimate is based on an assumed adult productivity and capacity value of 2.2 and 1,200, respectively. These estimates 
were taken from the HSRG population report for Panther Creek (HSRG 2008a). 

 

Ability to Achieve Long­term Conservation Objective 
The purpose of Phase 1 and Phase 2 of the program is primarily harvest and secondarily cultural 
(i.e., fish spawning naturally).  Over the long term, the program may produce conservation 
benefits if habitat conditions can be improved to the point where the populations become 
sustainable.  Based on the ICTRT analysis conducted in 2007, this would require a near doubling 
of population productivity, primarily through watershed focused habitat actions since 
conditions in the mainstem Salmon, Snake and Columbia rivers are not expected to improve 
dramatically.  A description of proposed habitat improvement actions in each of the watersheds 
is described later in this response. 

Currently, habitat conditions needed for egg‐deposition, juvenile migration and even returning 
adults are of insufficient quality to support sustainable natural production.  This conclusion is 
supported by the AHA analysis results provided in Tables 1 and 2 above, the 2007 ICTRT 
analysis, and recent adult return numbers to both streams.  

The AHA modeling results are consistent with the results of the ICTRT analysis which showed 
that recruits per spawner for Yankee Fork was 0.68 with a 10‐year geomean natural abundance 
of 13 fish9 from 1979‐1998 (http://www.nwfsc.noaa.gov/trt/trt_documents/yankee_fork_chinook2007.pdf). 

                                                       
9 The ICTRT did not complete an analysis for Panther Creek because this stock had been extirpated. 

http://www.nwfsc.noaa.gov/trt/trt_documents/yankee_fork_chinook2007.pdf
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Recent data collected in Yankee Fork also support the assumption that natural production 
potential is low.  From 2008‐2011, the SBT annually trapped from 18 to 71 NOR Chinook salmon 
in the Yankee Fork.  These fish were likely the offspring of hatchery fish that spawned naturally 
in previous years; however, it must be noted that in 2009, over 534,000 naturally produced parr 
and smolts were estimated to have migrated out of the Yankee Fork.  Adult production from 
these juveniles is expected to begin returning in 2012 and will provide the first indication of 
what may be possible in regards to natural production for this stream seeded primarily with 
adult hatchery fish. 

In Panther Creek, Chinook salmon redd surveys conducted from 2004 to 2011 indicate that 
natural production is low, as less than 71 redds have been observed in any single year (Table 4).  
These fish are mostly the offspring of McCall Hatchery fish that were planted in 2001 with 
NMFS approval. 

The results of previous analysis and recent data collection efforts formed the basis for the 
planned phased implementation approach that emphasizes colonization in Phase 1, 
development of a locally adapted hatchery stock in Phase 2 and development of an integrated 
harvest program for Yankee Fork in Phase 3 (if the NOR run becomes sustainable).  The 
program uses NOR abundance levels to determine when conservation may be a desired 
objective in each stream because it is impossible to estimate when and if habitat improvements 
will result in a substantial increase in population productivity. 

Table 4.  The number of Chinook redds observed in Panther Creek from 2004 to 2011 

Year Number of Redds 
2004 1 
2005 18 
2006 16 
2007 11 
2008 5 
2009 14 
2010 70 
2011 71 
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ISRP Comment 2B:  The following information is requested: 1) current and past habitat 
quality, ongoing efforts to improve habitat and a trajectory indicating the degree to which 
salmon survival might be improved in the near future, 2) evaluation of recent re‐introduction 
and supplementation efforts in the Snake River and Columbia River basins and a comparison 
of habitat quality in those watersheds versus habitat in Yankee Fork and Panther Creek, 3) 
evaluation of adult returns per spawner (R/S) among natural origin spring Chinook salmon in 
the Snake River basin as a means to assess development of a self‐sustainable population. 

PROJECT SPONSOR RESPONSE 2B 

A description of past, current and possible future habitat conditions are provided for both 
Yankee Fork and Panther Creek below.  The extent that habitat actions will improve population 
productivity and abundance over time cannot be determined with precision.  The ICTRT analysis 
for Yankee Fork suggests that productivity in this stream needs to double before the Chinook 
population is able to sustain itself.  

Information on recruits per spawner (R/S) and abundance for a subset of the Chinook 
populations analyzed by the ICTRT are shown in Table 5.  These estimates can be used as a 
partial indicator of the quality of the environment (habitat) each population experiences over 
its entire life‐cycle10.  The higher the R/S, the better the fish habitat present.  

Using Yankee Fork as the example, the data in Table 5 suggest that the population is not 
sustainable as it has an estimated R/S value less than 1 (i.e. 0.68).  The average R/S estimate for 
all 14 Chinook populations combined is 0.78.  This means that the habitat conditions 
experienced by Yankee Fork Chinook are about similar to the average Snake River Chinook 
population. 

Table 5.  Adult recruits per spawner and geomean abundance estimates for Chinook 
populations analyzed by the ICTRT (2007). 

Chinook Population MPG 
10-Year Geomean 

Abundance 
20-Year 

Return/Spawner 
Salmon-Upper Upper Salmon River 268 1.5 

Salmon-Lower Upper Salmon River 123 1.23 

East Fork Salmon Upper Salmon River 169 1.17 

Lemhi Upper Salmon River 80 1.09 

Valley Creek Upper Salmon River 35 1.08 
Yankee Fork Upper Salmon River 13 0.68 
Pahsimeroi Upper Salmon River 112 0.39 
*Panther Creek Upper Salmon River No Data No Data 

                                                       
10 It is recognized that productivity may also be low due to genetic effects from past hatchery practices etc. 
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Chinook Population MPG 
10-Year Geomean 

Abundance 
20-Year 

Return/Spawner 
Minam Grande Ronde-Imnaha 337 0.8 
Wallowa-Lostine Grande Ronde-Imnaha 276 0.72 
Wenaha Grande Ronde-Imnaha 376 0.66 
Imnaha River Grande Ronde-Imnaha 395 0.6 
Catherine Creek Grande Ronde-Imnaha 89 0.38 
Big Sheep Creek Grande Ronde-Imnaha 4 0.34 

Upper Grande Ronde Grande Ronde-Imnaha 38 0.32 

Average  165 0.79 
* Panther Creek was not analyzed by the ICTRT- redd counts for this stream has ranged from 1-71 since 2004. 

Study results for Imnaha River spring Chinook, a population with an R/S value (0.6) similar to 
Yankee Fork (0.68), suggest what might be accomplished by releasing fish to each of these 
streams (Carmichael et al 2010) 11.  Research findings and their significance to the program are 
as follows: 

• Total spawner abundance increased from the pre‐to the post‐time period compared to 
eight other populations examined.  Total fish abundance should therefore increase in 
both Yankee Fork and Panther Creek from program implementation. 

• Natural origin (NOR) abundance increased in three and decreased in five comparisons. It 
is therefore uncertain if NOR abundance will increase substantially in program area 
streams.  However, given that fish have been extirpated from Panther Creek (substantial 
unused habitat), and recent data shows large juvenile production from Yankee Fork, the 
program expects NOR abundance to increase to the levels shown in Tables 2 and 3. 

• The mean R/S ratio showed a significant decrease in all eight comparisons.  Allowing less 
fit hatchery fish to spawn in large numbers in the streams may decrease (or prevent an 
increase) in population productivity.  This loss of productivity from hatchery operations 
is the primary reason that the program intends to reduce pHOS as NOR abundance 
reach trigger points.  

• NOR recruits per spawner exceeded 1.0 in only 4 of the last 10 brood years and was 
below 0.5 for the 5 most recent brood years (although the 10‐year average was 1.4). 
These results are an indication that hatchery actions alone will not be sufficient to 
create sustainable populations.  Habitat conditions in the watersheds, migration 
corridor and estuary may all need to be improved to get R/S values greater than 1.  
Although the program purpose is harvest, long‐term habitat actions proposed for both 

                                                       
11 Carmichael R., T. Hoffnagle, J. Feldhause, D. Eddy and A. Albrecht. 2010. Imnaha River Spring/Summer Chinook 
Salmon Hatchery Program Review. 
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streams will hopefully improve fish survival to the point where runs may again be 
sustainable. 

Habitat­ Past, Current, Future 
The Tribes have been actively involved in restoring habitat in both the Yankee Fork and the 
Panther Creek watersheds.  These projects were implemented primarily with funds from the 
Bonneville Power Administration as part of an ongoing collaborative effort to restore system 
function in degraded anadromous‐bearing watersheds.  The ISRP comment is in line with the 
strategy proposed by the Tribes in the 2008 Fish Accord to use a multi‐level approach to 
manage anadromous fish through habitat rehabilitation, production, research and monitoring 
programs. 

Panther Creek 
The Middle Salmon‐Panther watershed (Hydrologic Unit Code 17060203) drains an area of 
1,164,588 acres.  The headwaters of Panther Creek originate near Morgan Creek Summit at an 
elevation of approximately 8,000 feet.  From its headwaters, the creek flows in a 
north‐northwesterly direction for 44 miles before entering the Salmon River at an elevation of 
approximately 3,200 feet.  Tributary streams that contain potential anadromous salmonid 
habitat include Musgrove Creek, Moyer Creek, Deep Creek, Napias Creek, Beaver Creek and 
Clear Creek. 

Water quality in Panther Creek is highly influenced by mining practices.  Since the 1800s, mining 
companies have extracted gold, copper, cobalt and other ores from Panther Creek and its 
tributaries.  Since the early 1950s, activities at the Blackbird Mine (currently inactive) on a 
tributary to Panther Creek have resulted in extensive ground and surface water contamination 
by copper, cobalt and other heavy metals.  These activities are blamed for the contamination of 
26 miles of the Panther Creek watershed, which flows into the Salmon River.  Another casualty 
was the virtual elimination of spring/summer Chinook salmon from Panther Creek, a reach that 
once provided viable spawning and rearing habitat. 

In 1993, the NMFS, the State of Idaho and the Forest Service collaborated on a Natural 
Resource Damage Assessment of the scope and scale of Blackbird Mine impacts.  The 
assessment calculated that 200 adult Chinook salmon were no longer returning annually to 
Panther Creek due to the release of hazardous substances (this assessment factored in other 
sources contributing to the decline of anadromous fish populations).  In 1994, the 
Environmental Protection Agency initiated a remedial investigation for site cleanup, after which 
a program was initiated to restore affected habitat and to compensate the public for mining 
impacts (see http://www.darrp.noaa.gov/northwest/black/index.html). 

In 1998, Blackbird Creek (a major tributary to Panther Creek) was 303(d) listed for pH, metals, 
and sediment. Blackbird Creek also contains elevated levels of iron that may violate state water 
quality standards for toxic and deleterious substances (IDEQ 200112). Panther Creek 

                                                       
12 IDEQ 2001.  Middle Salmon River‐Panther Creek Subbasin Assessment and TMDL.  

http://www.darrp.noaa.gov/northwest/black/index.html


Shoshone‐Bannock Tribes 

Crystal Springs Hatchery Program  Page 14 
Response to June 29, 2011 ISRP Comments 

downstream of Blackbird Creek was also 303(d) listed for metals in 1998. Since then, habitat 
conditions in Panther Creek have improved and now support natural reproduction and all life 
stages of anadromous and resident fish (EcoMetrix 201013). 

Beginning in 2010, the Tribes Salmon River Habitat Enhancement Program and ESA Habitat 
Program (2008 Shoshone‐Bannock Tribes’ Fish Accord Programs) began approaching willing 
landowners in the Panther Creek watershed about conservation activities to improve habitat 
condition for anadromous fish.  These efforts resulted in two exclosure fence projects being 
implemented in 2011 and one more project slated for implementation during the 2012 field 
season on private lands within the Panther Creek watershed.  Each project was accompanied by 
a fence maintenance agreement to ensure that the benefits from the project remained on the 
landscape for fifteen years. 

Using standards for exclosure fencing from the NRCS and U.S. Forest Service (FS), the Tribes 
designed and constructed approximately 11,000 linear feet of fence to protect a historically 
significant spawning reach located in the upper Panther Creek watershed above Blackbird 
Creek.  During the 2012 field season, another 2,400 linear feet of exclosure fencing will be 
installed to protect additional habitat in the same vicinity.  Prior to implementing the project, 
Tribal staff noted a general degradation of spawning habitat and liberal access to the mainstem 
Panther Creek by cattle on these private parcels during the spawning season.  These projects 
protected approximately five miles of spawning habitat for anadromous and resident fish in 
Panther Creek.   

These projects were specifically undertaken prior to a potential reintroduction of Chinook 
salmon by the Tribes to improve the overall success of hatchery production efforts and the 
minimal subsistence harvest opportunities currently available in Panther Creek.  As indicated by 
these efforts, the Tribes are acutely aware that it is not a prudent management decision to base 
a reintroduction effort solely on habitat restoration, monitoring, or production activities.  
Successful reintroduction will require a significant blend of each management strategy to 
effectively implement a program that actually delivers additional harvest opportunities for 
anadromous fish in Panther Creek, and may deliver a conservation benefit in the future. 

Yankee Fork Salmon River 
As the ISRP is aware, the Tribes have actively advocated for a large‐scale restoration action in 
the Yankee Fork for over two decades.  The Tribes have already invested significant time into 
improving the ‘dredge ponds’ for potential fish acclimation using BPA funds, as described in the 
Master Plan.  To further those efforts the Tribes proposed a habitat program to promote larger 
scale restoration activities in the Yankee Fork through the 2008 Fish Accord. 

The Yankee Fork Restoration Program has been providing responses to ISRP comments 
regarding the benefits of certain habitat actions by engaging in an interdisciplinary effort to 
develop a Yankee Fork Salmon River Tributary Assessment (TA) with the Bureau of Reclamation, 

                                                       
13  EcoMetrix 2010.  Biomonitoring Study: Panther Creek Watershed, 2009.  Prepared for Blackbird Mine Site 
Group.  Salmon, Idaho.  July 2010. 
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Trout Unlimited, FS, Tribes and other stakeholders14.  The purpose of the Yankee Fork TA is to 
provide information that describes (1) the large scale geomorphic processes occurring within 
the watershed; (2) the basis for delineation of geomorphic reaches within the TA area; and (3) 
the geomorphic reaches that have the greatest potential for improving geomorphic processes, 
reconnecting isolated habitats, and improving habitat quantity and quality.15   

The Yankee Fork is one of the major tributaries to the Salmon River.  It drains about 122,000 
acres and the flows south about 28 miles from its headwaters in the Salmon‐Challis National 
Forest to the Salmon River near river mile (RM) 368 near Sunbeam, Idaho.  Limiting factors that 
were identified in the Draft Salmon Subbasin Assessment (Ecovista 200416) for the Yankee Fork 
watershed generally included habitat fragmentation and connectivity, habitat quantity and 
quality, and water quality.  Presently, water quality does not negatively affect the fish species of 
concern, although there remains a risk or threat of chemical contamination from past and on‐
going mining activities (IDEQ 200317; see generally USBR 201218). Habitat fragmentation and 
connectivity, and habitat quantity and quality are presently the primary limiting factors within 
the Yankee Fork watershed affecting the abundance, productivity, spatial structure, and genetic 
diversity of the fish species of concern. 

Dredging activities have left the valley bottoms of the Yankee Fork (Jordan Creek to Pole Flat 
Campground) and Jordan Creek (lower 1.3 miles) covered by dredge tailing mounds.  The 
dredge(s) obliterated the Yankee Fork and Jordan Creek channels and new channels were 
subsequently constructed through the dredge tailings.  As a result, the dredge tailings presently 
provide valley bottom constraints that confine flows within channels in several areas, 
disconnect channel/floodplain interactions, and disconnect tributaries.  Significant changes to 
channel structure and channel/floodplain interactions have occurred on the Yankee Fork 
between Jordan Creek and the West Fork.  Historically, this area had an unconfined channel 
with a meandering‐to‐island braided channel pattern and functioning channel/floodplain 
interactions.  Presently, the Yankee Fork channel and the lower West Fork channel are confined 
with a straight channel pattern and channel/floodplain interactions are disconnected.  Available 
juvenile rearing habitat and high water refugia, and adult spawning habitat have substantially 
decreased, and stream energy is no longer dissipated over the floodplain. 

Historically, the Yankee Fork may have provided 10 to 15 percent of the available Chinook 
salmon spawning habitat in the upper Salmon River basin (Buffington, unpublished). Reiser and 
Ramey (198719) found that over six percent of Chinook salmon redds historically found in the 
upper Salmon River Basin were in the Yankee Fork watershed.  Chinook salmon redd counts 

                                                       
14 US Bureau of Reclamation.  2012.  Yankee Fork Tributary Assessment‐ Upper Salmon Subbasin, Custer County, 
ID.  USBR Pacific Northwest Region, Boise, ID.  January 2012. 
15 Yankee Fork Tributary Assessment; ES page 3 
16 Ecovista. 2004.  Draft Salmon Subbasin Management Plan.  NPCC.  Portland, OR.  2004. 
17 IDEQ 2003.  Upper Salmon River Subbasin Assessment and TMDL. 
18 USBR and SBT. 2011.  Yankee Fork Tributary Assessment‐ Upper Salmon Subbasin, Custer County, ID.  Appendix 
B‐ Water Quality.  USBR Pacific Northwest Region, Boise ID.  January 2012. 
19 Reiser, D.W. and M.P. Ramey.  1987.  Feasibility Plan for the Enhancement of the Yankee Fork of the Salmon 
River, ID.  Prepared for the Shoshone‐Bannock Tribes, Fort Hall, Idaho.  BPA Contract No. 83‐359. 
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have declined from 400 per year in the 1960s to as low as 3 in 2006 (Bellmore and Baxter 
2009).20  The lack of production in the Yankee Fork spurred the Tribes to evaluate a suite of 
management options to increase the availability of fish for harvest and to enhance degraded 
habitat conditions.  Impacts to aquatic habitat from previous anthropogenic disturbances 
include: (1) loss of juvenile rearing habitat and high water refugia, and reduction in spawning 
habitat patches; (2) isolation of tributaries that historically provided juvenile rearing habitat; 
and (3) increased flow velocities in several channel segments that inhibit upstream passage of 
juvenile fish at biologically significant flows. 

Instream flows (water quantity) are currently sufficient to maintain year‐round access through 
the Yankee Fork mainstem to other fish‐bearing tributaries (i.e., West Fork, Jordan Creek, 
Eightmile Creek, etc.).  There are no dams regulating flows and there is no evidence showing a 
change in the hydrograph timing, peak flow, or base flow for the period of record.  Therefore, 
based on current information, the water quantity indicator is functioning properly.21 

The TA is undergoing public review (April 2012) and is not yet final, but two pilot projects have 
been identified for near‐term implementation (2013 to 2014) within the dredged reach of the 
Yankee Fork (pending approval by the managers and regulators).  These pilot projects would 
modify pond series 2 and 3 to develop additional side‐channel habitat for juvenile fish and 
potentially open additional spawning habitat in the lower mainstem Yankee Fork.  The TA also 
notes that the confluence of the West Fork Yankee Fork was significantly modified during the 
dredging era, and identifies that reach for additional study to improve habitat.  Dredging likely 
resulted in the loss of a potentially significant spawning area at the West Fork and mainstem 
Yankee Fork confluence for anadromous fish. 

The Tribes are confident that the current Yankee Fork baseline condition provides opportunities 
for additional production to increase abundance of anadromous fish for a terminal harvest on 
the Yankee Fork Salmon River.  It remains the opinion of the Tribes that additional habitat work 
in the Yankee Fork will enhance conditions for anadromous fish and improve access to all parts 
of the watershed for all life stages.  A program that relies solely on production to increase 
abundance in the near term will not bring about long‐term benefits for the Tribes.  It is critical 
that the proposed hatchery production in the Yankee Fork be coupled with planned and 
ongoing habitat restoration in the stream to sustain a long‐term fishery that is hatchery 
influenced, and that the appropriate level of monitoring and evaluation occurs to document 
any positive influences from habitat work. 

Salmon River Basin Nutrient Enhancement Program 
The Salmon River Basin Nutrient Enhancement (SRBNE) project collects chemical, physical, and 
biological data to evaluate the efficacy of artificial nutrient treatments designed to increase 
freshwater productivity and the growth and survival of stream‐dwelling salmonids in the upper 
Salmon River Basin.  Specific project objectives include quantifying and assessing stream water 

                                                       
20 Bellmore, J.R. and C.V. Baxter.  2009. Yankee Fork Salmon River Dredge Tailings Restoration Project: A Plan for 
Monitoring and Evaluation.  Idaho State University.  Pocatello, ID. 
21 USBR. 2012. Yankee Fork Tributary Assessment; page 49 
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nutrient concentrations; nutrient limitation; course particulate organic matter retention; 
periphyton standing stock; macroinvertebrate (benthic and drift) density, biomass, and 
community composition;  bioenergetics, growth, and survival of resident and anadromous 
fishes; leaf litter decay rates, river metabolism measures, and aquatic food web connections in 
treatment streams receiving nutrient additions and control streams that do not receive nutrient 
additions.   

Beginning in 2010, the SRBNE project implemented experimental nutrient additions using 
salmon carcass analogs (SCA) at a stream segment scale (i.e., 3 stream km).  Two streams in the 
upper Salmon River Basin and two streams in the Panther Creek drainage were treated with 
SCA.  Two other streams, one in the upper Salmon and one in Panther Creek, serve as untreated 
controls.  Preliminary results from nutrient additions indicate that freshwater productivity 
increased following treatments.  Notably, benthic aquatic macroinvertebrate abundance and 
biomass increased dramatically following SCA treatments in 2010 (2011 data not yet available).  
In addition, a treatment response (i.e., increase) was observed in drift macroinvertebrate 
abundance and biomass and those increases suggest that forage habitat conditions for stream‐
dwelling salmonids were improved.  Integrating all the response variables collected from this 
ongoing study will help the Tribes understand how nutrient supplementation affects freshwater 
productivity (i.e., habitat conditions directly relevant to salmon recovery efforts). 

The blend of habitat restoration activities and ongoing research efforts to demonstrate the 
efficacy of increasing primary and secondary productivity in watersheds treated with smolts 
from the Crystal Springs FH Program will enable the Tribes to improve the delivery of effective 
management actions by watershed.  As the primary focus of the Crystal Springs FH Program will 
be to increase harvest opportunities, the above references are provided to ensure that the ISRP 
has a full picture of the ongoing efforts to characterize, improve and plan for watershed level 
effects of hatchery reintroduction or treatment. 

ISRP Comment 3A: Critically evaluate broodstocks that might be used in the Program, 
including use of natural origin salmon from the upper Salmon River rather than the 
segregated Sawtooth Hatchery stock. 

Project Sponsor Response 3A:  Based on ISRP comments on broodstock source for the 
program, the Tribes produced a white paper describing the benefits and risks associated with 
different broodstock sources and how each may or may not support harvest and recovery 
objectives (Appendix C).  This paper was used as the basis for discussions with the NMFS in 
seeking their input and interim approval of a preferred broodstock choice for Panther Creek 
and Yankee Fork.  NMFS responded in a letter dated March 2012.  In this letter they identified 
the following broodstock choice for each stream: 

• Panther Creek should use broodstock from Pahsimeroi Hatchery 
• Yankee Fork should use broodstock from Sawtooth Hatchery 
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NOR adults were not considered for broodstock by the SBT, NMFS or IDFG for four reasons: 

1.  The program purpose is harvest and therefore a hatchery stock is more appropriate. 

2.  The Panther Creek and Yankee Fork populations are not needed for ESU recovery at 
this time so mining the natural stock to support the program is not acceptable. 

3.  NOR fish are prioritized for the Sawtooth integrated program. 

4.  NOR fish are not available to support a reintroduction effort.   

Panther Creek 
In order to operate the Panther Creek component of Crystal Springs FH in a manner more 
compatible with the recovery of ESA listed spring/summer Chinook salmon, hatchery 
broodstock to initiate Phase 1 efforts will be derived from Pahsimeroi FH stock.  This stock was 
selected because Chinook salmon returning to Pahsimeroi FH are part of the Upper Salmon 
Major Population Group (MPG) and may provide a conservation/recovery benefit over time if a 
self‐sustaining population could be established in the stream.  Whether this population can 
contribute to Snake River Chinook ESU recovery will be a policy decision of the NMFS. 

The Tribes believe the most effective way to reintroduce Chinook salmon into Panther Creek is 
through pre‐spawn adult releases.  However, because whirling disease is present in adult 
hatchery fish that return to Pahsimeroi FH, the Panther Creek component will not outplant 
hatchery adults because this strategy would likely spread disease.  Instead, prior to the 
construction of hatchery facilities, we will outplant certified disease‐free eyed‐eggs in remote 
egg incubators or egg‐boxes spread throughout the habitat.  Remote incubators are 
inexpensive and provide an ability to seed underutilized habitat in an effective manner.  This 
strategy also allows water temperature and natural processes to act upon progeny produced 
via the egg incubator and also will reduce domestication effects compared to alternative 
strategies such as smolt releases. 

Once Crystal Springs FH is constructed and operational, broodstock will be obtained from 
Pahsimeroi Hatchery and/or adult returns to Panther Creek.  Adults will be spawned and eggs 
transferred to Crystal Springs FH for incubation and final rearing.  Resulting smolts will be 
transferred and released into Panther Creek in subsequent years.  Any continuation of egg‐
plants following construction of the hatchery will be determined through results of the M&E 
program.  Parental‐based tagging (PBT) will also be used to determine the reproductive success 
of hatchery‐ and natural‐origin fish, juvenile and egg‐plant releases.  These data will be used to 
determine if and when conditions are sufficient to consider a conservation objective for the 
program. 

Yankee Fork 
Based on conversations with NMFS, the Yankee Fork program will continue to use fish from 
Sawtooth FH and returning adults to Yankee Fork as broodstock.  The NMFS has declared our 
approach reasonable given current habitat conditions and the fact that this population is not 
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needed for recovery of the ESU (Appendix A). NMFS will be reviewing the Biological Assessment 
required for the program and at that time will confirm broodstock choice and identify what 
conservation role the program may be able to play in the future in regards to the recovery of 
Snake River spring/summer Chinook salmon ESU. 

ISRP Comment 3B:  Genetic and Stock Background. One issue not discussed in the report is the 
conservation planning for the Yankee Fork independent population of the Upper Salmon 
MPG. How is it that a Yankee Fork independent population is identified as having persisted at 
very small adult abundance after having Mackay, Pahsimeroi, and Sawtooth populations 
introduced into the stream? If there is an independent Yankee Fork population, how can the 
Sawtooth hatchery population, which is the primary component of a different independent 
population, be used to establish the locally adapted stock? 

Project Sponsor Response 3B 
After receiving ISRP comments on this topic, the SBT reinitiated discussions with NMFS staff 
about the appropriate broodstock for both Panther Creek and Yankee Fork.  Based on these 
discussions, Pahsimeroi and Sawtooth hatchery stocks were selected for Panther Creek and 
Yankee Fork, respectively (Appendix A).  The rationale for broodstock selection and outcomes is 
discussed below. 

ISRP Comment 3C:  A thorough discussion is needed of the status of the extant Yankee Fork 
independent spring Chinook population, the potential fate of that population, and its 
significance, as a consequence of introducing fish from other independent populations, and a 
critical evaluation of how the proposed effort may or may not contribute to recovery and 
delisting of Snake River spring/summer Chinook. 

PROJECT SPONSOR RESPONSE 3C 

As noted by the ISRP, various stocks of Chinook salmon have been planted in the Yankee Fork 
since 1977.  Chinook stocks released to this stream include fish from Rapid River (Mackay), 
Sawtooth and Pahsimeroi hatcheries (Table 11, Appendix A of Master Plan).  From 1995 to 
2005, no hatchery fish were released to the Yankee Fork.  Starting in 2004 (BY), spring Chinook 
adults and juveniles from Sawtooth Hatchery were released to the stream.  In 2011, 
approximately 398,000 smolts from Sawtooth Hatchery were released in Yankee Fork.  Because 
of low adult run size to Sawtooth, HOR adults were not released above the Yankee Fork Five 
Mile Weir in 2011 (although they would have been if fish were available).   

In 2007, the ICTRT conducted a population viability assessment of the Yankee Fork population.  
They classified the Yankee Fork population as a “basic” population based on historical habitat 
potential.  A basic population has an expected minimum abundance threshold criteria of 500 
naturally produced spawners with a sufficient intrinsic productivity to achieve a 5 percent or 
less risk of extinction over a 100 year time frame. 
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The conclusion from the ICTRT viability analysis for Yankee Fork spring/summer Chinook was as 
follows: 

“The Yankee Fork Salmon River Spring Chinook salmon population does not currently 
meet viability criteria because both Abundance/Productivity risk and Spatial 
Structure/diversity risk are high (Table 5). The 20‐year delimited recruit per spawner 
point estimate (0.80) is less than replacement and significantly less than the 1.9 
required at the minimum abundance threshold. The 10‐year geometric mean 
abundance is only 3% of the minimum threshold abundance. Improvement in 
abundance/productivity status and spatial structure/diversity status (reduction of 
risk level for both categories) will need to occur before the population can be 
considered viable. Also, the population currently does not meet the criteria for a 
“maintained” population.” 

Additionally, the ICTRT estimated that the 10‐year geomean natural Chinook abundance was 13 
fish.  The ICTRT also noted that genetic samples collected by researchers did not group with the 
Upper Salmon population cluster.  The samples were not significantly different from ten 
hatchery fish samples derived from Rapid River‐ a stock planted multiple years in the 
watershed. 

In 2003, the SBT met with IDFG (Sharon Keifer) and NMFS (Mike DeLarm) on several occasions 
(Portland, LaGrande, Boise) to select a broodstock for the Yankee Fork Chinook program.  There 
was broad consensus to introduce a closely related stock (e.g., Sawtooth) in Yankee Fork, and 
allow this stock to crossbreed with the remaining extant fish (of uncertain origin) in Yankee 
Fork.  The decision to introduce a related stock was made after the SBT, IDFG, and NMFS 
reviewed the ICTRT population viability assessment (which included the ICTRT genetic analysis), 
reviewed the artificial propagation history, and analyzed the historical redd counts/abundance 
trends.  These discussions concluded that it was highly likely that little remained of the genetic 
legacy of the Yankee Fork population due to low abundance and introgression with hatchery 
fish, primarily from Rapid River.  This group collectively determined that the hatchery stock at 
Sawtooth FH and returning adults to the Yankee Fork would provide broodstock for the 
program.  

Since the submittal of the Master Plan, the SBT again initiated discussions with 
NMFS about the correct broodstock to be used for the Yankee Fork program.  Based 
on these more recent conversations, the Yankee Fork program will use fish from 
Sawtooth Hatchery and returning adults to Yankee Fork as broodstock.  

In the attached letter, the NMFS has declared our approach reasonable given current habitat 
conditions and the fact that this population is not currently needed for recovery of the ESU 
according to the ICTRT (Appendix A).  NMFS will be reviewing the Biological Assessment 
required for the program and at that time will confirm broodstock choice and identify what 
conservation role the program may be able to play in future Snake River spring/summer 
Chinook ESU recovery.  
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ISRP Comment 4A: Provide estimates of adult returns and harvests based on actual data from 
the Snake River basin, including information recently documented by the Lower Snake River 
Compensation Program. How many hatchery origin and natural origin salmon might be 
harvested if the goal is to develop a self‐sustaining natural population? Although a terminal 
fishery was not identified by the Tribes, this approach should be discussed along with 
information on whether the Tribes might consider this approach combined with periodic 
attempts to re‐establish self‐sustaining natural production.  

PROJECT SPONSOR RESPONSE 4A 

Program plans will be more clearly articulated in Step 2 to express that the primary goal is 
terminal harvest. 

The Tribes identified a “terminal” harvest goal for Yankee Fork and Panther Creek of 1,000 and 
800 adults, respectively (see Master Plan page 34, Section 3.4.5.1; page 35, Section 3.4.5.2; and 
page 110, Section 4.17).  According to AHA modeling, these goals can be met on average, but 
because of cyclical marine survival, there will be many years when harvest goals will not be 
achieved.  The Tribes have harvested few fish in either stream for many years.  Low harvest 
numbers have occurred as a result of inconsistent stocking of hatchery fish to the streams and 
the Tribes’ priority is to use surplus hatchery adults for natural spawning.  For example, in 2008 
and 2009, the Tribes stocked approximately 1,500 surplus‐to‐brood Sawtooth Hatchery Chinook 
in the Yankee Fork (Lytle and Tardy 2010)22. 

The Master Plan proposes to continually test whether runs are sustainable by allowing NOR and 
HOR adult fish to spawn naturally when run‐size exceeds broodstock needs.  Offspring from 
these spawners will increase the number of adults returning to the subbasins in subsequent 
years and contribute to harvest and escapement.  Genetic sampling of adults and juveniles will 
allow us to track the reproductive success of NOR and HOR spawners.  This information, 
combined with estimates of adult and juvenile abundance, will act as a decision trigger for 
determining when program goals may need to be re‐evaluated (i.e., changed from harvest to 
conservation). 

Harvest benefits from the successful establishment of self‐sustaining populations in either 
stream will depend on NOR abundance and productivity, which cannot be defined at this time.  
If a naturally sustainable population were established, the Tribes would harvest more HOR fish 
at the adult sampling weirs to reduce mortality rates on NOR fish from terminal fisheries. 

                                                       
22 Denny, L. and K. Tardy. 2010. Yankee Fork Chinook Salmon Supplementation Program‐Update. 
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ISRP Comment 4B: The AHA analysis that provides some boundaries on harvest expectations 
is based on limited empirical information, and the uncertainties of life‐stage survival, 
including SARs, are not well described or adequately addressed. Productivity (R/S) and 
harvest rate values from existing programs in the Snake River basin should be used to predict 
more realistic outcomes from the program. If not, the metrics currently in the Master Plan 
need to be better justified, and a discussion is needed of how the program would respond and 
adapt if those metrics prove to be unrealized. 

PROJECT SPONSOR RESPONSE 4B 

The major uncertainty in achieving the primary program purpose of harvest is smolt‐to‐adult 
survival rates data for the HOR juveniles released from the program.  The SAR used for the 
Yankee Fork program was based on data for Sawtooth Hatchery23.  SARs for Panther Creek 
were based on updated data from McCall Hatchery24 which were quite similar to Sawtooth 
Hatchery SARs.  Although Panther Creek broodstock will now come from Pahsimeroi 
Hatchery25, the change will have little effect on SAR assumptions as Pahsimeroi SARs are similar 
to both McCall and Sawtooth (Table 1).  The only SAR data available for spring Chinook hatchery 
fish released in Yankee Fork is for the 2004 brood year.  The SAR for 2004 was estimated at 0.28 
percent, thereby confirming that our assumption is reasonable. 

The SAR of the hatchery stocks used in the program is also highly influenced by FCRPS 
operations.  Sawtooth Hatchery spring Chinook transported from the system have a SAR about 
double that of fish that migrated in‐river (Table 6).  In some years , as few as 33 percent of the 
Sawtooth Hatchery fish arriving at Lower Granite Dam are transported and thereby receive the 
survival benefit that transport provides.  Under these conditions, FCRPS operations depress fish 
survival, making achievement of SAR program targets more difficult.  This is one of the reasons 
that the program proposes to test releasing fish at a larger size (10 fpp) with a release date 
timed to maximize transport from the system. 

Table 6.  The proportion of Sawtooth Hatchery spring Chinook transported by migration 
year and associated SAR for both transported and in‐river migrating juveniles. 

Migration Year Percent Transported Transported SAR In-river SAR 
2007 45% 0.85% 0.41% 
2008 59% 1.23% 0.66% 

2009 * 39% 0.58% 0.19% 
2010** 33% - - 

Average 44% (4-year) 0.89% 0.42% 
* Adult returns not complete 
** No SAR data available until 2012. 

                                                       
23 IDFG. 2010. Upper Salmon River Spring Chinook Salmon (Sawtooth) Hatchery Genetic Management Plan. 
24 IDFG 2010. South Fork Salmon River Summer Chinook Harvest Augmentation Program. 
25 IDFG 2010. Pahsimeroi Hatchery Summer Chinook HGMP. 
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In addition, to improve the likelihood that sufficient adults will return to meet brood and 
harvest objectives, adult Chinook will be allowed to spawn naturally in the streams.  For 
modeling purposes it was assumed that NOR smolt‐to‐adult survival rates were ~0.8 percent.  
This value is supported by data presented in the 2011 Comparative Survival Study (CSS) which 
showed that average SAR (measured to and from Lower Granite Dam) for transported and in‐
river migrating juvenile wild spring Chinook smolts ranged from 0.79 to 1.03 percent, 
confirming that our assumption is reasonable26.  See 
http://www.fpc.org/documents/CSS/CSS_DRAFT_ANNUAL_REPORT%2031AUG2011.pdf.  Data on NOR 
juvenile (parr and smolts) SAR for Yankee Fork will be available starting in 2012. 

In years that adult returns are insufficient to meet broodstock needs (i.e., low SAR), hatchery 
production will be reduced unless surplus eggs are available from Sawtooth Hatchery for 
Yankee Fork and Pahsimeroi Hatchery for Panther Creek.  Harvest would only occur once 
broodstock needs are assured. 

If SAR increases substantially above 0.30 percent, hatchery production would be altered based 
on a review of multiple factors.  These include: 

1  Adult stray rates to other streams and populations: If greater than 5 percent of the 
spawning population in the receiving stream, hatchery production would be 
decreased unless other methods (e.g., longer acclimation, weirs) could be found to 
achieve the 5 percent criterion 27. 

2.  SAR of NOR fish: If NOR fish SAR is also larger than assumed, hatchery production may 
be decreased as combined natural and hatchery production may be sufficient to 
achieve program goals. 

3.  Harvest Level/Rates:  Because of the inefficiency of the primary fishing method 
(spears) employed by the Tribe, fishing effort may be insufficient to achieve harvest 
goals.  Thus, more efficient fishing methods such as weirs and nets may need to be 
used in some years when SAR is high.  

4.  NOR abundance:  The Master Plan uses NOR abundance levels in each stream as a 
trigger to determine if program goals and hatchery operations should be altered 
(Master Plan page 43, Section 4.1.1.3; and page 45, Section 4.1.2.2).  

For Panther Creek, the Master Plan states that when the 5‐year running average of NOR 
escapement in Panther Creek exceeds 750 adults, the Tribes will consult with the NMFS to 
determine if the conservation objective should be altered for this population.  Higher NOR SARs 
than assumed may result in triggers being achieved earlier in the program.  As more NOR fish 

                                                       
26  Again, we note that FCRPS operations may increase or decrease SAR depending on the proportion of the run 
transported at collection/transport projects. 
27 It is recognized that Sawtooth Hatchery fish (from a segregated program) may also stray and spawn in these 
streams as well.  The SBT will work with IDFG to ensure that the combined stray rate for both hatchery populations 
does not exceed the 5 percent criterion. 

http://www.fpc.org/documents/CSS/CSS_DRAFT_ANNUAL_REPORT%2031AUG2011.pdf


Shoshone‐Bannock Tribes 

Crystal Springs Hatchery Program  Page 24 
Response to June 29, 2011 ISRP Comments 

are produced, hatchery production may be decreased, depending on whether harvest goals are 
being met. 

ISRP Comment 5A: Evaluate the effect of releasing 200,000 to 600,000 large smolts on natural 
origin smolts within and downstream of the release watershed. The risks to natural origin 
Chinook have not been adequately evaluated. A standard of 5% or less straying has been 
established, but risks from competition, predation, and disease are not considered. A 
discussion of the ramifications of releasing hatchery fish twice the size of wild smolts is 
needed in terms of impacts to wild juveniles and to the ecological fitness of the hatchery fish 
themselves, including density effects.  

PROJECT SPONSOR RESPONSE 5A 

To address the ISRP’s questions, the PCDRISK‐ 1 model28 was run to determine predation, 
competition and disease effects that hatchery fish may pose to natural populations of salmon 
given some simple assumptions (Busack et. al. 2005)29.  The model was developed by the 
Washington Department of Fish and Wildlife and the Northwest Indian Fisheries Commission as 
part of their Risk Assessment Modeling Project for hatcheries.  It was chosen for this application 
as it provides a general risk assessment of hatchery production effects to natural populations 
when empirical data is lacking. 

PCD‐Risk modeling results are presented in Table 7 for wild salmon fry (50 mm), parr (80 mm) 
and smolts (125 mm).  Modeling was done under the following assumptions: 

• Hatchery Chinook are released at 170 mm (10 fpp) in mid‐April. 
• Hatchery fish spend an average of 20 days (10‐30 range) migrating from release streams 

to the Snake River. 
• The analysis assumes a 1:1 hatchery‐to‐wild fish ratio in all model runs. 
• Hatchery spring/summer Chinook will prey on other salmonids30. 

 

 

 

                                                       
28 The PCD in PCD RISK stands for Predation, Competition and Disease. 
29 Busack C.A., K.P. Currens, T.D. Pearsons and L. Mobrand. 2005.Tools for Evaluating Ecological and Genetic Risks 
in Hatchery Programs. BPA Project No. 2003‐058‐00 Contract No. BPA00016399 
30 The model was run assuming that hatchery Chinook prey on other salmonids. However, IDFG and SBT are of the 
opinion, based on their review of literature, that spring Chinook are not piscivorous (see all IDFG Draft HGMPs for 
spring/summer Chinook). 
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Table 7.  Estimated mortality rates on wild salmon fry, parr and smolts from hatchery 
spring Chinook releases. Mortality rates are provided for predation, competition 
and disease at stream temperatures of 4 C, 8 C, 12 C and 16 C, respectively. 

 
Stream Temperature 

4° C 8° C 12° C 16° C 

Fry = 32 mm Fry Percent Mortality 
Predation 0.1 1.1 5.8 9.0 
Competition 0 0 0 0 
Disease 0 0 0 0 
Total Mortality 0.1 0.4 5.8 9.0 

Parr = 80 mm Parr Percent Mortality 
Predation 0 0 0.3 1.2 
Competition 1 1.4 1.9 2.4 
Disease 0.5 0.8 1.0 1.3 
Total Mortality 1.5 2.2 3.2 4.9 

Smolt = 125 mm Smolt Percent Mortality 
Predation 0 0 0 0 
Competition 2.6 3.4 4.6 6.7 
Disease 1.4 1.7 2.9 3.8 
Total Mortality 4 5.1 7.5 10.5 

 

The analysis indicates that mortality rates increase as stream temperature increases.  In 
April/May, stream temperatures in both Yankee Fork and Panther Creek are generally less than 
8° C (EcoMetrix 200931, Tardy 201132).  In 2011, stream temperatures in Yankee Fork were less 
than 5° C in April and May (Figure 1).   

                                                       
31EcoMetrix. 2009. Biomonitoring Study: Panther Creek Watershed. September 2009. 
32Tardy, K.A. 2011. 2011 Yankee Fork Salmon River Chinook Salmon Run Report. 
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Figure 1.  Temperature profile recorded at the Pole Flat (Yankee Fork) weir and screw 
trap, 2011. 

Modeling results indicate that stream temperatures in the spring are such that possible 
predation effects on all three life stages are minimal (less than 1.1 percent)33.  Combined 
competition and disease effects on wild fish at these temperatures (4‐8° C) range from 0 to 5.1 
percent depending on life stage.  Hatchery fish impacts to tributary parr populations may be 
overestimated since a large portion of the parr (and pre‐smolts) migrate out of these systems in 
summer/fall of the year when hatchery fish would not be present (Figure 2) (Tardy 2011).  
However, these parr/pre‐smolts would likely be present in the mainstem Salmon River in the 
following spring, so some effects would still occur. 

                                                       
33 The model was run assuming that hatchery Chinook prey on other salmonids. However, IDFG is of the opinion 
that based on their review of the literature on this topic, spring Chinook are not piscivorous (see all IDFG Draft 
HGMPs for spring/summer Chinook). 
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Figure 2.  Migration timing of Chinook salmon juveniles during 2011 trapping operations 
(Tardy 2011) 

As hatchery fish migrate downstream over time, stream temperatures in the Salmon River 
increase to 12° C and above.  At these temperatures, possible hatchery fish‐induced mortality 
to wild populations (parr and smolt life stages) ranges from 3.2 to 10.5 percent (based on 10‐30 
day exposure). 

To address the risk hatchery fish pose to wild salmon populations, the program proposes to: 

• Conduct predation studies to confirm model results.  If more than 5 percent of the 
hatchery spring Chinook stomachs sampled contain salmon, hatchery fish release size, 
location or number released will be altered until the 5 percent criterion is achieved. 

• Release only fish certified by pathologists as disease free.  Fish will be sampled at the 
hatchery and at acclimation ponds to ensure their health.  
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• Fish will be released volitionally from the acclimation ponds.  This will help ensure that 
fish are physiologically ready to migrate quickly out of the system (see Master Plan page 
86, Table 4‐17).  Reducing time spent in the system is expected to reduce competition, 
predation and disease effects to wild fish.  A subset of the fish will be radio‐ or 
acoustically‐tagged to determine behavior, habitat use and travel time to key points in 
the system. 

• Allow hatchery fish to spawn naturally.  These natural spawning fish will produce 
offspring that exhibit size and emigration timing reflective of the natural stream 
environment.  The more successful these fish are in producing returning adults, the less 
reliant the program would be on hatchery production to achieve project harvest goals. 

The Master Plan calls for consideration of hatchery production elimination in a stream if NOR 
run size averages 2,000 adults (page 43, section 4.1.1.3).  To further reduce the risks hatchery 
fish pose to natural populations in the Salmon River, hatchery production may be decreased 
when combined  NOR and HOR escapement exceeds 2,000 fish in Yankee Fork and 1,500 in 
Panther Creek.  

Hatchery Fish Size at Release 
Hatchery yearling spring Chinook in the Upper Columbia and Snake River systems are generally 
released at sizes ranging from 8‐25 fpp (www.fpc.org (hatchery query)).  Natural‐origin fish 
emigrating from the Upper Salmon River in the spring are closer to 20‐25 fpp.  Release sizes for 
Snake River hatcheries were based partially on a size‐at‐release study that showed little 
difference in survival for fish released at 15 fpp and 20‐25 fpp34 and the temperature of 
hatchery water supply (i.e., cold rearing water temperatures prevent achieving fish sizes much 
larger than 15 fpp by target release date (April)). 

This program will release hatchery fish at 10 fpp which is within the size range observed for 
other hatcheries, but larger than the spring Chinook currently released at Sawtooth FH (20‐25 
fpp).  Because fish size at release may result in different outcomes, the program will conduct a 
size‐at‐release study in the first five years of hatchery operation.  The facilities described in the 
Master Plan have the flexibility to accommodate this study with no changes to the concept 
design.  The study will be used to determine how release size (10 versus 20 fpp) affects the 
following parameters: 

• Smolt‐to‐adult survival rate (SAR) 
• Migration time and survival to Lower Granite Dam throughout the FCRPS 
• Proportion of the fish entering the FCRPS transport system 
• Predation rates on naturally produced salmonids 
• Juvenile and adult habitat utilization in the mainstem Salmon River  
• Adult age structure (e.g., mini‐jacks or jacks) 

                                                       
34 Feldhaus, J., T. Hoffnagle, R. Carmichael and D. Eddy. 2011.  Size at Release of Imnaha River Chinook Salmon 
Hatchery Smolts: Does Size Matter 

http://www.fpc.org/
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• Gender  
• Straying 
• Juvenile residual time and rate 

The results of the study will establish a program release size that reduces predation, 
competition and disease effects to the extent possible while still achieving program purpose 
(harvest). 

ISRP Comment 5B:  Recent observations indicate that high jack and mini‐jack percentages are 
proving to be a major concern at some Chinook salmon hatcheries (e.g., 52% in Lookingglass 
Hatchery, 2006 and 2007: Larsen et al. 2010) and are linked to the release of rapidly‐growing 
pre‐smolts. What is the expected risk of such a problem in the proposed program? 

PROJECT SPONSOR RESPONSE 5B 

Data collected for Sawtooth hatchery spring Chinook indicate that mini‐jack rates have ranged 
from 0.01 percent to 0.26 percent (average of 0.1percent) from 2007 to 2011 (Cassinelli et al 
2012)35.  These values represent the percent of the total release detected at Columbia and 
Snake river dams.  The total number of mini‐jacks produced from Sawtooth FH ranged from 101 
to 716 over this time period.  This assumes however that all mini‐jacks migrated past Lower 
Granite Dam and none remained in stream reaches upstream of this point.  It should be noted 
that mini‐jacks have not been observed at the Sawtooth weir or Yankee Fork weirs, although 
weir spacing may allow these fish to pass unnoticed. 

Based on current information, risks associated with the program producing a large number of 
mini‐jacks is low.  However, because the program proposes to release a larger smolt (10 fpp) 
than what has occurred historically at Sawtooth Hatchery, studies will be undertaken to confirm 
this assumption (see above). 

ISRP Comment 6‐ Yellowstone Cutthroat Trout Program‐ Multiple Comments:   

In its June 29, 2011 review document, the ISRP offered numerous comments on the proposed 
Yellowstone cutthroat trout program (primarily on pages 8 and 9).  Due to their length and 
subsequent program decisions made by the Tribes’, these comments are not repeated here. 

PROJECT SPONSOR RESPONSE TO COMMENT 6 

Since receipt of ISRP comments on the YCT hatchery program, the Tribes have performed both 
an internal and external review (with IDFG staff) of the proposed hatchery program.  Based on 
this review, it was apparent that the use of artificial production to provide conservation 
benefits to the species was not appropriate at this time and therefore has been eliminated 

                                                       
35 Cassinelli J., S. Rosenberger, and F. Bohlen.  2011. Calendar Year Hatchery Chinook Report: IPC and LSRCP 
Monitoring and Evaluation Program in the State of Idaho. IDFG Report Number 12‐02, January 2012. 
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from the Master Plan.  Artificial production of YCT will still be used to meet the need for 
additional catch and harvest opportunities for both tribal and sport fishers.  Each year the 
program will rear and release up to 5,000 sub‐catchable sized (5 to 6 inches) YCT into a spring‐
fed 16‐acre oxbow located on the reservation.  

Surveys indicate that the oxbow is moderately eutrophic and will provide excellent rearing 
conditions for planted fish.  These fish are expected to exhibit fast growth rates and should 
produce a trophy fishery within 1‐2 years after first stocking.  The lake fishery will complement 
the existing trophy stream fishery currently in place in the Fort Halls Bottom.  The lake will be 
monitored for water quality, fish abundance and condition factor each year to refine stocking 
densities over time. 

The program will have a catch goal of 0.5 fish per hour of fishing effort.  Access to the lake is 
excellent and fishing success will be simple to monitor.  The fishery will provide both tribal and 
sport anglers the opportunity to catch YCT without risk to native trout populations. 

Response to ISRP Step 1 Review Elements 

In this section we provide a response to some of the concerns the ISRP identified for the Step 1 
Review elements.  Not all topics identified by the ISRP in this section are addressed as many are 
covered in the preceding responses. 

ISRP Comment: Regarding Principle 7, adaptive management, section 4.7 of the plan is 
weakly considered and inadequate. The only item specifically identified for evaluation is 
survival to Lower Granite Dam of direct release vs. pond‐held groups, something that has 
been evaluated elsewhere for a decade. The section needs considerable strengthening to be 
able to take advantage of the opportunities to increase our knowledge being provided by the 
project (such as evaluation of straying)… 

PROJECT SPONSOR RESPONSE 

In the Master Plan, adult NOR abundance is also used as a trigger to adaptively manage the 
program to achieve broodstock goals, escapement, harvest levels and as a means to move from 
one program phase to the next.  Hatchery stray rates to other watersheds will be used as a 
criterion to alter hatchery practices over time.  In the Step 2 submittal, the plan will be 
strengthened by including studies of competition and predation effects of hatchery releases to 
wild salmon populations.  If predation rates are too high, measures including possible reduced 
hatchery production would be implemented to reduce impacts. 
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ISRP Comment: The Master Plan noted (P. 101) that the Idaho Supplementation Studies (ISS) 
program uses the West Fork of the Yankee Fork as a control stream. It appears that field 
evaluation of ISS in Yankee Fork will be completed prior to supplementation from the Crystal 
Springs Hatchery. Is this the case, or would it impact the study design and results of the ISS 
study? 

PROJECT SPONSOR RESPONSE 

The ISS studies will be completed in 2014.  At that time, the West Fork will no longer be used as 
a control stream.  The program will therefore have no effect on any future ISS analysis. 

ISRP Comment: The trigger for switching from Phase 1 to Phase 2 is based in part on the total 
return of 1,000 spring Chinook, but the statement did not indicate whether or not this metric 
was for a single year or multiple years (P. 42). 

PROJECT SPONSOR RESPONSE 

The metric is based on a five year running average (see Master Plan pages 43 and 56). 

ISRP Comment: The assumed R/S of hatchery fish is 4.0 for the Yankee Fork and 6.1 for 
Panther Creek. The reason for different assumptions in the two watersheds is not clear. 

PROJECT SPONSOR RESPONSE 

The analysis used McCall and Sawtooth hatchery data for Panther Creek and Yankee Fork, 
respectively.  Assumptions about egg‐per‐female, adult pre‐spawn survival and in‐hatchery 
survival were responsible for the differences observed in R/S values for the two hatchery 
populations.  

ISRP Comment: Why is the harvest rate the same for fish in Yankee Fork and Panther Creek 
given that productivity of Panther Creek is assumed to be higher? 

PROJECT SPONSOR RESPONSE 

Harvest rates were set based on the value required to produce 1,000 adults for harvest in each 
stream in Phases 1 and 2.  The size of the hatchery release in each stream (400,000 in Panther 
and 600,000 in Yankee Fork) had more influence on the value selected then did NOR 
productivity. 
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ISRP Comment:  The plan notes the proposed sliding scale harvest approach. Please clarify 
whether the harvest rate will be 8% or less until escapement needs for the stream (e.g., 500 in 
Yankee Fork) and hatchery (358 adults) are both achieved, or whether harvest rates will 
increase beyond  8% when the return exceeds 500 fish as implied on page 42? 

PROJECT SPONSOR RESPONSE 

The Master Plan currently calls for increasing harvest rates above eight percent as NOR run size 
increases.  Fish returning to the basin(s) are prioritized first for broodstock and then for natural 
escapement and harvest.  The Tribes are currently in discussions with NMFS to determine if the 
sliding scale approach is necessary for populations not required for ESU recovery.  The outcome 
of these discussions will be incorporated into the Step 2 submittal. 
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Appendix A 
March 9, 2012 letter from the NMFS  

regarding Chinook program broodstock  

 

 



Mr. Chad Colter, Director 
Fish and Wildlife Department 
Shoshone-Bannock Tribes 
P.O. Box 306 
Fort Hall, Idaho 83203 

Dear Mr. Colter: 

UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
1201 NE Lloyd Boulevard, Suite 1100 
PORTLAND, OREGON 97232-1274 

March 9, 2012 

I appreciate the dialogue that has occurred between your staff and the NMFS Northwest Region 
Salmon Management Division (SMD) concerning Chinook salmon broodstock issues related to 
your proposed management programs in Panther Creek and Yankee Fork Salmon River, Idaho. 
The field work and analyses the Shoshone Bannock Tribes have. accomplished have been 
essential in better understanding biological issues and management options for these two 
watersheds. 

Based on the available information, we at SMD believes that if Chinook salmon from outside 
Panther Creek are to be used as broodstock to support a harvest program in Panther Creek, these 
fish should come from within the upper Salmon River Major Population Group (MPG). Of the 
two hatchery sources available, Pahsimeroi and Sawtooth, Chinook salmon from the Pahsimeroi 
River should be given the most consideration given that population's closer proximity, and likely 
higher genetic affinity to historical Panther Creek Chinook salmon. At this time SMD does not 
support further use of South Fork Salmon Chinook salmon in Panther Creek. We understand that 
the Tribes will continue to monitor and evaluate genetic samples from Chinook salmon that have 
recently been returning to Panther Creek and consider this information as you continue to plan 
and develop your management program. 

On Yankee Fork Salmon River, we understand the Tribes are continuing a program of planting 
smolts reared at the nearby Sawtooth Hatchery. You have asked us to comment on the 
consistency of this practice with management and recovery of Chinook salmon in the Snake 
River basin. A recovery plan has not yet been finalized for Chinook salmon in the Salmon 
River, so we cannot be definitive on this point. Regrettably, because of staffing shortages we 
also have not been able to evaluate the HGMP on this program that you provided to us. We can 
offer the current SMD perspective, however. The Yankee Fork Chinook salmon population is 
one of eight recognized extant Chinook salmon populations in the Upper Salmon River MPG. 
However, in the recovery material we have seen to date, from the recovery scenarios 
recommended by the Interior Columbia Technical Recovery Team onward, Yankee Fork, has not 
been considered one of the populations that need to achieve viability or high viability for 
recovery. This seems quite reasonable, given the habitat limitations there. Because 
Yankee Fork is not one of the populations required for recovery, it is one in which 



2 

SMD believes higher risk is acceptable for a hatchery program for the foreseeable future, such as 
use of fish from Sawtooth. 

SMD understands that the Tribes will be proceeding to Step 2 planning with the Bonneville 
Power Administration and the Northwest Power and Conservation Council. SMD will revisit 
these broodstock issues when we review your comprehensive Biological Assessment prepared 
pursuant to the Endangered Species Act. We look forward to soon reviewing your programs in 
their entirety. 

Cc: 
Dan Stone, SBT 
Mike Haddix, SBT 
Lytle Denny, SBT 
Pete Hassemer, IDFG 
Joe DeHerrera, BPA 
Steve Smith 

Sincerely, 
7 ./ ~4sai 
usack 

Fish Biologist 
Production and Inland Fisheries Branch 
Salmon Management Division 
NMFS Northwest Regional Office 
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January 18, 2012 
DRAFT 

ISSUE PAPER 
 

BROODSTOCK SELECTION FOR THE 
PANTHER CREEK CHINOOK SALMON PROGRAM 

  
Issues: 1) What broodstock should be used to start a spring/summer Chinook salmon hatchery 
program in Panther Creek, tributary of the Salmon River in Idaho?  2) How should the 
broodstock collection for Panther Creek be initiated? 
 
Introduction 
 
On April 6, 2011, the Shoshone Bannock Tribes (Tribes) submitted the “Crystal Springs Fish 
Hatchery and Programs for Snake River Chinook Salmon and Yellowstone Cutthroat Trout, 
Master Plan, Volumes 1 and 2, March 2011” (SBT 2011) to the Northwest Power and 
Conservation Council.  The “Master Plan” includes a hatchery program to increase 
spring/summer Chinook salmon returns to Panther Creek to meet harvest and conservation 
objectives. 
 
The Master Plan proposed a two-phased hatchery program for Panther Creek.  Phase 1 included 
re-colonization of Panther Creek with annual releases of up to 1,500 surplus adult hatchery fish 
and production of up to 400,000 Chinook salmon smolts at Crystal Springs FH, using the same 
broodstock.   Phase 2 would begin when adult returns (both natural and hatchery origin) 
averaged >1,000 fish per year over a 4 to 5 year period.  At that time, the adult transplants would 
cease and juvenile production would continue, prioritizing adults returning to Panther Creek as 
the broodstock source (considered localized, Panther Creek broodstock).  
 
The Tribes deferred specifying the Phase 1 broodstock in the Master Plan pending analysis of 
critical genetic information from Chinook salmon that have recently populated Panther Creek.  
The Master Plan indicated three broodstock options including: Pahsimeroi FH stock, McCall FH 
stock (South Fork Salmon River), or the extant Chinook salmon population in Panther Creek. 
 
Genetic information is now available from adult and juvenile Chinook samples taken from 
Panther Creek to help in broodstock selection.  Additionally, NOAA is preparing a draft report 
(in progress),entitled  “Anadromous Salmonid Reintroductions: General Planning Principles for 
Long-term Viability and Recovery, Draft 10/4/2011”, that offers scientific guidance for Chinook 
salmon reintroductions such as proposed by the Shoshone-Bannock Tribes.  Also, the ISRP 
provided comments on the Crystal Springs Fish Hatchery Program Master Plan (June 29, 2011) 
and on the Tribes’ related Supplementation, Monitoring, and Evaluation Program (June 29, 
2011).   
 
This issue paper reviews again, all broodstock selection options considered by the Tribes in 
developing the Master Plan and refinement of the options following discussions with NOAA 
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staff and the receipt of genetic information.  The issue paper also refines the proposed production 
program based on ISRP comments.  
 
Background 
 
Pursuant to the Endangered Species Act (ESA), NOAA Fisheries listed the Snake River Spring/ 
Summer Chinook Salmon Evolutionarily Significant Unit (ESU) as a threatened species in 1992.  
The 1992 ESA listing consisted of all natural populations in the Salmon River sub-basin.  A 
natural population includes all fish that are the progeny of naturally spawning fish, regardless of 
their origin (hatchery or wild).  The listed ESU also includes fish from McCall and Pahsimeroi 
fish hatcheries (FH) (FRN Vol. 57, No 76, pages 14653- 14663).  In its 1993 designation of 
critical habitat for listed species, NOAA Fisheries included river reaches presently or historically 
accessible to spring/summer Chinook salmon, including those reaches in the Panther Creek sub-
basin, with the exception of a component of Napias Creek.  
 
 In their status review of the Snake River ESU, NOAA Fisheries established five Major 
Population Groups (MPGs) within the listed species’ range (Figure 1) (ICTRT, 2003).  The 
South Fork, Middle Fork and Upper Salmon MGGs occur in the Salmon River subbasin, (Figure 
2).  Panther Creek is located at the downriver periphery of the Upper Salmon River MPG and has 
been determined to be sufficiently distant from other spawning aggregates and has sufficient 
available habitat to be considered a separate, independent population (ICTRT 2003).  However, 
at this time, Panther Creek is classified as an extirpated population (ICTRT 2005, 2006b). 
 
The Interior Columbia-basin Technical Recovery Team (ICTRT) reported that genetic samples 
collected from tributaries of the upper Salmon River were genetically very divergent from one 
another and in many cases individual sites were highly differentiated from all others. Populations 
in this area include both spring and summer adult run timing. These patterns are interpreted to 
reflect the enormous geographic area and impressive array of environmental diversity 
encompassed by the upper mainstem tributaries. Although clearly not representing a genetically 
homogeneous group, spawning locations are interspersed along the mainstem, making any 
further division based on geographic isolation difficult. Therefore, the ICTRT considered 
Chinook salmon upstream of the mouth of the Middle Fork Salmon River as a single major 
population grouping (ICTRT 2003, in ICTRT, 2006a). In ESA recovery planning, Panther Creek 
is one of nine historical populations in the Upper Salmon MPG.  Five populations in this MPG 
are needed to be viable for recovery purposes.  Panther Creek is not an ICTRT recommended 
population for recovery planning purposes, nor is it considered by the co-managers to be 
designated as a viable or highly viable population.  Nonetheless, the Tribes are interested in 
establishing a localized population in Panther Creek.  
 
Panther Creek is an important traditional use area for members of the Shoshone Bannock Tribes 
of the Fort Hall Indian Reservation.  For generations, the Tribes lived in the Panther Creek 
watershed and used the vast resources found within this area.  More recently, members of the 
Tribes traveled to Panther Creek for ceremonial and subsistence fishing until salmon runs were 
depressed by overfishing on the Columbia River followed by extirpation by local mining 
activities.  From 1954 to 1967, the number of Chinook salmon redds counted in Panther Creek 
ranged from 135 (1957) to 0 (1963 to 1967) (EcoMetrix 2010). 
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Beginning in the 1940s, mining operations in Panther Creek seriously impaired water quality in 
this tributary to the Salmon River. By the 1970s, the endemic fish had been extirpated due to 
acid and heavy metal pollution from cobalt mining operations (Blackbird Mine). In 1994, the 
Environmental Protection Agency (EPA) initiated a remedial investigation for site clean-up of 
the Blackbird Mine, after which a program was initiated to restore affected habitat in the Panther 
Creek sub-basin.  Since then, habitat conditions in Panther Creek have improved and now 
support natural production of all life stages of anadromous and resident fish (SBT 2011).  In 
addition, the Blackbird Mine Settlement Agreement provides support for a Chinook salmon 
reintroduction program.  
 
Panther Creek has been stocked with hatchery fish from multiple sources on at least three 
occasions.  In 1977, 46,305 spring Chinook salmon fry of Rapid River or Hells Canyon stock 
were transplanted from Mackay Fish Hatchery and stocked into Panther Creek.  In 1986, 3,383 
spring Chinook salmon adults (Rapid River or Hells Canyon stock) were transplanted from 
Pahsineroi FH and released into Panther Creek for natural spawning.  And in 2001, 1,064 
summer Chinook salmon adults were transplanted from the South Fork Salmon River satellite 
facility (McCall or South Fork stock) and released into Panther Creek to stimulate sport fishing, 
but not all of these fish were harvested. (Brian Leth, IDFG 11/15/2011 e-mail and Lytle Denny, 
pers. com, 2011).  
 
In the fall of 2001, the Tribes and IDFG independently conducted spawning surveys to estimate 
the number Chinook salmon that successfully spawned.  IDFG’s one-time peak count aerial 
surveys documented a total of 15 redds, while the Tribes’ on-the-ground survey method 
documented 43 Chinook salmon redds.   
 
IDFG completed additional aerial surveys from 2005 - 2009 and recorded less than 20 redds per 
year (Table 1).  In 2010, the Tribes re-initiated spawning ground surveys and counted a total of 
70 Chinook salmon redds.  In 2011, a total of 71 Chinook salmon redds were observed (Table 1).   
 
Table 1.   Chinook Salmon Redds Observed in Panther Creek from 1952 - 2011. 

Year Redd Counts Agency 
1952 71 IDFG 

1953 103 IDFG 

1954 N/A IDFG 

1955 0 IDFG 

1956 18 IDFG 

1957 125 IDFG 

1958 92 IDFG 
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Year Redd Counts Agency 
1959 N/A IDFG 

1960 N/A IDFG 

1961  6 IDFG 

1962 10 IDFG 

1963  0 IDFG 

1964  0 IDFG 

1965 0 IDFG 

1966 N/A IDFG 

1967 0 IDFG 

1968  N/A IDFG 

1969 N/A IDFG 

1970 N/A IDFG 

1971 N/A IDFG 

1972 N/A IDFG 

1973 N/A IDFG 

1974 N/A IDFG 

1975 N/A IDFG 

1976 N/A IDFG 

1977 N/A IDFG 

1978 N/A IDFG 

1979 N/A IDFG 

1980 N/A IDFG 

1981 N/A IDFG 

1982 N/A IDFG 

1983 N/A IDFG 
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Year Redd Counts Agency 
1984 N/A IDFG 

1985 N/A IDFG 

1986 N/A IDFG 

1987 N/A IDFG 

1988 N/A IDFG 

1989 N/A IDFG 

1990 0 IDFG 

1991 0 IDFG 

1992 0 IDFG 

1993 0 IDFG 

1994 0 IDFG 

1995 N/A IDFG 

1996 N/A IDFG 

1997 N/A IDFG 

1998 N/A IDFG 

1999 N/A IDFG 

2000 N/A IDFG 

2001 10, 43 IDFG, SBT 

2002 N/A IDFG 

2003 N/A IDFG 

2004 1 IDFG 

2005 18 IDFG 

2006 16 IDFG 

2007 11 IDFG 

2008 5 IDFG 
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Year Redd Counts Agency 
2009 14 IDFG 

2010 70 SBT 

2011 71 SBT 

 
Panther Creek Chinook Salmon Genetics 
 
To assist in selection of the appropriate broodstock for the Master Plan, the Tribes collected, and 
U.S. Fish and Wildlife Service analyzed and evaluated Chinook salmon tissue samples obtained 
from juveniles and adults in Panther Creek. The results of that analysis were reported in the 
“Genetic Analysis of the Origin of Chinook Salmon in Panther Creek Idaho, 2011” (Smith et al. 
2011).   
 
The genetic analysis indicates that Chinook salmon, which have recently become established in 
Panther Creek, primarily originate from the South Fork Salmon River MPG and are likely 
derived from the 2001 McCall FH transplants.  There was “…little evidence to suggest that the 
adults or juveniles collected in Panther Creek include an appreciable number of fish from either 
the Middle Fork or Upper Salmon River MPGs, indicating that re-colonization through natural 
dispersal from geographically adjacent populations is not occurring.”  There was also evidence 
of the persistence of Rapid River stock, also of the South Fork MPG which was out-planted in 
1977 and 1986.  The genetic survey provides supporting information to conclude that Chinook 
salmon in Panther Creek are “… likely derived from the 2001 McCall Fish Hatchery transplants 
and/or strays from the ImRap and SFork reporting groups.” (likely the Pahsimeroi FH adult 
transplants). There was very little information to suggest that natural re-colonization is occurring 
in Panther Creek, which further supports the Tribes’ conclusion to identify an appropriate brood 
source for a reintroduction strategy. 
 
The current composition of the Chinook salmon population in Panther Creek suggests that fish of 
South Fork Salmon River origin have been successfully reproducing in Panther Creek, and 
therefore, may be a viable option for re-colonization efforts.” (Smith et al. 2011).  An  option to 
use broodstock from the McCall FH would release adults  that are genetically similar to the 
Chinook salmon currently found in Panther Creek, and at the same time would likely increase the 
effective population size and the diversity of  age and sex ratio of fish represented in  the current 
population.  However, prolonged and intensive stocking of South Fork fish (i.e. McCall FH 
stock) in the Upper Salmon MPG may pose a genetic risk to the native populations in the 
vicinity.  Therefore, a successful re-introduction strategy would include harvest opportunities for 
treaty and non-treaty fisheries while limiting the genetic impacts on the adjacent native 
populations.  The established genetic baseline provides an important basis from which the 
success of re-introduction efforts may be monitored.  
 
In 2011, the Tribes collected additional Chinook salmon samples for genetic analysis.  This 
information will be available in 2012 and should provide insight into correctly classifying the 
existing population in Panther Creek. 
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Review of NOAA’s Draft (in progress) Reintroduction Report 
 
The draft report provides “…recommendations for planning reintroductions of anadromous 
salmonids.  These guidelines are intended to help design reintroduction programs that establish 
or expand self-sustaining natural populations that contribute to the recovery of salmon and 
steelhead listed under the Endangered Species Act (ESA).”   
 
NOAA Fisheries considers Panther Creek as an extirpated population.  Because five of nine 
Upper Salmon MPG populations are needed to be viable for recovery purposes, a “…Panther 
Creek population is not essential for MPG viability.  Although historically isolated, it offers a 
moderate ESU-level potential to improve connectivity between populations in the Middle Fork 
and Upper Salmon River MPGs.” 
 
NOAA Fisheries’ draft conclusions on Panther Creek state: “Natural recolonization seems 
unlikely due to the population’s isolation, and within-MPG populations are unlikely to be able to 
sustain harvest of   natural origin spawners for transplanting due to low abundances.  Thus 
hatchery releases, either transplanted surplus hatchery adults or hatchery juveniles, may be the 
most effective means for reintroduction.  These should be sources from either of the two 
hatcheries within the MPG: Pahsimeroi or Sawtooth.  Owing to the long history of hatchery 
stocking in this area, we recommend that focused monitoring should be conducted to confirm 
that there is no natural spawning, even at low abundances, before proceeding to hatchery 
reintroduction.  There is some indication of spawning in Panther Creek in recent years, and even 
a low abundance population could expand if the habitat conditions were of sufficient quality.  An 
intermittent, low abundance population may indicate that poor habitat quality, rather than 
dispersal into the habitat, limits abundance.  Moreover, past reintroduction failures in Panther 
Creek and the TRT’s emphasis on building extant natural production suggest that reintroduction 
opportunities elsewhere should be prioritized.” [The Tribes note  
 
In contrast to initiating a re-introduction to establish a self-sustaining population, the purpose of 
the Tribes’ reintroduction of Chinook salmon into Panther Creek is primarily for ceremonial and 
subsistence harvest.  Secondarily, a localized Chinook salmon population would be established 
that has the potential to contribute to recovery (become self-sustaining) should management 
objectives and actions change in the future. 
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ISRP Comments 
 
In its comments on the Tribes’ Supplementation, Monitoring and Evaluation Program (ISRP 
2011-16), the ISRP questioned the feasibility of Chinook salmon supplementation programs in 
Yankee Fork and Panther Creek to establish self-sustaining populations.  The ISRP expressed 
concern that habitat conditions were not conducive to achieving the conservation objective and 
that success of such programs was unclear.  For example, the ISRP indicated that natural-origin 
returns would need to increase 38-fold in Yankee Fork to achieve threshold viability abundance. 
 
The ISRP suggested that “An alternative that the Shoshone-Bannock Tribes may want to 
consider is developing artificial production at these locations with the primary objective of 
creating terminal harvest opportunities to meet tribal harvest goals.”  Such harvest programs 
should “…not interfere with restoration of adjacent independent populations to viable status.”  
And, “…with appropriate monitoring, they could consider active re-introductions when habitat 
and fish survival conditions improve sufficiently to allow a self-sustaining natural population.” 
The ISRP made the same recommendations in its review of the Crystal Springs Fish Hatchery 
program Master Plan (ISRP 2011-17).  The Tribes agree with these ISRP suggestions. 
 
 
Discussion 
 
The genetics analysis and annual spawning ground surveys confirm the Tribes’ hypothesis that 
habitat in Panther Creek is capable of supporting Chinook salmon.  The Tribes are also 
committed to providing long-term habitat projects to protect spawning habitat in the upper 
reaches of the Panther Creek watershed.  In 2011 alone, the Tribes installed over five miles of 
riparian fencing.  This and other future habitat projects will improve the likelihood that 
reintroduction efforts are successful.    
 
Available information indicates that the juvenile Chinook salmon samples displayed McCall FH 
ancestry while the adult samples mostly indicate Rapid River FH ancestry; the two Chinook 
salmon stocks known to have been released in Panther Creek.  Both McCall and Rapid River FH 
are located in the South Fork MPG, not the Upper Salmon MPG in which Panther Creek is now 
assigned.  There is, as yet, no evidence of any significant presence of Upper Salmon or Middle 
Fork MPG fish naturally re-colonizing Panther Creek.   
 
Three known attempts (using two stocks) have been made to reintroduce Chinook salmon into 
Panther Creek, in 1977, 1986 and 2001. These efforts were neither sustained nor followed what 
are now considered appropriate procedures for a successful reintroduction as explained in the 
draft NOAA Fisheries’ reintroduction report.  By today’s standards, the Chinook salmon released 
into Panther Creek were not of the proper source population, were not released in sufficient 
quantity and were not released over a sufficient period of time (1-2 generations rather than single 
years) to effect a successful reintroduction.  Yet, there are now naturally spawning and ESA-
listed Chinook salmon in Panther Creek; a bit of a conundrum.   
 
Considering the ISRP comments and other information summarized above, the Tribes are 
looking to proceed with a properly planned, implemented and monitored reintroduction of 
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Chinook salmon into Panther Creek with a goal of providing ceremonial and subsistence harvest 
for its members.  Secondarily, a localized population of Chinook salmon in Panther Creek could 
potentially provide a future option for creating a self-sustaining, locally-adapted population 
should there be 1) a management need and 2) if biological information from an M&E program 
indicated feasibility.  This reintroduction would be implemented consistently through the Tribes’ 
Crystal Springs Fish Hatchery Program and its Supplementation, Monitoring and Evaluation 
Program (SMEP). 
 
Depending on the broodstock selected for the program (see below) the Tribes could initiate 
reintroduction through the SMEP while the planning and construction of Crystal Springs 
Hatchery proceeds.  For example, should Pahsimeroi FH be the source of broodstock, an egg out-
planting program could be initiated to accelerate the reintroduction, followed by smolt releases 
later.  Alternatively, should McCall FH be chosen as the source of broodstock, additional surplus 
adults could be transplanted to Panther Creek pending completion of Crystal Springs Hatchery. 
 
Broodstock Selection 
 
The subject of this paper is the selection of broodstock for reintroduction of Chinook salmon into 
Panther Creek given the previously described, complicating information.  The benefits and risks 
of a suite of options are described.  Options 2 – 5 have a three tiered broodstock priority as 
described below, when adults are available and necessary facilities are in place: 
 
Broodstock Priority 1: Use natural-origin recruits (NOR) returning to Panther Creek, (with a 
maximum removal for brood of 50% of the run). 
Broodstock Priority 2: Use hatchery-origin recruits (HOR) returning to Panther Creek with a 
maximum of 90% of the brood to be HORs (i.e. 10% NORs) 
Broodstock Priority 3: HOR adults from a selected fish hatchery; number to be determined by 
transplanting objectives in Panther Creek for harvest, broodstock and natural spawning (as 
described in the Master Plan).  
 
 
Option 1: Natural re-colonization of Panther Creek from Chinook salmon presently 
spawning in the watershed and from strays of other natural populations and hatcheries.  
 
Pros: 

• Low cost; no transplanting or propagation costs. 
• For a potential conservation purpose, natural colonization prevents interruption of 

fundamental biological processes. 
• Least risk to viability parameters. 
• Avoids any ESA process issues 
• Panther Creek population is not believed to be essential for MPG viability or ESU 

recovery 
Cons: 

• Natural colonization, if successful, does not currently meet the Tribes’ objectives for 
ceremonial and subsistence harvest. 
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•  Natural colonization, if successful, would not occur in a timeframe to allow any level of 
meaningful harvest by the Tribes. 

• Chinook salmon currently reproducing in Panther Creek are not of the Upper Salmon 
MPG. 

• Per NOAA Fisheries’ draft guidance, Chinook salmon currently reproducing in Panther 
Creek may not contribute to ESA recovery since they did not originate from within the 
MPG. 

• Chinook salmon currently reproducing in Panther Creek originated from distant 
populations, likely through hatchery transplants, and may not be best adapted to the 
habitat in the long term. 

• Chinook straying from Panther Creek could be detrimental to Upper Salmon and Middle 
Fork MPGs. 

• Given passage through eight dams, mixed stock harvest, and climate change, prolonged 
natural reproduction starting from current low abundances may be at higher risk of 
extinction. 

• Not a good control population for evaluating artificial propagation strategies as existing 
fish originated from infrequent hatchery transplants. 

 
 
Option 2:  Establish hatchery broodstock from returning Panther Creek Chinook salmon 
(this option requires waiting until Crystal Springs FH and adult collection facilities in Panther 
Creek are constructed) 
 
Pros: 

• Takes advantage of any local adaptation that has occurred over two generations since 
2001 (although significance unknown). 

• Avoids any ESA process issues that might arise from a reintroduction with broodstock 
from another population or hatchery program.  

Cons: 
• Extends significantly, if not indefinitely, the timeline for achieving the Tribes’ harvest 

objective. 
• Starting a hatchery broodstock from a small population with unknown diversity in run-

timing, spawn-time, sex ratios, and age classes may limit long-term viability and 
productivity. 

• Chinook salmon currently reproducing in Panther Creek are not of the Upper Salmon 
MPG. 

• Per NOAA Fisheries’ draft guidance, Chinook salmon currently reproducing in Panther 
Creek may not contribute to ESA recovery. 

• Chinook currently reproducing in Panther Creek originated from distant populations and 
may not be best adapted to the habitat in the long term. 
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• The Chinook salmon run in Panther Creek may be too small to sustain any “mining” of 
fish for a hatchery broodstock. 

• Hatchery broodstock would have even smaller effective population size due to assumed 
limits on removal of adults for broodstock. 

• Relying on the existing, small Panther Creek population increases the risk of its extinction 
due to reoccurrence of poor freshwater or ocean survival rates. 

• Chinook salmon straying from Panther Creek could be detrimental to Upper and Middle 
Fork MPGs. 

 
The Tribes’ proposed production program requires 214 adults for broodstock, exceeding the total 
likely escapement to Panther Creek in 2010 and 2011 of about 180 adults assuming a 2.5 fish/red 
ratio.  Under Option 2, broodstock collection might be allowed to take at most, half of the 
returning fish or about 90 Chinook salmon assuming runs equal the peaks recently observed.  
 
 
Option 3: Continue supplementing Panther Creek Chinook salmon escapement with surplus 
fish from McCall FH while facilities are established for collecting returning adults in Panther 
Creek and rearing juveniles at Crystal Springs FH. 
 
Surplus adults from McCall FH would be released again into Panther Creek until NOR and HOR 
adults returning to Panther Creek exceed management objectives as outlined in the Master Plan 
(i.e. 1,000 fish/year average over 4 years). Upon achievement of the adult escapement objective, 
McCall FH surplus fish would no longer be transplanted and the hatchery program would use 
only Panther Creek returns for broodstock.   
 
Pros: 

• Allows the Tribes to regain ceremonial and subsistence harvest in a timely and certain 
manner relative to Options 1 or 2. 

• Continues use of the same stock that presently populates Panther Creek. 
• McCall FH is a reliable supply of surplus Chinook salmon for Phase 1 (as described in 

Master Plan). 
• Expands diversity of existing Panther Creek population by using adults with a range of 

run and spawn timing, appropriate sex ratios and age classes, likely offering a more 
successful long-term strategy for sustainability.  

• Reduces extinction risk of the colonizing population in Panther Creek by increasing 
abundance (NOR + HOR).  Current IDFG index redd counts are stable, but at low levels. 

• The McCall FH stock is proving itself to be somewhat adaptable to Panther Creek 
habitat; this offers some certainty of success. 

• Provides a significant added increment of natural spawning fish to Panther Creek rather 
than removing fish for broodstock and making a small natural population smaller.  

• Allows the Panther Creek population to potentially adapt to its habitat in Phase 2 from a 
much larger population size with greater diversity,  
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• Adaptive advantages of the existing population are likely to be small (two generations) 
and no genetic legacy is at risk. 

• A Panther Creek population is not essential to recovery of the MPG or ESU. 
Cons: 

• Chinook salmon currently reproducing in Panther Creek are not of the Upper Salmon 
MPG. 

• Per NOAA Fisheries’ draft guidance, Chinook salmon currently reproducing in Panther 
Creek and further supplemented with McCall FH stock may not contribute to ESA 
recovery. 

• Chinook salmon currently reproducing in Panther Creek appear to have originated from 
McCall FH and Rapid River FH which are distant populations and may not be best 
adapted to the habitat in the long term. 

• Requires a NOAA Fisheries decision about continuing re-colonization with a non-MPG 
stock. 

• Likely resistance from Nez Perce Tribe and potentially IDFG on use of McCall FH 
surplus adults. 

• Long hauling distance and high costs for transplanting adults for 4-8 years. 
• Chinook salmon straying from Panther Creek could be detrimental to Upper Salmon and 

Middle Fork MPGs. 
 
 
Option 4: Supplement Panther Creek Chinook salmon escapement with surplus progeny 
from Pahsimeroi FH while facilities are being established for collection of returning adults in 
Panther Creek and rearing juveniles at Crystal Springs FH. 
 
Surplus eyed-eggs from Pahsimeroi FH would initially be planted into Panther Creek to increase 
the Chinook salmon run into Panther Creek (note: due to whirling disease in the Pahsimeroi 
River, transplanting of surplus adults is ill-advised).  Once Crystal Springs Hatchery is 
completed egg planting would be discontinued and the smolt program would begin with 
broodstock collected from Panther Creek or eggs from Pahsimeroi FH, per the broodstock 
priorities listed earlier. 
 
Pros: 

• Allows the Tribes to regain ceremonial and subsistence harvest in a more timely and 
certain manner relative to Options 1, 2, 5 and perhaps 3. 

• After several false starts, the reintroduction program would be reinitiated with Chinook 
salmon from within the MPG and from the closest population. 

• From within the MPG, the Pahsimeroi FH stock is likely to be most adapted to Panther 
Creek habitat. 

• Pahsimeroi FH has a regular surplus of eggs to support a reintroduction program. 
• Chinook salmon established in Panther Creek would contribute to MPG and ESA 

recovery. 
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• Avoids any ESA process issues that might arise from a reintroduction with broodstock 
from another MPG.  

• Costs for transplanting eggs from Pahsimeroi FH would be less than transplanting adults 
from McCall FH. 

• Sustained egg transplanting and then smolt production of Pahsimeroi stock Chinook 
salmon in Panther Creek should swamp effects of existing NOR fish that originated from 
outside the MPG.   

• A Panther Creek population is not believed to be essential for MPG viability or ESU 
recovery 

Cons: 
• Would require introducing a new Chinook salmon population into Panther Creek on top 

of existing NOR Chinook. 
• Productivity of Pahsimeroi Chinook salmon in Panther Creek is uncertain relative to the 

existing fish that largely originated from McCall FH and Rapid River ancestry. 
• Whirling disease in Pahsimeroi Chinook salmon will not allow transplanting adults.  A 

reintroduction program could be initiated with an egg box program pending operation of 
Crystal Springs FH. 

• Lack of adult transplanting could delay the timeline for achieving the Tribes’ harvest 
objective. 

• Requires a NOAA Fisheries decision about reinitiating colonization from a new 
population of Chinook salmon. 

 
 
Option 5: Supplement Panther Creek Chinook salmon escapement with surplus adults from 
Sawtooth FH while facilities are being established for collecting returning adults in Panther 
Creek and rearing juveniles at Crystal Springs FH. 
 
Surplus adults from Sawtooth FH (or possibly the Yankee Fork program) would be released into 
Panther Creek until NOR and HOR adults returning to Panther Creek exceed management 
objectives as outlined in the Master Plan (i.e. 1,000 fish/year average over 4 years). Upon 
achievement of the adult escapement objective,  
Sawtooth FH surplus adults would no longer be transplanted and the hatchery program would 
use only Panther Creek returns for broodstock to produce smolts.   
 
Pros: 

• Allows the Tribes to regain ceremonial and subsistence harvest in a more timely and 
certain manner relative to Options 1 and 2. 

• After several false starts, reintroduction program would be reinitiated with Chinook 
salmon from within the MPG, although not from the closest MPG population. 

• Cost of transporting adults would be moderate (less than from McCall FH). 
• A Panther Creek population is not believed to be essential for MPG viability or ESU 

recovery 
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• Avoids any ESA process issues that might arise from a reintroduction with broodstock 
from another MPG.  

Cons: 
• Supply of surplus HOR fish from Sawtooth FH or Yankee Fork is uncertain and likely 

limited. Uncertain supply of fish for transplanting would delay the timeline for achieving 
the Tribes’ harvest objective.  Sawtooth and Yankee Fork spring type Chinook salmon 
may not be well adapted to lower elevation habitat that may better support a summer-type 
Chinook salmon population. 

• Would require introducing a new Chinook salmon population into Panther Creek on top 
of existing NOR Chinook. 

• Productivity of Sawtooth FH or Yankee Fork Chinook salmon in Panther Creek is 
uncertain relative to the existing fish that largely originated from McCall and Rapid River 
FHs. 

• Requires a NOAA Fisheries’ decision about reinitiating colonization from a new 
population of Chinook salmon. 

 
 
Assumed ESA implications 
 
The Panther Creek situation presents a bit of a scientific and policy conundrum.  NOR Chinook 
salmon are again reproducing in Panther Creek and these fish are ESA-listed.  As such, scientific 
and policy guidance for conservation purposes would normally have any future management or 
propagation program based on these existing fish.  However, genetic analysis indicates that the 
existing NOR Chinook salmon in Panther Creek originated primarily from past, (and approved) 
transplants of Chinook salmon from outside the MPG.  Current NOAA Fisheries’ draft guidance 
indicates that if left alone, these existing NOR Chinook salmon might not be deemed to 
contribute to MPG and ESU recovery, although ESA-listed. 
 
For whatever option is selected, other than option 1, NOAA may need to undertake a unique 
Section 7 consultation.  
 
Proposal 
 
The Tribes recognize the unique scientific and policy situation surrounding Panther Creek.  
Fortunately, Panther Creek Chinook salmon are not essential to MPG or ESU recovery which 
offers flexibility in establishing a management program to achieve a harvest objective and 
potentially provides future conservation opportunities, if needed.  The confounding issues 
surrounding Panther Creek Chinook salmon should not delay the need to move forward on a well 
designed, executed and evaluated Chinook salmon management program. 
 
The Tribes propose to proceed with planning on either Option 3 or Option 4 based on guidance 
from NOAA Fisheries on which option would be most consistent with conservation objectives of 
the ESA.  Either option should meet the Tribes’ harvest objectives.  In the meantime, the Tribes 
will continue to monitor escapement in Panther Creek and collect additional genetic information.  
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Prior to transplanting adults from McCall or eggs from Pahsimeroi FH, and initiating a Crystal 
Springs FH broodstock, the Tribes will review the most current information with NOAA 
Fisheries to confirm the planned management program.  Also, in the meantime, should natural 
escapements achieve a level of about 500 Chinook salmon, the Tribes would meet with NOAA 
Fisheries to reconsider implementing Option 2.  
 

Figure 1:  Major Population Groups and Independent Populations in the Snake River 
Spring/Summer Chinook Salmon Evolutionarily Significant Unit.  
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Figure 2. Upper Salmon River Spring/Summer Chinook MPG and Independent 
Populations  
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Executive Summary 
The Bureau of Reclamation (Reclamation) and Bonneville Power Administration 
contribute to the implementation of salmonid habitat improvement projects in the upper 
Salmon subbasin to help meet commitments contained in the 2010 Supplemental Federal 
Columbia River Power System (FCRPS) Biological Opinion (BiOp) (NOAA Fisheries 
2010).  The BiOp includes a Reasonable and Prudent Alternative (RPA), or a suite of 
actions, to protect listed salmon and steelhead across their life cycles.  Habitat 
improvement projects in various Columbia River tributaries are one aspect of this RPA.  
Reclamation provides technical assistance to states, tribes, federal agencies, and other 
local partners for identification, design, and construction of stream habitat improvement 
projects that primarily address streamflow, access, entrainment, and channel complexity 
limiting factors.  Reclamation’s contributions to habitat improvement are all meant to be 
within the framework of the FCRPS RPA or related commitments.  This Tributary 
Assessment (TA) provides scientific information for the Yankee Fork of the Salmon River 
(Yankee Fork) watershed that can be used to address key limiting factors to protect and 
improve survival of salmon and steelhead listed under the Endangered Species Act (ESA). 

The purpose of this Yankee Fork TA is to provide information that describes (1) the large 
scale physical processes occurring within the watershed; (2) the basis for delineation of 
geomorphic reaches within the assessment area; and (3) identifies geomorphic reaches that 
have the greatest potential for improving physical and ecologic processes, reconnecting 
isolated habitats, and improving habitat quantity and quality.  Subsequent reach-scale and 
project-scale assessments will need to collect and analyze additional data at an appropriate 
scale, but these efforts can focus on those valley segments and geomorphic reaches most 
suitable for and with the greatest potential for habitat improvement. 

The Yankee Fork is located in Custer County, Idaho, and is one of the major tributaries to 
the Salmon River.  The Yankee Fork drainage area covers about 122,000 acres and the 
river flows south about 28 miles from its headwaters in the Salmon-Challis National 
Forest to the Salmon River near river mile (RM) 368 near Sunbeam, Idaho. 

Fish species of interest in the Yankee Fork are as follows: 

• Spring/summer Chinook salmon (Oncorhynchus tshawytscha) listed as endangered 
by NOAA’s National Marine Fisheries Service (NOAA Fisheries Service) on 
April 22, 1992 (57 FR 57051) and their threatened status was reaffirmed on June 
28, 2005 (70 FR 37160). 

• Summer steelhead (Oncorhynchus mykiss) listed as threatened on August 18, 1997 
(62 FR 43937) and their threatened status was reaffirmed on January 5, 2006 (71 
FR 834). 



Yankee Fork Tributary Assessment 

2 January 2012 

• Bull trout (Salvelinus confluentus) listed as threatened on June 10, 1998 (63 FR 
31647). 

• Westslope cutthroat trout (Oncorhynchus clarki lewisi) considered a sensitive 
species by the U.S. Forest Service (USFS), Region 4.  The Yankee Fork has been 
identified as a “key” watershed for this species (USFWS 1999). 

• Pacific lamprey (Entosphenus tridentatus) state-listed endangered species in Idaho, 
designated as a tribal trust species, and a species of “special” concern for the U.S. 
Fish and Wildlife Service (USFWS) (USFWS 2010). 

A limiting factor is a “condition that limits the ability of habitat to fully sustain 
populations of salmon” (State of Washington 1998 Engrossed Substitute House Bill 
77RCW).  Limiting factors that were identified in the Draft Salmon Subbasin Assessment 
(NWPC 2004) for the Yankee Fork watershed generally included habitat fragmentation 
and connectivity, habitat quantity and quality, and water quality.  Habitat fragmentation 
and connectivity, and habitat quantity and quality are the primary limiting factors (Table 
1) within the Yankee Fork watershed affecting the abundance, productivity, spatial 
structure, and genetic diversity of the fish species of concern. 

Currently, water quality does not negatively impact the fish species of concern (IDEQ 
2003; SBT 2011; Appendix B).  Habitat fragmentation, tributary connectivity, and 
reduced riparian zone structure are factors that lead to reduced carbon inputs to the stream 
that in turn leads to reduced nutrients available to sustain healthy trophic levels.  The 
reduced nutrients lead to a reduction in primary and secondary production in a system.  
With lower primary production, there is less food available for the lower trophic levels 
such as macroinvertebrates, which in turn leads to less food for rearing salmon.  Past and 
ongoing mining activities have impacted the system a great deal.  However, these impacts 
have been most prominent in habitat disturbance and connectivity.  Sediment surveys have 
shown that while there are areas of concern, generally there is a low risk associated from 
chemical contamination. 
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Table 1.  Summary table of Yankee Fork watershed limiting factors and casual factors. 

Limiting Factors Causal Factors 

Habitat 
fragmentation and 
connectivity 

The relocated channel through the dredge tailings has resulted in a simplified channel 
configuration that confines flows within the channel and between dredge tailings with 
little or no channel/floodplain interactions.  Historic floodplain areas along the Yankee 
Fork between Jordan Creek and the West Fork of the Yankee Fork (West Fork) have 
been disconnected by dredge tailings.  These floodplain areas provided important high-
water refugia and rearing habitat for juveniles during biologically significant flows. 

Dredge tailings have disconnected (isolated) Silver Creek and Jerrys Creek from the 
Yankee Fork.  There are some culvert crossings that have been identified by USFS as 
potential fish passage barriers between tributaries and the Yankee Fork on public lands.  
Other crossings on private lands have not been evaluated for fish passage barriers and 
are considered a data gap. 

Habitat quantity 
and quality 

Placer mining (i.e., dredging) has altered the fluvial processes that create and maintain 
complex habitat units.  The mining activities have resulted in the removal of riparian 
vegetation and relocation of the channel through dredge tailings.  The most significant 
impact areas are between Jordan Creek and the West Fork along the Yankee Fork; and 
to a lesser degree, the dredge tailings from the West Fork to Pole Flat Campground 
along the Yankee Fork, and some locations along Jordan Creek. 

 

Valley segments and geomorphic reaches were delineated along the Yankee Fork in the 
middle and lower Yankee Fork subwatersheds; and along lower Jordan Creek in the 
Jordan Creek subwatershed.  The geomorphic reaches were coincident with the valley 
segments and are located as follows: 

• In the middle Yankee Fork subwatershed, three geomorphic reaches were 
identified (upstream to downstream):  (1) Reach YF-6 from RM 16.5 to 13.3; (2) 
Reach YF-5 from RM 13.3 to 11.7; and (3) Reach YF-4 from RM 11.7 to 9.1. 

• In the lower Yankee Fork subwatershed, three geomorphic reaches were identified:  
(1) Reach YF-3 from RM 9.1 to 6.8; (2) Reach YF-2 from RM 6.8 to 3; and (3) 
Reach YF-1 from RM 3 to the Yankee Fork/Salmon River confluence. 

• Two geomorphic reaches were identified in the Jordan Creek subwatershed:  (1) 
Reach JC-2 from RM 4 to 1.4; and (2) Reach JC-1 from RM 1.4 to the Yankee 
Fork/Jordan Creek confluence. 

The following are summaries of each geomorphic reach: 

• Yankee Fork Reach YF-6:  Chinook salmon and steelhead use this reach for 
migration, spawning, and rearing.  The river is unconfined and has a 
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predominantly straight, free-formed alluvial channel and good channel/floodplain 
interactions.  Physical and ecological processes have been negatively impacted 
primarily from past timber harvests in the late 1800s and early 1900s along the 
valley bottoms and margins.  The riverine system is on a recovering trend as the 
vegetation progresses through varying successional stages.  Other anthropogenic 
impacts do not significantly affect physical or ecological processes that contribute 
to habitat quantity and quality at the reach-scale.  Essentially, the reach-scale 
processes that control channel morphology and habitat structure are within the 
range of variability that should be expected for this system. 

• Yankee Fork Reach YF-5:  Chinook salmon, steelhead, and other fish species use 
this reach primarily as a migratory corridor.  The river is confined within a V-
shaped canyon and the predominant channel type is bedrock with a straight 
channel planform.  There are no anthropogenic impacts that negatively affect 
reach-scale processes, and the channel morphology and habitat structure are within 
the expected range of variability for a bedrock channel. 

• Yankee Fork Reach YF-4:  Chinook salmon and steelhead use this reach for 
migration, spawning, and juvenile rearing.  The river is moderately confined with a 
predominantly straight, free-formed alluvial channel.  Channel/floodplain 
interactions are occurring in the lower section from RM 10.3 to 9.1.  Past timber 
harvests, mining, and development have changed the species assemblage and 
successional stages from pre-European settlement time in this reach (Overton et al. 
1999).  Reach-scale processes are strongly influenced by the type of vegetation 
and successional stage which influences channel morphology and habitat 
arrangement.  There are also localized anthropogenic impacts that affect physical 
processes and habitat quantity and quality that include:  (1) small floodplain areas 
disconnected by a levee and deflection berm, and (2) a bridge crossing near RM 
10.9 (General’s Bridge) that constricts the channel.  However, the overall impact 
of these features on reach-scale channel processes and floodplain connectivity are 
minimal. 

• Yankee Fork Reach YF-3:  Chinook salmon use this reach for migration, 
spawning, and juvenile rearing, and steelhead use it for migration and juvenile 
rearing.  The river is presently confined by dredge tailings and has a 
predominantly straight, free-formed alluvial channel.  Prior to dredging, much of 
this reach was unconfined and maintained a straight channel pattern with some 
meandering channel segments and connected channel/floodplain interactions.  The 
dredging operations involved rerouting the Yankee Fork and disconnecting it from 
its floodplain; and on the West Fork the lower channel segment was rerouted and 
artificially constrained by dredge piles.  Historically, the Yankee Fork and West 
Fork confluence area had a broad floodplain in which the two unconfined channels 
dynamically interacted.  The channels migrated across their floodplains which 



 Yankee Fork Tributary Assessment 
 

January 2012 5 

progressively changed where and how the channels converged.  These dynamic 
interactions resulted in varying hydraulic conditions that created and maintained a 
mosaic of habitat patches.  Presently, the new channel configurations and location 
of channel convergence are now static and the hydraulic conditions no longer 
create the mosaic of habitat patches. 

• Yankee Fork Reach YF-2:  Chinook salmon and steelhead use this reach for 
migration, spawning, and juvenile rearing.  Presently, the river is predominantly 
confined by dredge tailings and maintains a straight, free-formed alluvial channel 
that has a plane-bed and cobble is the dominant substrate.  Prior to dredging, this 
reach was moderately confined by higher surfaces (comprised primarily of glacial 
outwash), alluvial fans and bedrock, and maintained a straight, free-formed 
alluvial channel similar to the present channel.  The difference between the pre-
dredge channel and the present channel is the degree of channel confinement.  By 
increasing channel confinement between dredge piles, the geometry of the cross 
sectional area of the channel and floodplain has a narrower width which must 
convey the same peak flows, resulting in increases to water depth, flow velocity, 
and sediment transport capacity. 

Other significant anthropogenic impacts include:  (1) tailing piles disconnecting 
Jerrys Creek and Silver Creek (perennial tributaries) from the Yankee Fork that 
most likely provided juvenile rearing habitat for both Chinook salmon and 
steelhead in the low gradient sections along the valley floor, and steelhead rearing 
and spawning habitat in the higher gradient sections along the valley wall (Bureau 
of Fisheries Stream Survey in 1934 that reported many fingerlings observed in the 
lower quarter mile section of Silver Creek);  (2) removal of vegetation and 
reworking of topsoil within the dredged area leaving behind tailing piles of mixed 
unconsolidated alluvium with the coarse fraction remaining at the surface;  (3) 
lateral channel migration into the tailing piles has been occurring at a very slow 
rate and is restricted because the tailings tend to be “self-armoring” as finer 
materials (i.e., sand and gravel) are eroded and transported downstream leaving 
behind coarser materials (i.e., cobbles and boulders) along the toe; and (4) the 
lower section of Ramey Creek has been channelized and peak flows are confined 
to within the channel and not dissipated across its alluvial fan resulting in 
increased water depth, flow velocity, and sediment transport capacity. 

• Yankee Fork Reach YF-1:  Chinook salmon, steelhead, and other species use this 
reach primarily as a migratory corridor.  The river flows through a V-shaped 
canyon and the channel is confined by bedrock and talus.  The river has a bedrock 
channel type with predominantly a step-pool bedform and high sediment transport 
capacity.  There are some anthropogenic impacts from road embankments 
encroaching on the channel and floodplain, and a bridge crossing that constricts 
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the channel.  However, these anthropogenic disturbances do not significantly 
impact physical processes or habitat quantity and quality at the reach scale. 

• Jordan Creek Reach JC-2:  Steelhead use this reach for spawning and juvenile 
rearing, and there is some Chinook salmon juvenile rearing habitat.  The creek 
flows through a moderately confined valley segment that is constrained by bedrock 
with colluvial, glacial, alluvial fan, and landslide deposits.  The channel type is 
predominantly a bedrock channel with alternating plane-bed and pool-riffle 
bedforms and has a straight channel pattern.  Channel slope is about 2.9 percent 
with a cobble-dominated substrate with boulders and bedrock common.  
Anthropogenic features that constrict the valley bottom are primarily the Loon 
Creek Road embankment, mine tailings, and spoil piles.  There are three bridge 
crossings that constrict the channel near RM 3.6, 3.2, and 2.1.  However, none of 
these anthropogenic features have a significant impact on reach-scale channel 
processes.  Essentially, the bedform and in-stream structure and resulting habitat is 
within the range of variability that should be expected for the channel type and 
physical characteristics for this reach. 

• Jordan Creek Reach JC-1:  Chinook salmon and steelhead use this reach 
primarily for juvenile rearing.  The creek flows through a V-shaped alluvial valley 
that moderately confines the channel.  Channel type is predominantly a plane-bed, 
free-formed alluvial channel that has a straight channel pattern indicating a low 
rate of lateral channel migration.  Past dredging and hydraulic mining operations 
have resulted in the relocation of Jordan Creek.  Other anthropogenic impacts 
include:  (1) removal of vegetation along the valley bottom from mining 
operations and construction of the Loon Creek Road; (2) two bridge crossings that 
do not significantly impact channel processes because they were built in locations 
where the channel was already constricted by dredge tailings near RM 0.9 and RM 
0.1; (3) a wetland mitigation project that included the removal and/or modification 
of mine tailings to improve channel/floodplain interactions was completed in 1993 
between RM 0.4 and the Custer Motorway Bridge; and (4) channelizing the creek 
through mine tailings between about RM 0.1 to the Yankee Fork/Jordan Creek 
confluence. 

The following are the geomorphic reaches in order of their potential to improve physical 
processes and habitat quantity and quality, along with their needs for further assessment: 

1. Yankee Fork Reach YF-3:  The physical and ecological processes have been 
significantly impacted by dredging operations in this reach.  Dredge piles 
artificially constrain the Yankee Fork and West Fork channels, disconnect 
relatively large floodplain areas from the Yankee Fork, and have changed the 
convergence between the Yankee Fork and West Fork from a dynamic interaction 
that created a mosaic of habitat patches to a static condition that no longer 
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provides the complex habitat types.  A more detailed reach assessment, potentially 
involving a more complex hydraulic model, is needed to evaluate current physical 
and ecologic processes, and to evaluate the overall potential to improve these 
processes and their benefit and risks to the resource. 

2. Yankee Fork Reach YF-2:  The Shoshone Bannock Tribes (Tribes) have worked 
with consultants and stakeholders on implementing habitat projects in this reach.  
Alternatives should continue to be pursued to reconnect isolated tributaries and 
improve channel/floodplain interactions.  In addition, the four dredge pond series 
have the potential to provide replacement of juvenile rearing habitat that was lost 
when dredging obliterated the lower sections of some tributaries.  If flows were 
increased into these pond series, it would also reduce peak flows in the mainstem 
Yankee Fork, resulting in a reduction in sediment transport capacity and lower 
flow velocities, which would improve spawning gravel retention and juvenile fish 
movement.  All relevant environmental parameters, such as those used in NOAA 
Fisheries (1996) Matrix of Pathways and Indicators or U.S. Fish and Wildlife 
Service’s (1998) Matrix of Diagnostics/Pathways and Indicators, should be 
measured prior to implementation of any rehabilitation project to characterize the 
current environmental conditions.  This information provides an environmental 
“baseline” that can be used to predict the effects of rehabilitation actions, and to 
detect changes following implementation of the actions (i.e., effectiveness 
monitoring). 

3. Jordan Creek Reach JC-1:  A reach assessment is not necessary to address the 
localized anthropogenic impacts in this reach.  Modifications to localized channel 
constrictions (i.e., mine tailing and road embankments) could be pursued on a 
case-by-case basis dependent on landowner cooperation.  Replanting riparian 
vegetation (i.e., 30-foot buffer zone) to improve channel boundary roughness and 
ecologic connectivity could also be considered.  It is unlikely these actions would 
result in a reach-scale improvement that would significantly increase juvenile 
rearing habitat.  Essentially, the in-stream bedforms and structure and resulting 
habitat are within the range of variability that should be expected for the channel 
type and physical characteristics.  Also, it is unlikely that project implementation 
is feasible where placer mining activities continue (or are anticipated in the near 
future).  All relevant environmental parameters should be measured as part of any 
alternatives analysis to characterize environmental baseline conditions to predict 
potential effects of any action and for future effectiveness monitoring. 

4. Yankee Fork Reach YF-4:  Physical and ecological processes are negatively 
impacted primarily from past timber harvests along the valley bottoms and 
margins.  The riverine system appears to be on a recovering trend as vegetation 
progresses through varying successional stages, albeit at a slower rate due to 
continued recreational and private landowner usage.  Maintaining and actively 
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managing a riparian corridor (i.e., about 100-foot buffer zone) along both sides of 
the channel to insure proper species assemblage and improve growth rates would 
be an appropriate approach for long-term rehabilitation.  Addressing localized 
constrictions along the channel (i.e., levee, deflection berm, and bridge crossings) 
and identifying potential locations for large wood placements could be pursued on 
a case-by-case basis dependent on landowner cooperation.  All relevant 
environmental parameters should be measured as part of any alternatives analysis 
to characterize environmental baseline conditions to predict potential effects of 
any action and for future effectiveness monitoring. 

5. Yankee Fork Reach YF-6:  Physical and ecological processes have been 
negatively impacted primarily from past timber harvest along the valley bottoms 
and margins.  The riverine system appears to be on a recovering trend as the 
vegetation progresses through varying successional stages.  Active management of 
these stands to insure proper species assemblage and improve growth rates would 
be an appropriate approach for long-term rehabilitation.  Potential short-term 
rehabilitation approaches to increase availability of wood to the system could be 
pursued on a case-by-case basis which includes:  (1) ensuring that wood and 
sediment inputs from tributaries are not impeded by obstructions (i.e., undersized 
culverts), and (2) wood placement along the channel and floodplain if the 
anticipated ecologic benefits outweigh the disturbances to the channel or 
floodplain.  All relevant environmental parameters should be measured as part of 
any alternatives analysis to characterize environmental baseline conditions to 
predict potential effects of any action and for future effectiveness monitoring. 

6. Jordan Creek Reach JC-2:  A reach assessment is not necessary to address the 
localized anthropogenic impacts in this reach.  Specific alternatives could be 
pursued on a case-by-case basis to address the localized anthropogenic 
disturbances that constrict the channel and/or affect channel boundary roughness 
and ecological connectivity.  Essentially, the in-stream bedforms and structure and 
resulting habitat are within the range of variability that should be expected for the 
channel type and physical characteristics.  All relevant environmental parameters 
should be measured as part of any alternatives analysis to characterize 
environmental baseline conditions to predict potential effects of any action and for 
future effectiveness monitoring. 

7. Yankee Fork Reaches YF-5 and YF-1:  These geomorphic reaches are primarily 
Chinook salmon and steelhead migratory corridors.  In these reaches the river 
flows through V-shaped canyons that have bedrock type channels with 
predominantly step-pool bedforms.  There are no anthropogenic features that 
significantly impact reach-scale channel processes.  Therefore, no further 
assessments are recommended.  
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1. Overview 
The Bureau of Reclamation (Reclamation) and Bonneville Power Administration 
contribute to the implementation of salmonid habitat improvement projects in the upper 
Salmon subbasin to help meet commitments contained in the 2010 Supplemental Federal 
Columbia River Power System (FCRPS) Biological Opinion (BiOp) (NOAA Fisheries 
2010).  The BiOp includes a Reasonable and Prudent Alternative (RPA), or a suite of 
actions, to protect listed salmon and steelhead across their life cycles.  Habitat 
improvement projects in various Columbia River tributaries are one aspect of this RPA.  
Reclamation provides technical assistance to states, tribes, federal agencies, and other 
local partners for identification, design, and construction of stream habitat improvement 
projects that primarily address streamflow, access, entrainment, and channel complexity 
limiting factors.  Reclamation’s contributions to habitat improvement are all meant to be 
within the framework of the FCRPS RPA or related commitments.  This Tributary 
Assessment (TA) provides scientific information for the Yankee Fork of the Salmon River 
(Yankee Fork) watershed that can be used to address key limiting factors to protect and 
improve survival of salmon and steelhead listed under the Endangered Species Act (ESA). 

The TA is a first step in an approach to evaluate physical and ecological processes 
occurring at the tributary-scale.  The intent is to focus recovery efforts toward the most 
appropriate spatial scales (i.e., reach or project area) that have the greatest potential to 
benefit ESA-listed fish species (Figure 1).  Additional steps may include reach 
assessments to further evaluate how physical and ecological processes are affected at the 
reach-scale or alternatives evaluation, leading to design and construction at the project-
scale.  Relevant environmental parameters, such as those used in NOAA Fisheries (1996) 
Matrix of Pathways and Indicators, should be measured prior to implementation of any 
rehabilitation project to characterize the current environmental conditions.  This 
information provides an environmental “baseline” that can be used to predict the effects of 
rehabilitation actions, and to detect changes following implementation of the actions (i.e., 
effectiveness monitoring). 
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Figure 1.  Flow chart illustrating an approach to assess and develop potential rehabilitation 
actions. 

 

1.1 Purpose 

This TA evaluates tributary-scale features and processes for the purpose of understanding 
how these relatively large-scale components affect physical and ecological processes, and 
to identify geomorphic reaches with potential for habitat improvement efforts.  
Subsequent reach-scale and project-scale assessments can focus on smaller-scale 
components that affect physical processes within valley segments and/or geomorphic 
reaches that are most suitable for habitat improvement and have the greatest potential to 
address limiting factors. 

This assessment also attempts to answer specific questions that have been previously 
identified by the Independent Scientific Review Panel: 

1. Is there enough information to evaluate and prioritize proposed actions relative to 
each other within the Yankee Fork watershed?  An analysis of watershed 
conditions was completed using NOAA Fisheries’ (1996) matrix of pathways and 
indicators to identify potential systemic problems within the watershed (Section 7:  
Watershed Condition).  Further analysis was completed to delineate and prioritize 
geomorphic reaches based on the potential to improve reach-scale processes that 
address key limiting factors to protect and improve survival of salmon and 
steelhead (Section 8:  Valley Segments and Geomorphic Reaches). 
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2. What are the existing fish habitat conditions in terms of quality, quantity, and 
usage?  Information on historic and present fish usage was completed at the 
watershed-scale (Section 6:  Watershed Fish Usage and Supplementation).  Fish 
usage, habitat quality and quantity, and geomorphic processes are discussed at the 
geomorphic reach-scale (Section 8:  Valley Segments and Geomorphic Reaches). 

3. Have monitoring and evaluation plans been developed and will they be provided?  
Information on the supplementation and habitat enhancement programs, and 
monitoring efforts was completed at the watershed-scale (Section 6:  Watershed 
Fish Usage and Supplementation).  Evaluation of existing fish populations, 
specifically juvenile production, are identified as a data gap because analysis of 
existing fisheries data has not been completed (Section 1.3:  Limitations and Data 
Gaps). 

4. What are the impacts and effects from mercury and selenium contamination, if 
any?  Analysis of the impacts and effects of mercury and selenium was completed 
at the watershed-scale (Section 7.4:  Water Quality and Quantity). 

Additional questions identified by the Independent Scientific Review Panel that are not 
addressed as part of this assessment, but should be considered at the reach- or project-
scale include the following: 

5. Is there enough information to describe and evaluate existing fish populations 
(juvenile production specifically)? 

6. What are the quantitative biologic objectives of any proposed actions? 

7. What are the plans for addressing land access and long-term conservation 
easements in areas where actions are proposed (long-term sustainability of 
restoration)? 

8. What are the benefits and risks associated with proposed actions to fish and 
wildlife populations/resources? 

1.2 Methodology 

Work described in this report was accomplished by a multidisciplinary team with 
expertise in fisheries, hydrology, water quality, hydraulics, cultural resources, geology, 
and fluvial geomorphology. 

Key steps to produce this assessment were to: 

• Review existing information to identify data gaps and updates needed to provide 
technical information relevant to river process and habitat rehabilitation planning. 



Yankee Fork Tributary Assessment 

12 January 2012 

• Evaluate watershed factors that may limit the optimal biological usage (i.e., water 
quality). 

• Summarize monitoring and evaluation plans presently being conducted in the 
watershed and proposed future monitoring and evaluation plans. 

• Utilize geologic and geomorphic mapping, historical channel migration, and one-
dimensional hydraulic modeling to evaluate the coarse-scale habitat-forming 
physical processes and disturbance regimes from both historical and contemporary 
contexts. 

• Delineate and characterize geomorphic reaches on the basis of geomorphic 
settings, hydrology, and sediment transport function. 

• Describe historic and current fish usage at the watershed-scale, and current fish 
usage in each geomorphic reach. 

• Sequence geomorphic reaches on the basis of physical and ecological processes, 
and their potential to be physically modified to address the limiting factors. 

Key data sets developed and/or utilized in this assessment include 2009 and 2010 LiDAR 
(light detection and ranging) data and aerial photography, historical aerial photography 
(1945, 1952, 1966, 2004, and 2010), mining claim plat map (1935), historical channel 
mapping (1935, 1945, 1953, 1966, 2004, and 2010), geologic mapping (USGS 1995 and 
Link and Janecke 1999), and watershed-scale mapping of roads, fire history, timber 
harvest, vegetation, and land use by the U.S. Forest Service (USFS), Salmon-Challis 
National Forest.  In addition, detailed surficial geologic maps were developed specifically 
for this assessment.  A summary of available geographic information system (GIS) data is 
contained in Appendix A; and a map atlas (Yankee Fork Tributary Assessment Map Atlas) 
was developed to accompany this TA. 

1.3 Limitations and Data Gaps 

This report is intended for use by interdisciplinary scientists, engineers, and planners 
focusing on river processes and fish habitat recovery and rehabilitation efforts.  
Conclusions from this TA are intended to guide future Reach Assessments and project 
development as one tool among many others.  The primary use of the TA should be to 
guide habitat recovery actions toward valley segments and/or geomorphic reaches that 
have the greatest potential to improve physical and ecological processes that benefit the 
fish species of concern.  This document should not be used exclusively as the basis for 
project design.  Detailed reach and/or site-specific analyses should be conducted to 
identify the appropriate suite of actions, refine conceptual plans, and develop detailed 
designs for implementation. 
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The Independent Scientific Review Panel identified eight questions that in their view need 
to be answered in order to evaluate and prioritize proposed projects in the Yankee Fork 
subbasin (Review of the Yankee Fork Floodplain Restoration Project Implementation Plan 
for 2008 – 2018 [ISRP 2008]).  Four of these questions are addressed in this document 
that pertain to (1) prioritizing geomorphic reaches; (2) documentation of existing habitat 
conditions; (3) monitoring and evaluation; and (4) water quality, specifically mercury and 
selenium effects and impacts. 

The other four questions that are not addressed in this document pertain to (5) existing fish 
populations, specifically juvenile production; (6) quantitative biologic objectives for any 
proposed actions; (7) long-term land access and restoration sustainability; and (8) benefits 
and risks of proposed actions. 

Item (5) existing fish populations, specifically juvenile production, are a data gap due to 
the lack of analysis of existing fisheries data.  There have been over 20 years of fisheries 
data collected in the Yankee Fork and additional data is presently and will continue to be 
collected.  An analysis of available data is recommended to address, at a minimum, the 
following:  (a) condition of existing fish populations, (b) fish population trends, (c) 
juvenile outmigration and retention, (d) effects of fish supplementation, (e) comparison of 
fish populations with similar watersheds (reference watersheds), and (f) determination of 
in-basin and out-of-basin effects. 

The other items (Items 6, 7, and 8) need to be addressed at the appropriate spatial scale.  
Rehabilitation actions are typically implemented at the reach- or project-scale.  Baseline 
data, including biologic, ecologic, and physical conditions should be collected prior to any 
actions.  Analysis of the baseline data can be used to help quantify the biological 
objectives and the benefits/risks associated with an action.  In reference to “long-term” 
sustainability of a rehabilitation action, this item is project specific as it pertains to land 
access.  Each rehabilitation action will need to be defined based on the expected project 
life and negotiated with individual landowners. 

2. Introduction 

2.1 Geographic Location 

The upper Salmon subbasin is the largest in the Salmon River watershed and drains an 
area of about 14,000 square miles (mi2) (NWPC 2004).  The Yankee Fork is located in 
Custer County, Idaho, and constitutes one of the major tributaries to the Salmon River.  
The Yankee Fork drainage area covers about 122,000 acres and the river flows south 
about 28 miles from its headwaters in the Salmon-Challis National Forest to the Salmon 
River near river mile (RM) 368 near Sunbeam, Idaho (Figure 2). 



Yankee Fork Tributary Assessment 

14 January 2012 

2.2 Demographics 

Custer County is a rural mountain county that was established in 1881 (named for the 
General Custer Mine).  The county seat is located in Challis, which is also the center of 
the county’s population (http://www.usa.com/Custer-county-id.htm).  According to the 
2010 census, the county has a population of 4,368 
(http://quickfacts.census.gov/qfd/states/16/16037.html). 

The Federal Government manages over 93 percent of the land base of the county.  In 2005 
to 2009, the leading industries in Custer County were agriculture, forestry, fishing and 
hunting, and mining.  Among the employed sector, 52 percent were private wage and 
salary workers; 27 percent were Federal, State, or local government workers; and 20 
percent were self-employed (http://factfinder.census.gov). 
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Figure 2.  Yankee Fork watershed location within the upper Salmon subbasin. 
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2.3 Fish Species of Interest 

The Yankee Fork watershed fish species of interest are spring/summer Chinook salmon 
(Oncorhynchus tshawytscha), summer steelhead (Oncorhynchus mykiss), bull trout 
(Salvelinus confluentus), Westslope cutthroat trout (Oncorhynchus clarki lewisi), and 
Pacific lamprey (Entosphenus tridentatus). 

Spring/summer Chinook salmon are part of the Snake River Evolutionary Significant 
Units.  The Snake River spring/summer Chinook were listed as endangered by NOAA’s 
National Marine Fisheries Service (NOAA Fisheries Service) on April 22, 1992 (57 FR 
57051) and their threatened status was reaffirmed on June 28, 2005 (70 FR 37160).  The 
Yankee Fork population is a spring run and is one of eight remaining populations in the 
upper Salmon River Major Population Group (ICTRT 2010).  The Yankee Fork 
population is small and is made up of just one Major Spawning Area, which encompasses 
the entire Yankee Fork watershed.  Snake River spring/summer Chinook salmon is a focal 
species for Reclamation under the BiOp, and their distribution within the Yankee Fork 
watershed is provided in Figure 3. 

The Yankee Fork summer steelhead population is part of the Snake River basin Distinct 
Population Segment (DPS) (CRHRP 2009a).  The Snake River basin steelhead DPS was 
listed as threatened on August 18, 1997 (62 FR 43937) and their threatened status was 
reaffirmed on January 5, 2006 (71 FR 834). 

Bull trout in the Columbia River were listed as threatened on June 10, 1998 (63 FR 
31647).  The Columbia River population includes bull trout in the Columbia River Basin 
and its tributaries within the United States with the exception of those bull trout 
constituting a separate DPS in the Jarbidge River in Nevada.  The Yankee Fork bull trout 
population has both resident and migratory life history patterns. 

Westslope cutthroat trout are not an ESA-listed species.  In 2003, the U. S. Fish and 
Wildlife Service (USFWS) determined that westslope cutthroat trout did not warrant 
listing as a threatened species under the ESA because abundant, stable, and reproducing 
populations remain well distributed throughout its historic range.  However, it is 
considered a sensitive species by the USFS, Region 4, and the Yankee Fork has been 
identified as a “key” watershed for this species (USFWS 1999). 

Pacific lamprey are not an ESA-listed species, they are a state-listed endangered species in 
Idaho, designated as a tribal trust species, and a species of special concern for the USFWS 
(USFWS 2010) and are a tribal cultural resource for subsistence, ceremonial, and 
medicinal purposes. 
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Figure 3.  Snake River spring/summer Chinook salmon distribution within the Yankee Fork 
watershed. 
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2.4 Chinook Salmon and Summer Steelhead Limiting 
Factors 

Limiting factors are the “condition that limits the ability of habitat to fully sustain 
populations of salmon” (State of Washington 1998 Engrossed Substitute House Bill 
77RCW).  Limiting factors that were identified in the Draft Salmon Subbasin Assessment 
(NWPC 2004) for the Yankee Fork watershed generally included habitat fragmentation 
and connectivity, habitat quantity and quality, and water quality.  Habitat fragmentation 
and connectivity, and habitat quantity and quality are presently the primary limiting 
factors (Table 2) within the Yankee Fork watershed affecting the abundance, productivity, 
spatial structure, and genetic diversity of the fish species of concern. 

Presently, water quality does not negatively impact the fish species of concern (IDEQ 
2003; SBT 2011; Appendix B).  Past and ongoing mining activities have impacted the 
system a great deal.  However, these impacts have been most prominent in habitat 
disturbance and connectivity.  Sediment surveys have shown that while there are areas of 
concern, generally there is a low risk associated from chemical contamination. 

Table 2.  Summary table of Yankee Fork watershed limiting factors and casual factors. 

Limiting Factors Causal Factors 

Habitat 
fragmentation and 
connectivity 

The relocated channel through the dredge tailings has resulted in a simplified channel 
configuration that confines flows within the channel and between dredge tailings with 
little channel/floodplain interactions.  Historic floodplain areas along the Yankee Fork 
between Jordan Creek and West Fork of the Yankee Fork (West Fork) have been 
disconnected by dredge tailings.  These floodplain areas provided important high-water 
refugia and rearing habitat for juveniles during biologically significant flows. 

Dredge tailings have disconnected (isolated) Silver Creek and Jerrys Creek from the 
Yankee Fork.  In addition, some culvert crossings have been identified by USFS as 
potential fish passage barriers between tributaries and the Yankee Fork on public lands.  
Other crossings on private lands have not been evaluated for fish passage barriers and 
are considered a data gap. 

Habitat quantity 
and quality 

Placer mining (i.e., dredging) has altered the fluvial processes that create and maintain 
complex habitat units.  The mining activities have resulted in the removal of riparian 
vegetation and relocation of the channel through dredge tailings.  The most significant 
impact areas are between Jordan Creek and the West Fork along the Yankee Fork; and 
to a lesser degree, the dredge tailings from the West Fork to Pole Flat Campground 
along the Yankee Fork, and some locations along Jordan Creek. 
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3. Regional Characteristics 

3.1 Setting 

The Yankee Fork watershed is within the Northern Rocky Mountains physiographic 
province which is characterized by a rugged, mountainous landscape that has been 
dissected by fluvial and glacial erosion (Fenneman 1931).  Ecoregion classifications for 
this area are (1) the Challis Volcanic section of the Middle Rocky Mountain Steppe-
Coniferous Forest-Alpine Meadow Province (Bailey’s classification), and (2) the Idaho 
batholith (Omernik’s classification).  Vegetation compositions are generally grand fir and 
Douglas-fir, and at higher elevations Engelmann spruce and subalpine fir occurs.  
Ponderosa pine, shrubs, and grasses grow in deep canyons (www.nationalatlas.gov). 

3.2 Geology 

Dominant geologic deposits found in Central Idaho (which are discussed in more detail in 
Appendix C) include Quaternary alluvium, Tertiary volcanic and plutonic rocks, 
Cretaceous intrusive rocks, and Paleozoic and Precambrian sedimentary and metamorphic 
rocks (Figure 4).  The plutonic and intrusive rocks are generally medium- to coarse-
grained granitic rocks of intermediate composition.  Volcanic rocks range from lava flows 
(fine-grained basalt) to ash-flow tuffs (unsorted, consolidated pyroclastic rocks) to 
volcaniclastic deposits (unsorted, poorly consolidated to unconsolidated mixes of volcanic 
and other rock fragments).  Sedimentary rocks are generally of marine origin and include 
carbonate and clastic rocks that are fine- to medium-grained limestones, dolomites, and 
sandstones.  Finally, the metasedimentary rocks are generally fine grained quartz and 
shale that have undergone metamorphism during multiple episodes of folding, faulting, 
and intrusion (USGS 1995; Link and Janecke 1999). 

Many, if not all, of these geologic formations have been displaced by the northeast 
trending Trans-Challis fault system that cuts across Central Idaho.  This fault zone 
essentially imparted a controlling effect on the location of volcanic vents, dikes, faults, 
and mineralization during the Tertiary age Challis Volcanics episode (McIntyre et al. 
1982; Kiilsgaard et al. 1986; Janecke 1992).  Volcanic landforms created during the 
Challis Volcanics episode have strongly influenced the locations and drainage patterns of 
waterways by filling-in canyons with volcanic deposits and from subsidence as magma 
chambers were vacated during volcanic eruptions. 

Alpine glaciations have sculpted the mountainous regions of Central Idaho.  Known 
glaciations include the Potholes glaciation about 20 ka (one ka = one thousand years ago), 
Copper basin glaciation about 40 ka, and Pioneer glaciation greater than 140 ka (Borgert, 
Lundeen, and Thackray 1999; Evenson, et al. 1982).  Erosion by the alpine glaciers 
created features like horseshoe-shaped, steep-walled hollows (cirques) high on the side of 
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mountains, and long U-shaped valleys (troughs).  Some constructional landforms 
deposited by the glaciers include crescent-shaped ridges (moraines), terraces along valley 
walls, and outwash plains on the valley floors.  Glacial erosion and deposition can 
strongly influence drainage patterns at the watershed-scale and imparts controls on valley 
bottom widths and channel confinement at the valley segment-scale. 

Known active faults in the region are presently associated with Basin-and-Range type 
normal faults that trend north-northwest to northwest.  This area of active faults were 
grouped together as the Central Idaho Seismic Zone that has relatively high earthquake 
activity along at least six major faults (Madison, Centennial, Beaverhead, Lemhi, Lost 
River, and Sawtooth faults).  Some earthquakes in this seismic zone have produced strong 
ground motions (or shaking) that have historically triggered landslides and debris flows 
(IBHS 2009).  In the Yankee Fork watershed for example, an ancient landslide once 
dammed the Yankee Fork downstream of Fivemile Creek in a manner similar to the 
Hebgen Lake landslide that dammed the Madison River in Montana, but on a smaller 
scale (USFS Five Mile Geological Area marker).  The Hebgen Lake landslide was 
triggered by an earthquake that generated strong ground motions in 1959 (IBHS 2009). 
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Figure 4.  Bedrock and structural geology in the Challis 1o X 2o Quadrangle (USGS 1995). 

3.3 Climate 

Emmett (1975) described the climate of the upper Salmon River as being influenced by 
pacific maritime air borne eastward on the prevailing westerly winds.  In the winter 
months, the Aleutian low dominates the weather and produces cloudiness and abundant 
precipitation.  During the summer months, the Pacific high dominates with fair weather, 
except when moisture-laden air from the Gulf of Mexico is brought in from the south at 
high levels to produce thunderstorms. 

Precipitation is generally enhanced by terrain-enforced uplift of the moist airmasses.  
Resulting average annual precipitation locally exceeds 60 inches but decreases to 15 
inches in “rain shadow” canyon bottoms.  Weather is characterized by long, harsh winters 
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and short, cool, dry summers.  The majority of precipitation is in the form of snow 
between the middle of October to the middle of May.  Precipitation events during the 
winter can have a long duration, continuing for more than 24 hours.  Spring and summer 
thunderstorms of high intensity and short duration (less than one hour) can also occur.  
Temperatures range from minus 50o F to 95o F.  Freezing temperatures may occur 
throughout the year. 

Climate projections for the region are that average mean-annual temperature will increase 
and that the mean-annual precipitation will not change significantly through the 21st 
Century.  Hydrology is expected to be affected in various ways including warmer 
temperatures expected to diminish snow accumulation and the availability of snowmelt to 
sustain runoff.  Decreased snowpack volume could also result in decreased groundwater 
infiltration, runoff, and ultimately decrease contribution to baseflows in rivers.  However, 
it is notable that the northern and higher elevations may experience net increases in 
snowpack, reflecting a general trend toward increasing total precipitation with the 
projected warming (Reclamation 2011). 

4. Cultural Resources and History 

4.1 Cultural Resources 

The Cultural Resources Inventory Report (Appendix D) documents the range of human 
use within the Yankee Fork watershed.  In practice, cultural resources are categorized into 
(1) prehistoric resources that represent Native American cultures and societies; (2) historic 
resources that are sites or properties at least 50 years old; and (3) ethnographic resources 
that are important to contemporary communities. 

4.1.1 Prehistoric Overview 

Archaeological evidence indicates humans were present in southern Idaho at the end of 
the Pleistocene at least 12,500 years ago.  These big-game hunters travelled from place to 
place following their prey and taking advantage of other food and material resources when 
they were available.  The climate changed gradually as the Ice Age ended, giving way to 
more mild and temperate conditions.  As the environment shifted, so did the resources.  
Some animals moved out of the Salmon River Mountains area in an attempt to stay with 
cooler temperatures, while other plants and animals better adapted to warmer conditions 
moved in.  People also adapted to the changing environment to survive, and their 
technologies eventually advanced as well.  Hunting implements moved from atlatl (spear-
thrower) and dart to bow and arrow as the size and speed of the prey changed from larger 
to smaller.  People also began to focus more on plants and fish for food.  These activities 
and the lifestyles they were associated with are found now as archaeological remains. 
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4.1.2 Historic Overview 

The Lewis and Clark Corps of Discovery passed through central Idaho in 1805 after 
crossing the continental divide from the east.  It was likely the first contact with Euro-
Americans for the local Shoshoni, though impacts of Spanish explorations to the south 
had already changed their lifestyle with the addition of the horse, which was in wide use.  
Reports from Lewis and Clark on the abundance of fur-bearing animals west of the divide 
spurred the business of fur trade, and independent fur trappers, as well as several 
companies (including the Hudson Bay Company and The American Fur Company), made 
their way into the northwest to explore and exploit the region.  In 1822, fur trappers and 
the Hudson Bay Company began to move into the Salmon River Mountain region, where 
certain animal populations began a rapid decline due to over-hunting.  The discovery of 
gold in California in 1848 began a western mining craze, leading to an influx of 
prospectors into Idaho and the discovery of gold there.  The increased mining activities 
along the Yankee Fork necessitated the development of towns and the area’s population 
grew, bringing both the perks and trials of “civilization.”  A small Chinese contingent 
made Custer their home.  The Yankee Fork area today is largely defined by its mining 
history and its gold dredge, though other historic influences (i.e., Civilian Conservation 
Corps and USFS) helped shape the character of this place. 

4.1.3 Ethnographic Overview 

A number of different aboriginal groups have occupied the Salmon River country.  
Located at the convergence of two different cultural regions—the Plateau and Great 
Basin—occupants of this area were influenced by both ways of life and could draw from 
each the things that most enhanced their own way of living.  The group that would later be 
identified at contact as the Sahaptin-speaking Nez Perce occupied parts of the lower 
Salmon River and into the lower Snake River basin.  Another culture, identified over eight 
thousand years of continued occupation of the upper parts of the Salmon River, would 
become known as the Numic-speaking Northern Shoshoni (the local tribe was known as 
the Túkudeka, or Sheepeaters).  By the contact period, a Northern Paiute tribe known as 
the Bannock had also taken up residence in the upper Snake River and Salmon River 
areas.  These Shoshone and Bannock bands interacted regularly, and despite speaking 
different languages, generally lived similarly.  All of these tribes contribute to the story of 
the Yankee Fork area, both in the past and in the present.  Contemporary use by Shoshone 
Bannock Tribal members of the waters and lands within the Yankee Fork drainage include 
hunting for elk, deer, moose, bighorn sheep, salmon and other fishing, subsistence, 
camping, and collection of plants for medicinal purposes.  The Yankee Fork area also 
contributes to the continuing practice of ceremonial activities, the sharing of legends, use 
of traditional place names, and the opportunity to teach younger generations of Tribal 
members the Tribal history. 
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4.2 Historical Chronology 

The Yankee Fork Historical Timeline (Appendix E) presents a historical timeline of the 
Yankee Fork watershed categorized as follows:  (1) human settlement; (2) roads and 
transportation; (3) mining; (4) dams and water utilization; (5) timber harvest; (6) livestock 
and grazing; (7) fire, flood, and landslide occurrences; and (8) fisheries observations.  
Information for this timeline was extracted from a wide variety of sources.  Summaries for 
some “points-of-interest” in the Yankee Fork watershed are included in the following 
sections.  These summaries were generated using the timeline data in Appendix E and 
some additional information was added for further clarification. 

4.2.1 Gold Discovered in the Yankee Fork 

Gold was discovered in the Salmon River drainage in 1861 which spurred a “gold rush” 
into the region involving upwards of 10,000 miners (Stephens 1991).  Joel Richardson led 
a party of men down the Salmon River to collect samples and identify potential prospects 
in 1866 or 1867.  They stopped at a large tributary entering the Salmon River to wash 
some gravel, but did not find any gold and they moved on, naming the river the Yankee 
Fork (Choate 1962; NWAA 2002; and LOYF Historical Association 2005). 

In the 1870s, several placer gold deposits were found along Jordan Creek down to the 
Yankee Fork confluence.  Dudley Varney and Sylvester Jordan staked an “exceptional” 
claim at the mouth of Jordan Creek which they worked for a couple of years before selling 
the claim to John Morrison (NWAA 2002).  The Jordan Creek placers have been 
intermittently worked since their discovery, and some placer deposits are still being 
actively worked. 

4.2.2 Charles Dickens Mine and Bonanza City 

In 1875, the first significant gold bearing quartz vein was found by William Norton in the 
Jordan Creek drainage.  Mr. Norton operated the mine, known as the Charles Dickens 
Mine, from 1875 until he passed away in 1884.  The mine was purchased in 1886 by a 
British interest and was operated until 1892 (LOYF Historical Association 2005; ISHS 
1993).  In 1877, Charles Franklin established Bonanza City, the first of the two Yankee 
Fork towns, to serve as the economic and social center in support of the Charles Dickens 
Mine and other mining operations in the district.  By 1881, the population of Bonanza 
City peaked at about 600 and after the large mines in the area closed in 1911, Bonanza 
City became a ghost town (http://www.stanleyidaho.com/custer.htm). 

4.2.3 General Custer Mine/Mill and Custer City 

In 1876, James Baxter, Elden Dodge, and Morgan McKim located one of the richest 
lodes, known as the General Custer Mine, on Custer Mountain along the Yankee Fork 
(NWAA 2002).  To support the General Custer Mine operations, Sammy Holman founded 
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Custer City in 1879.  In 1881, the Custer Mining Company completed the General Custer 
Mill (Figure 5) and began operations to process ore from the General Custer Mine.  The 
mill was located a short distance from Custer City and had the capacity to process 900 
tons of ore per month.  To fuel the steam engines that powered the mill required over 300 
cords of wood per month (http://www.fs.fed.us/r4/sc/yankeefork/pointsofinterest.shtml; 
LOYF Historical Association 2005). 

The mill operated until 1888 when it was closed down due to increases in operating costs 
(LOYF Historical Association 2005).  It was then sold to Dickens-Custer Company in 
1888 that intended to use the mill to process ore extracted from the Charles Dickens Mine.  
The Dickens-Custer Company reportedly operated the Charles Dickens Mine and General 
Custer Mill until 1892 when operations of the company closed due to the lack of 
production and financial mismanagement (ISHS 1993).   

The General Custer Mill was then purchased by the Lucky Boy Gold Mining Company in 
1895 and began processing gold ore from the Lucky Boy Mine in the Adair Creek 
drainage.  The company operated the mill until 1904 when the mill was closed for the last 
time (LOYF Historical Association 2005).  By that point in time, the hills for miles 
around Custer were denuded of trees because of the huge quantities of wood that had been 
used for homebuilding, mine supports, and fuel for the mills (LOYF Historical 
Association 2005). 

 

 

Figure 5.  General Custer Mill 1937 
(http://www.fs.fed.us/r4/sc/yankeefork/generalcustermill_l.shtml). 

http://www.fs.fed.us/r4/sc/yankeefork/pointsofinterest.shtml�
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4.2.4 Yankee Fork Gold Dredge  

In 1932, the Yankee Fork Placer Mining Company acquired a collection of placer claims 
covering over five miles of the Yankee Fork.  Drill testing to determine mineral values 
was completed in 1939 by the Silas Mason Company (Packard 1983).  In 1940, the Silas 
Mason Company was renamed the Snake River Mining Company and completed the 
construction of the Yankee Fork dredge (Figure 6).  The dredge began operations in 1940 
along the Yankee Fork, but was halted in 1942 by the War Production Board Act, Order 
#L208.  The dredge resumed operations in 1946 after about a four year hiatus (Packard 
1983). 

In 1947, the Snake River Mining Company stopped the dredging operations and decided 
to sell the dredge.  The Warren Dredging Company purchased the dredge and mining 
claims from the Snake River Mining Company in 1949 (LOYF Master Plan 2009).  
Warren Dredging Company began dredging operations in 1950 from about the mouth of 
the West Fork (Packard 1983).  A bedrock ledge about a ¼-mile below Bonanza 
temporarily halted the dredging and an earthen dam was built in 1950 or 1951 to back-up 
water to float the dredge over the outcrop (Stephens 1991).  Dredging resumed and the 
dredge arrived at the mouth of Jordan Creek in 1951 or 1952, the limits of all the ground 
owned by the Simplot Company (Packard 1983).  The dredge ceased operation in 1952, 
coming to rest on the Morrison Claims which was not owned by Simplot Company.  The 
dredge was moved in 1953 from the Morrison Claims to Simplot’s property, and 
eventually the dredge was donated to the USFS in 1966 
(http://www.stanleyidaho.com/custer.htm). 
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Figure 6.  Yankee Fork Gold Dredge 
(http://www.fs.fed.us/r4/sc/yankeefork/pointsofinterest.shtml#dredge). 

 

4.2.5 Golden Sunbeam Group and Sunbeam Hydroelectric 
Dam  

In 1903, the Golden Sunbeam Mining Company formed on Jordan Creek (LOYF 
Historical Association 2005).  From 1906 through 1909, the company extensively 
developed the Golden Sunbeam group of mining claims, located about four miles up 
Jordan Creek.  A mill was constructed on site, and plans were developed for construction 
of a hydroelectric dam and corresponding electrical transmission lines to the mining area 
(Umpleby 1913).  Sunbeam Hydroelectric Dam was constructed on the Salmon River 
above its confluence with the Yankee Fork between 1909 and 1910 (Figure 7).  The 
Sunbeam Mill began full operation using power from the Sunbeam Dam in 1911, but the 
mill only operated for about two months.  The entire Sunbeam enterprise, including 
mines, mill, and dam was abandoned in 1911 (LOYF Historical Association 2005).  From 
1912 to 1914, lessees processed the old tailings at the Sunbeam Mill using cyanidation 
process, and in 1933 old tailings from the Sunbeam dumps were treated by cyanidation 
(Mitchell 1997).  In 1933 or 1934, a channel around the Sunbeam Dam was opened by the 
Idaho State Game Department, presumably to improve upstream fish passage on the 
Salmon River (Rodeheffer 1935). 
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Figure 7.  Sunbeam Dam on the Salmon River 
(http://www.fs.fed.us/r4/sc/yankeefork/sunbeam_l.shtml). 

5. Watershed Characteristics 

5.1 Geology 

The geologic setting controls the topography, directly influences valley- and reach-scale 
river characteristics such as slope, confinement, soils, and bedforming materials 
(Montgomery and Bolton 2003), and partially governs hydraulic conductivity between the 
stream and wetland areas.  The geology influences microclimates (i.e., orographic uplift), 
vegetation composition (i.e., grassland versus forests), and sediment inputs to the stream 
network (i.e., landslides and debris flows). 

Bedrock geology of the watershed is comprised of three geologic units (1) Challis 
Volcanics, (2) Idaho batholith, and (3) Paleozoic and Precambrian formations (USGS 
1995).  Descriptions of the rock types, and their strength and durability are as follows and 
their locations are provided in Figure 8: 

• Challis Volcanics are comprised of a range of intrusive and extrusive igneous 
rocks.  The intrusive rocks are found mainly as dikes and plugs that are generally 
rocks of intermediate composition that have good rock strength and durability.  
Extrusive rocks are found primarily as flows and welded tuffs.  The flows are 
generally fine-grained dacite and rhyolite that range in rock strength and durability 
from good to moderate. 
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• The Idaho batholith is comprised of intrusive igneous rocks that are generally 
medium- to coarse-grained granites that range in rock strength and durability from 
good to poor, depending on the degree to which the rock has weathered.  Granitic 
rocks observed in the watershed had good rock strength and durability. 

• Paleozoic and Precambrian rocks range from sedimentary to metasedimentary 
rocks.  The sedimentary rocks are generally fine- to medium-grained siltstone and 
limestone that have poor to moderate rock strength and durability.  
Metasedimentary rocks are generally quartzite and shale that range in rock strength 
and durability from poor to good, depending on the grade of metamorphism and 
the degree of weathering. 

The Trans-Challis fault zone cuts across the watershed trending northeast and, to varying 
degrees, has displaced all bedrock geologic units.  The fault zone had a controlling effect 
on the location of volcanic features within the watershed that formed during the Challis 
Volcanics episode.  The location and alignment of the Twin Peaks caldera (volcanic 
feature) and Custer Graben (fault-block feature) strongly influences the drainage pattern 
and location of the Yankee Fork as the stream originates within the caldera and then flows 
along the southeast bounding fault of the graben for most of its length. 

Also associated with the Trans-Challis fault zone was the mineralization of precious 
metals that occurred along weaknesses in the rock (i.e., shear zones and faults) during the 
Challis Volcanics episode (Fisher and Johnson 1995).  Much of the gold and silver 
deposits were found, and exploited, along epithermal veins where mineralization was 
driven by hydrothermal systems (i.e., hot springs and fumeroles) (Nolan 1933; Anderson 
1949; Davidson 1960; Davidson and Powers 1959); and in placer deposits where alpine 
glaciers had eroded the ore-bearing veins and deposited the gold down valley in outwash 
deposits (i.e., terraces and outwash plains). 
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Figure 8.  Bedrock geologic units within the Yankee Fork watershed. 
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The Yankee Fork watershed has experienced at least two of the regional glacial cycles that 
occurred in the form of alpine glaciations during the Pleistocene (Mackin and Schmidt 
1956; Williams 1961).  The alpine glaciers deeply eroded parts of the watershed, sculpting 
U-shaped valleys, and constructing terraces and broad outwash plains.  Glacial erosion 
unearthed precious metals and transported them down valley where they were deposited 
as alluvium (Fisher and Johnson 1995).  These alluvial deposits (i.e., glacial outwash and 
terraces) are significant in that most of the gold recovered in the watershed was from these 
Pleistocene-age sediments. 

The Yankee Fork and some of its major tributaries have been reworking the Pleistocene 
sediments through fluvial processes including sediment transport and deposition.  In the 
broad, glacially-carved valleys of the Yankee Fork, West Fork, Jordan Creek, and 
Eightmile Creek, the modern streams are “underfit” in that they do not possess the 
necessary stream power to completely rework the valley bottoms that are filled with the 
Pleistocene-age alluvium that was deposited under higher precipitation and streamflow 
volume conditions. 

The alluvial valley fill (predominantly Pleistocene glacial outwash) contained placer gold, 
and its exploitation has significantly impacted physical and ecologic processes along the 
Yankee Fork between Jordan Creek and Pole Flat Campground, and along the lower 1.4 
miles of Jordan Creek.  Gold dredging and hydraulic mining activities have led to 
construction and re-routing of the stream channels, change in geomorphic valley bottom 
constraints that further confine the stream channels, and removal of vegetation along the 
valley bottoms that disrupts channel forming processes and ecological connectivity.  Also 
associated with the mining activities was the introduction of mercury and other chemical 
contaminants into the channel network. 

5.2 Hydrology 

This hydrology section is a summary of the Hydrology Appendix (Appendix F).  Some 
information from the USFS biological assessment report (USFS 2006) has been 
incorporated where appropriate. 

The Yankee Fork watershed is located within the Pacific Northwest Region 1st field 
hydrologic unit code (HUC) 17, lower Snake subregion (2nd field HUC 1706), Salmon 
River basin (3rd field HUC 170602), and the upper Salmon subbasin (4th field HUC 
17060201).  The Yankee Fork watershed (5th field HUC 1706020105) is divided into five 
6th field HUC subwatersheds including the upper Yankee Fork, middle Yankee Fork, 
lower Yankee Fork, Jordan Creek, and West Fork (Figure 9). 
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Figure 9.  Yankee Fork subwatershed locations. 
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The watershed has a dendritic drainage pattern, draining about 190 mi2, and has a drainage 
density of about 2.71 miles per square miles (mi/mi2) which is a measure of the amount of 
stream network necessary to drain the basin.  There is an estimated 223.6 miles of 
perennial stream and 291.3 miles of ephemeral streams within the basin (USFS 2006).  
Basin relief is about 4,407 feet with a maximum elevation of about 10,329 feet at The 
General peak and a minimum elevation of about 5,922 feet at the confluence with the 
Salmon River. 

Water rights in the Yankee Fork watershed for the diversion of surface and groundwater 
consist of 38 domestic rights with a total diversion rate of 1.34 cubic feet per second (cfs) 
divert from tributaries, groundwater, and springs within the watershed.  A total of 10 
mining and industrial water rights with a total diversion rate of 17.86 cfs divert from 
Jordan Creek, Yankee Fork, groundwater, and tributaries.  There are six recreation and 
wildlife water rights with a total diversion rate of 25.5 cfs diverting from the Yankee Fork 
and groundwater.  The State of Idaho also holds minimum streamflow rights with a 2005 
priority date for Eightmile Creek, Lightening Creek, and Yankee Fork. 

The U.S. Geological Survey (USGS) operated a streamflow gage (USGS Gage No. 
13296000) on the Yankee Fork near RM 0.5 between May 1921 and February 1949.  The 
drainage area above the gage site is approximately 189 mi2.  Mean annual flow at the gage 
was 197 cfs and the mean annual peak flow is 1,603 cfs.  The maximum daily average 
flow was 3,360 cfs on June 12, 1921 and the minimum daily mean flow was 10 cfs on 
December 5 and 6, 1927. 

The annual hydrograph (Figure 10) illustrates that annual peak flows occur during spring 
runoff from May through June and base flows of approximately 30 cfs can extend from 
September through March.  Based on the flow exceedance curve, a flow rate of 200 cfs is 
equaled or exceeded 20 percent of the time and a flow rate of 500 cfs is equaled or 
exceeded 10 percent of the time.  Peak flow and low flow statistics determined by the 
USGS are summarized in Table 3 and Table 4, respectively. 



Yankee Fork Tributary Assessment 

34 January 2012 

 
Figure 10.  USGS 13296000 Gage Annual Hydrograph (Period of Record 1922-1949). 

 

Table 3.  USGS 13296000 Peak Flow Statistics Estimated by Berenbrock (2002) (Period of 
Record 1921-1949, 1974). 

High Flow Statistic Discharge, cfs 
Recurrence Interval, years Probability of Occurrence, % 

2 50 1,470 
5 20 2,240 

10 10 2,780 
25 4 3,490 
50 2 4,030 

100 1 4,590 
200 0.5 5,160 
500 0.2 5,940 

 

Table 4.  USGS 13296000 Low Flow Statistics Estimated by Hortness (2006) (Period of 
Record 1921-1949). 

Low Flow Statistic Discharge, cfs 
1Q10 – 1-day, 10-year low flow 19.8 
7Q10 – 7-day, 10-year low flow 29.2 
7Q2 – 7-day, 2-year low flow 37.9 

30Q5 – 30-day, 5-year low flow 34.9 
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The Natural Resources Conservation Service (NRCS) operates a Snowpack Telemetry 
(SNOTEL) site within the Yankee Fork watershed at the Mill Creek Summit at about 
elevation 8,800 feet.  The period of record for this station is from October 1978 to the 
current year (2011).  Average annual precipitation measured at this site is 30 inches with 
the highest precipitation months between November and June.  Maximum and minimum 
average annual air temperature at this site is 45.7 and 18.6o F, respectively.  Peak snow 
water equivalent occurs between mid-April and late-May, declining rapidly during the 
months of May and June. 

In 1985, the USFS began operating a Remote Automatic Weather Station in Bonanza near 
elevation 6,410 feet.  The period of record for this weather station is from May 1985 to the 
current year (2011).  Average annual precipitation is 14.7 inches with the highest 
precipitation months occurring in fall and spring.  Maximum and minimum average 
annual air temperature is 54.8 and 22.1o F, respectively. 

5.3 Soils 

Soil development in the watershed is dependent on the youthful nature of the geology, 
topography, and generally cool, arid climate.  The soils that have developed on the 
extrusive igneous rocks of the Challis Volcanics occur predominantly on lower elevation 
mountains and foothills.  Slopes are moderately steep or steep and the soils that formed in 
the Challis Volcanics, excluding rhyolite and tuff, have an argillic (clay) horizon 
overlying a calcic (carbonate) horizon.  These soils are more than 35 percent rock 
fragments and examples include the Dawtonia, Dacant, Custco, Gaciba, and Resoot 
complexes (NRCS 2006).  Other soils that formed in tuff are weakly developed, contain 
lime, and are highly erosive.  Soil examples include the Frailton, Gradco, and Farvant 
complexes.  For soil example descriptions the reader is referred to Soil Survey of Custer-
Lemhi Area, Idaho, Parts of Blaine, Custer, and Lemhi Counties (NCRS). 

5.4 Sediment Sources and Inputs 

The steep slopes and erosive soils in the watershed are susceptible to mass wasting 
processes.  High intensity thunderstorms are known to trigger shallow landslides and 
debris flows.  And although very infrequent (on the order of decades to centuries), ground 
shaking from earthquakes occurring in the region can also trigger landslides. 

Summer storm events are common in the watershed and high-intensity thunderstorms can 
trigger shallow slides and debris flows, especially in areas where intensive/severe fires 
have burned and in the headwater areas where colluvial and alluvial materials have 
accumulated in depressions (i.e., colluvial hollows).  In 1994, 1996, 2001, 2002, and 
2003, thunderstorms caused landslides and debris flows in Fivemile Creek, Sixmile Creek, 
Ninemile Creek, Preachers Cove, Jerrys Creek, and several unnamed tributaries.  Some of 
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these debris flow events reached the Yankee Fork and caused changes to the channel 
morphology.  For example, the debris flows from unnamed tributaries across from Pole 
Flat Campground in 2003 and 2004 deposited coarse sediment and wood in the channel 
along river right that constricted the channel, forcing flows toward the left bank where it is 
presently eroding the dredge tailings.  Some of these sediment inputs contain a high 
percentage of fine materials that can cause high turbidity and siltation, which generally 
have short-term negative impacts to fish habitat (on the order of days or weeks).  
However, these types of events provide the necessary gravel and wood inputs to the 
system that benefit the fish species over the long-term (months or years). 

Surficial geology mapping (Appendix G) shows that landslides are fairly common 
throughout the watershed and can provide large volumes of material to the system that are 
capable of creating long-term channel changes (on the order of decades to centuries).  An 
example of such a landslide event is the canyon area between Fivemile Creek and Swift 
Gulch where the Yankee Fork was impounded by a landslide for potentially a long period 
of time based on the extent and depth of lake deposits, before incising through the 
landslide deposit.  More commonly, these landslides provide smaller volumes of material 
to the system.  These smaller landslides appear to be fairly common in the West Fork, 
Jordan Creek, and upper drainages northwest of the Yankee Fork, and may be associated 
with weakened rocks (i.e., shear zones and hydrothermal alterations) along the Trans-
Challis fault zone. 

5.5 Vegetation 

5.5.1 Historic Mining Disturbances 

Historic vegetation species assemblage and successional stages have been significantly 
impacted by mining activities and construction of support networks.  With the discovery 
of gold in the watershed in 1873 a mining boom began as prospectors flocked to the 
Yankee Fork watershed (Yarber 1963; Mitchell 1997).  Bonanza and Custer townsites 
sprang-up in the late 1870s to support the mining operations and laborers.  Several ore 
processing mills were constructed to support hard-rock mines and operated between 1875 
and 1942. 

During this period, timber was extensively harvested to support the mining industry.  For 
example, much of the lumber used in building Custer and Bonanza was harvested from 
Lavalle Creek (now Sawmill Creek) in the West Fork drainage (USFS 2006).  Timber was 
harvested along the valley bottoms and walls to fuel the ore processing mills that required 
large volumes of wood.  By 1916, the Intensive Land Classification for the Challis 
National Forest reported that along the Yankee Fork, “most of the good timber was taken 
out years ago for mining use and for cordwood” (USFS 2006). 
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Additional information on anthropogenic disturbances in the watershed (i.e., road 
densities and livestock grazing) is included in the Watershed Condition – Section 7.0. 

5.5.2 Present Species Assemblage 

The vegetation in the Yankee Fork watershed is a mosaic pattern of coniferous forest 
interspersed with natural sagebrush/grass steppe openings, talus slopes, rocky outcrops, 
and mesic or riparian areas (Figure 11).  Sagebrush/grass steppe is dominated by big 
sagebrush, fescues, and wheatgrasses.  Forest vegetation is comprised of lodgepole pine, 
Douglas fir, Engelmann spruce, subalpine fir, whitebark pine, and occasional ponderosa 
pine.  Primary deciduous trees are quaking aspen and black cottonwood.  Repetitive fire 
intervals have reduced the competition from grasses, shrubs, and other trees and with the 
reduction and near elimination of these cyclical disturbances, conifers continue to 
encroach into the sagebrush-grass openings (USFS 2006). 

Vegetation in riparian areas consists of aspen, willow, alder, sedges, rushes, grasses, and 
mesic forbs, often mixed with an overstory of coniferous tree species compatible with the 
higher moisture regime.  Wet meadow areas occur infrequently within the riparian areas 
along watershed streams with low gradients, spring areas, and small natural basins. 
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Figure 11.  Yankee Fork watershed vegetation by cover type. 
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5.5.3 Wildland Fires 

Since the early 1900s, the USFS fire-control policy has been immediate action to suppress 
wildfires.  Suppression efforts, along with other activities that excluded fire, have resulted 
in changes in the landscape and ecosystems.  Historic fire frequencies associated with 
Douglas fir and probably lodgepole pine habitat types found in the watershed average 36 
years; presently, the fire frequency in the area exceeds 100 years.  For sagebrush/grassland 
communities, the historic fire frequency ranged from 15 to 50 years with an average of 35 
years; presently, fire frequency now exceeds 80 years.  Abnormally high amounts of 
standing dead/down and live fuels are accumulating and higher intensity wildfires are 
predicted with potentially severe effects (USFS 2006). 

Wildland fires that have occurred within the watershed in the last 30 years include the 
East Basin, Eight Mile, Rankin, Zane, and Potato fires that have burned a total of about 
28,760 acres (Table 5).  About 10 percent of the Potato Fire and less than 5 percent of the 
East Basin, Rankin, and Zane fires burned outside of the watershed (USFS 2006). 

Table 5.  Fire history and acreage burned. 

Fire 
Name 

Year Reported 
Acreage 
Burned 

Geographic Locations 

East 
Basin  

1985 3,500 acres Rankin Creek middle and upper drainage; Sawmill Creek 
upper drainage 

Eight 
Mile  

1999 107 acres Small ridge top area in unknown drainage of Eightmile Creek 

Rankin  2000 6,710 acres Rankin Creek drainage; Jerrys Creek drainage; Ramey 
Creek lower third along south aspect 

Zane  2006 218 acres Small ridge top area in unknown drainage of West Fork  

Potato  2006 18,225 acres West Fork lower half of drainage; Deadwood Creek lower half 
of drainage; Lightning Creek lower third of drainage; Jordan 
Creek lower half along east aspect 

 

5.5.4 Insect Infestations and Disease 

Infestations of mountain pine beetle, western spruce budworm, Douglas fir bark beetle, 
and dwarf mistletoe are most notable in stands of lodgepole pine in the West Fork 
subwatershed as well as Eightmile Creek, Tenmile Creek, Elevenmile Creek, and the 
upper Yankee Fork.  There is significant fuel loading on the ground from remnants of an 
extensive mountain pine beetle outbreak from the early part of the 1900s.  Another 
infestation of mountain pine beetle began to increase in 2000 due to the reduction in 
precipitation throughout the area.  These beetles are responsible for killing many acres of 
primarily lodgepole pine (USFS 2006). 
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6. Watershed Fish Usage and Supplementation 
The Yankee Fork is a major tributary to the Salmon River in the Columbia River Basin 
and is an important spawning and rearing stream for anadromous fish species.  Fish 
species of interest include Chinook salmon, steelhead, bull trout, westslope cutthroat trout, 
and Pacific lamprey, and their historic and present use of the Yankee Fork watershed are 
summarized in the following sections.  For more detailed information the reader is 
referred to Appendix H. 

6.1 Historic Fish Use 

Historical data pertaining to anadromous fish species using the Yankee Fork watershed is 
limited and inferences have been made based on Columbia River fish returns and 
anecdotal accounts.  In 1910, Sunbeam Dam was constructed on the mainstem Salmon 
River immediately upstream of the Yankee Fork which obstructed migratory fish species 
to an unknown degree until removal in 1934 (Ecovista 2004). 

The Yankee Fork Ranger District (USFS 2001) suggest that salmon, steelhead, bull trout, 
and westslope cutthroat trout populations were historically strong based on anecdotal 
accounts and research completed for the Upper Columbia River Basin aquatic science 
report.  Pacific lamprey presence (or absence) in the Yankee Fork watershed is based on 
inferences from available information. 

6.1.1 Chinook Salmon 

Adult spring/summer Chinook salmon returning to the Columbia River between 1881 and 
1895 were estimated to be between 2.3 and 3.0 million.  Declines in the Columbia River 
salmon populations began in the late 1800s as a result of overfishing (Chapman 1986). 

By the early 1900s, environmental degradation from mining, grazing, logging, and 
agriculture had caused substantial declines.  Construction of dams on the mainstem Snake 
River and the Columbia River further reduced the distribution and abundance of Snake 
River Chinook salmon and their escapement to the Salmon River. 

An average of 125,000 adults per year entered Snake River tributaries from 1950 through 
1960.  Returns of spring/summer Chinook salmon continued a steady decline in the 1970s, 
reaching low points in the mid-1990s before rebounding slightly in 2000, primarily as a 
result of good river and ocean conditions (Ecovista 2004). 

Reiser and Ramey (1987) found that over 6 percent of Chinook salmon redds historically 
found in the upper Salmon River basin were located in the Yankee Fork watershed.  
Chinook salmon redd counts have declined from 400 per year in the 1960s to as low as 3 
in 2006 (Bellmore and Baxter 2009). 
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6.1.2 Steelhead 

The Columbia River Basin had one of the world’s largest populations of steelhead 
(Ecovista 2004).  Historical estimates of the pre-European steelhead run in the entire 
Columbia River Basin were about two million fish.  Wild steelhead abundance declined 
steadily from 1962 to 1976, and abundance was depressed but stable during the late 1970s 
and 1980s.  Wild steelhead abundance in 1993 through 1996 was the lowest ever recorded 
(Ecovista 2004). 

Historically, the Yankee Fork watershed supported productive populations of steelhead 
(Tardy 2009).  An estimated 25 percent of the steelhead in the Columbia River Basin may 
have originated in the Salmon subbasin (Mallet in Ecovista 2004).  However, smolt-to-
adult return rates have decreased from above 4 percent in the 1960s when four dams 
existed in the Columbia River system to less than 2 percent in the 1970s after eight dams 
were in place (Tardy 2009). 

6.1.3 Bull Trout 

Historically, bull trout were distributed throughout the upper Salmon River basin, and 
although they were never as abundant as other salmonids, they were more abundant and 
more widely distributed than they are today (Ecovista 2004).  This species was listed 
under the ESA in 1998 as threatened because of general declines in their populations 
primarily due to habitat threats.  Bull trout in the Salmon River basin fall into the “upper 
Snake” recovery unit and in 2010 the Yankee Fork and several of its tributaries were 
designated by the USFWS as critical habitat for bull trout (75 FR 63898).  Designated 
critical habitat receives protection against Federal agencies carrying out, funding, or 
authorizing the destruction or adverse modification of critical habitat.  Information on bull 
trout population productivity and abundance in the Yankee Fork watershed is currently 
limited and considered a data gap. 

6.1.4 Westslope Cutthroat 

Cutthroat trout are estimated to occur in 85 percent of their historical range (Ecovista 
2004) including the Yankee Fork watershed.  The Yankee Fork Ranger District (USFS 
2001) suggested that westslope cutthroat trout populations were historically strong based 
on anecdotal accounts and research completed for the Upper Columbia River Basin 
aquatic science report. 
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6.1.5 Pacific Lamprey 

According to the USFWS (2010), historic runs of Pacific lamprey in the Coumbia River 
Basin numbered in the hundreds of thousands at Bonneville Dam as recently as 1965, but 
the distribution and abundance of lampreys have been reduced by construction of dams 
and diversions as well as degradation of spawning and rearing habitat.  Historically, 
Pacific lamprey likely occurred in the Yankee Fork. 

6.2 Present Fish Use  

6.2.1 Chinook Salmon 

The Yankee Fork is an important spawning and rearing system for spring/summer 
Chinook salmon.  Spawning is distributed broadly throughout the population boundaries, 
extending from approximately one mile upstream of the Yankee Fork/Salmon River 
confluence to the headwaters area and the West Fork (USFS 2006).  Anthropogenic 
disturbances (i.e., gold dredging) along sections of the Yankee Fork and Jordan Creek 
have eliminated or degraded much of the rearing and spawning habitat (Reiser and Ramey 
1987). 

Adult spring/summer Chinook salmon enter and ascend the Columbia River between 
March and July and reach the upper Salmon River (about 850 miles upriver) in late July 
and August.  Adult fish hold in deep pools within the main Salmon River and then move 
into the smaller tributaries (including the Yankee Fork) in late July and August to begin 
spawning (USFS 2006).  Spawning occurs in the Yankee Fork in August and September.  
Adult Chinook salmon die within a short time after spawning and carcasses can often be 
observed in close proximity to newly constructed redds.  Spring Chinook salmon eggs 
remain in the gravel with winter and early spring water temperatures determining the 
actual time of emergence.  This typically occurs by mid-March to late April (USFS 2006).  
Young salmon emerge from redds in the spring and will rear in a variety of environments 
from small, infertile streams to large rivers.  Starting during fall, but also throughout the 
winter, juveniles will immigrate from the Yankee Fork to the Salmon River.  Juveniles 
spend approximately one year in fresh water before smolting and migrating approximately 
850 miles to the Pacific Ocean between April and June (Reiser and Ramey 1987).  Yankee 
Fork Chinook salmon typically spend two years in the ocean before returning to the 
Columbia River on their return as adults (USFS 2006).  Table 6 shows the “phenology” of 
spring Chinook salmon within the Yankee Fork. 
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Table 6.  Summary of Chinook salmon life stages - Yankee Fork. 

Species Lifestage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Chinook Adult Staging             
 Peak 

Spawning 
            

 Incubation             
 Juvenile 

Rearing 
            

 Smoltification 
(out migration) 

            

6.2.2 Steelhead 

The Yankee Fork was designated as critical habitat for Snake River basin steelhead in 
2006 and is an important spawning and rearing stream.  Steelhead population trends in the 
Yankee Fork are largely unknown.  The only direct count of natural origin steelhead 
occurs at the Sawtooth Fish Hatchery weir located on the Salmon River, upstream of 
Stanley.  The average number of natural-origin returns to the Sawtooth Hatchery weir 
between 1986 and 2007 was 34 fish (CRHRP 2009b).  Capture of juvenile steelhead in 
Jordan Creek indicates that natural reproduction is occurring in Jordan Creek (USFS 
2006). 

Adult steelhead migration requirements are generally similar to those described for spring 
Chinook.  Steelhead enter and ascend the Columbia River in June and July, arriving near 
their spawning grounds several months prior to spawning (USFS 2006).  However, adult 
holding takes place over a much longer period (from fall arrival in the Snake River 
drainage until spring spawning).  Most adult steelhead have moved into tributary streams 
(such as Yankee Fork) by November.  However, some adults hold in the Salmon River 
until February or March before moving into natal streams to spawn.  Unlike other 
anadromous salmonids that return from the ocean to spawn and subsequently die, 
steelhead have the ability to migrate back to the ocean after spawning (kelting) and to 
return and spawn again.  Juvenile rearing lasts approximately two to seven years prior to 
ocean emigration.  Table 7 shows the “phenology” of steelhead within the Yankee Fork. 
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Table 7.  Summary of steelhead trout life stages - Yankee Fork. 

Species Lifestage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Steelhead Adult Staging             
 Peak Spawning             
 Incubation             
 Juvenile Rearing             
 Smoltification 

(out migration) 
            

 

6.2.3 Bull Trout 

Fluvial (migratory) bull trout distribution occurs in the Yankee Fork and West Fork, and 
many of the tributary systems of the Yankee Fork.  Fluvial bull trout use the Yankee Fork 
and West Fork, while smaller tributaries (i.e., Jordan Creek) support only small, if any, 
resident populations.  Bull trout have been documented by the USFS, Idaho Department of 
Fish and Game (IDFG), and the Shoshone Bannock Tribes (Tribes) within the mainstem 
Yankee Fork, the West Fork, McKay Creek, and several other tributaries.  Large bull trout 
have been observed spawning in the lower reaches of small headwater tributaries (i.e., 
Tenmile Creek) (USFS 2006).  Schoby and Curet (2007) documented that the majority of 
upper Salmon River basin bull trout spawning migrations made by tagged bull trout in 
2003 were into the Yankee Fork. 

Gamett and Bartel (2008) found bull trout at 34 percent of sites sampled on the Yankee 
Fork Ranger District.  While many sites in the Yankee Fork watershed were sampled by 
the Salmon-Challis National Forest for fish presence in 2007, few were sampled using a 
method that would allow the estimation of fish density, measured as fish per hundred 
square meters.  The Yankee Fork and the West Fork sites yielded estimated bull trout 
densities of zero fish per hundred square meters.  This is not at all surprising, given the 
size of these bodies of water and the known habits of the bull trout species (Gamett and 
Bartel 2008). 

Bull trout are designated as a management indicator species (MIS) for the Salmon-Challis 
National Forest.  Subsequently, a series of MIS monitoring sites have been established 
across the Forest to monitor trends in bull trout populations.  Species density estimates 
and length frequency distribution graphs were generated for each site.  One MIS site is 
located on McKay Creek and is the only MIS site in the Yankee Fork watershed.  
Estimated bull trout densities for years 2007 through 2010 are as follows:  2007 – 4.1 
fish/100m2, 2008 – 3.8 fish/100m2, 2009 – 2.3 fish/100m2, and 2010 – 6.0 fish/100m2.  
The estimated densities of bull trout in McKay Creek are considered to be within average 
to high ranges (USFS 2004). 
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Major concerns for bull trout in the upper Salmon River basin include the disconnection 
of tributary streams from mainstem rivers, degradation of riparian habitat, dewatering due 
to irrigation withdrawals, unscreened irrigation ditches, and the introduction of non-native 
species.  In the Yankee Fork, major concerns are disconnection of tributary streams, and 
degradation of riparian habitat. 

Bull trout in the Yankee Fork have both resident and migratory life history patterns.  
Resident bull trout complete their entire life cycle in a tributary stream.  Migratory bull 
trout spawn in tributary streams where juveniles rear for up to 4 years before migrating to 
a river or lake.  Migrating bull trout return to spawning tributaries from the end of June 
into October.  Spawning occurs between mid-August and early November (Schoby and 
Curet 2007).  Resident and migratory bull trout can be found together in spawning 
grounds and can spawn together (Ecovista 2004).  Offspring can express either life 
history.  Bull trout can live longer than 12 years and prefer the coldest water.  All life 
stages of bull trout are associated with complex forms of cover and pools. 

6.2.4 Westslope Cutthroat Trout 

The Yankee Fork has been identified as a “key” watershed for Westslope cutthroat trout 
(USFWS 1999).  Survey data indicate that the populations are stable within the upper 
Salmon basin, and that there are sizable populations existing within the Yankee Fork 
mainstem and its tributaries (USFS 2006).  These populations evidently were able to 
sustain themselves in tributaries, perhaps becoming a resident fish population rather than a 
migratory population.  Cutthroat trout have much different life history requirements than 
anadromous fish, and were likely to maintain themselves in the tributaries while activities 
(dredging) occurred in the mainstem Yankee Fork. 

6.2.5 Pacific Lamprey 

Presently, remnant populations persist in the Salmon River basin but their distribution and 
abundance are unknown for the most part, making assessment of this species distribution 
and habitat conditions difficult.  Investigations by the IDFG (Hyatt et al. 2006) show that 
Pacific lamprey distribution is currently confined to the mainstem Salmon River 
downstream of the North Fork Salmon River.  Four sites in the Yankee Fork were 
sampled for lamprey in 2005 with none being observed (IDFG 2006). 

6.3 Supplementation and Habitat Enhancement Programs 

The following is a brief overview of the Tribes supplementation and habitat enhancement 
programs occurring in the Yankee Fork.  Full reports are included as Appendix I. 
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In response to the declining populations of Chinook salmon and steelhead in the Yankee 
Fork, the Tribes have implemented supplementation and habitat programs that are 
working to increase the number of Chinook salmon and steelhead returning to the Yankee 
Fork.  The Tribes are interested in the Yankee Fork to increase the viability and 
production of the populations, increase harvest potential for members of the Tribes, 
increase knowledge of fishery management techniques, and facilitate adaptive 
management. 

Future efforts by the Tribes will be to maintain all program operations; develop the 
Crystal Springs Fish Hatchery near the Fort Hall Indian Reservation that will be used to 
provide supplementation for the Upper Salmon tributaries including the Yankee Fork; 
install weirs and Passive Integrated Transponder tag array for additional migration and 
survival estimates for juveniles; continue to obtain tissue samples from migrating 
juveniles and returning adults; monitor physical and biological indicators; and evaluate the 
effectiveness of habitat actions to address limiting factors. 

6.4 Estimates of Chinook and Steelhead Density 

Kiefer et al. (1990) indicated that potential spring Chinook and summer steelhead smolt 
production in the Yankee Fork drainage could be as high as 425,000 and 59,000 smolts, 
respectively.  However, impacts to the Yankee Fork previously mentioned in this report 
have resulted in substantially less fish produced.  The current low production level for 
Chinook and steelhead is supported by snorkel survey, redd survey, and screw trap 
information. 

The Yankee Fork drainage was separated into seven strata for fish sampling purposes 
(Tsosie et al. 2009).  To capture population estimates by subwatershed, fish sampling 
strata were grouped based on their geographic locations (Table 8).  Figure 12 shows the 
location of the fish sampling strata with respect to the Yankee Fork subwatersheds. 

 

Table 8.  Fish sampling strata and geographic locations. 
Fish Sampling Strata Location Description Subwatershed 

Strata 1 – Yankee Fork Yankee Fork mouth to Polecamp Creek Lower Yankee Fork Subwatershed 

Strata 2 – Yankee Fork Polecamp Creek to West Fork Lower Yankee Fork Subwatershed 

Strata 3 – Yankee Fork West Fork to Jordan Creek Lower Yankee Fork Subwatershed 

Strata 4 – Yankee Fork Jordan Creek to Eightmile Creek Middle Yankee Fork Subwatershed 

Strata 5 – Yankee Fork Eightmile Creek to McKay Creek Upper Yankee Fork Subwatershed 

Strata 6 – West Fork Mouth to Cabin Creek West Fork Subwatershed 

Strata 7 – Jordan Creek Mouth to upstream of Grouse Creek Mine Jordan Creek Subwatershed 
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Figure 12.  Yankee Fork drainage showing locations of subwatersheds and fish sampling 
strata. 
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6.4.1 Snorkel Surveys 

Summer densities of juvenile spring Chinook salmon and summer steelhead were 
estimated by snorkeling riffle-pool sites between 1984 and 2008 as indicated by Tsosie et 
al. (2009).  Mean density (number of fish/100 m²) by stratum was estimated by averaging 
the density of fish at each of the six sites per stratum.  This information was then 
summarized on a subwatershed basis (Lower Yankee Fork, Middle Yankee Fork, Upper 
Yankee Fork, West Fork, and Jordan Creek).  Based on the average fish density per 100m² 
shown in Figure 13, the Yankee Fork stock of naturally-producing spring Chinook salmon 
is severely depressed and well below the estimated carrying capacity of 425,000 smolts.  
Summer steelhead are also well below the 59,000 smolt carrying capacity. 

Figure 13 also shows that the Middle Yankee Fork subwatershed had the highest fish 
densities for juvenile Chinook salmon.  The mainstem Yankee Fork in this subwatershed 
has not been dredged, and has a moderately confined to unconfined channel with good 
channel/floodplain interactions.  It is not surprising that the majority of spawning habitat 
is located in this subwatershed.  The Lower Yankee Fork subwatershed had nearly three 
times lower fish densities than the Middle Yankee Fork subwatershed.  The mainstem 
Yankee Fork in this subwatershed has been dredged, and much of the channel has been 
artificially confined by dredge tailing piles with little channel/floodplain interactions.  
Historically (pre-dredging), the mainstem Yankee Fork had a moderately confined to 
unconfined channel between Jordan Creek and the West Fork with good 
channel/floodplain interactions; and a confined to moderately confined channel between 
the West Fork and Pole Flat Campground.  Based on the surficial geology and natural 
channel confinement (pre-dredging), the lower section of the Yankee Fork from the West 
Fork to the Yankee Fork/Salmon River confluence probably never provided the same 
level of production as the Middle Yankee Fork subwatershed. 
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Figure 13.  Yankee Fork stratified (“strat”) snorkel survey samples from 1984 to 2009 by 
subwatershed. 

 

6.4.2 Redd Surveys 

Annual spawning ground surveys conducted by the IDFG and the Tribes for spring 
Chinook salmon in the Yankee Fork drainage reflect severely depressed juvenile Chinook 
salmon numbers as also indicated by the snorkel surveys.  Survey data indicate that the 
Yankee Fork redd counts have ranged from 615 redds in 1968 to zero redds in 1995 
(Figure 14).  There has been a continuing decline of redds from 1969 through 2007 that 
has also been documented throughout the rest of the Salmon River drainage (USFS 2006). 
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Figure 14.  Yankee Fork redd counts by subwatershed. 

 

6.4.3 Screw Trap Operations 

Since initiating Yankee Fork screw trap operations in 2009, approximately 534,024 brood 
year (BY) 2008 and 129,661 BY 2009 juvenile Chinook salmon were estimated between 
April and November of 2009 (Figure 15).  Survival estimates for BY 08 natural Chinook 
salmon parr and pre-smolts migrating from Yankee Fork equaled 0.121 percent to Lower 
Granite Dam (Tardy and Denny, 2010).  Assuming this survival as the minimum, 64,617 
out of 534,024 natural parr and pre-smolt juveniles survived to Lower Granite Dam.  
Tardy (2009a) indicated that juvenile Chinook salmon densities increased dramatically in 
2009 as a result of adult outplanting activities in 2008. 
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Figure 15.  Yankee Fork hydrograph, trap efficiency, and emigration timing of juvenile 
Chinook salmon, 2010. 

 

According to Tardy and Denny (2010), during the period of April 27 to June 2 and August 
21 to November 16, 129,733 BY09 Chinook salmon juveniles emigrated past the Yankee 
Fork rotary screw trap.  In all, Tardy and Denny (2010) estimated 46 BY09 Chinook 
salmon fry emigrated between April 21 and June 2, 15,114 BY09 parr from August 21 to 
August 31, and 114,509 BY09 pre-smolt from September 1 until trap removal on 
November 16, 2010.  Due to insufficient mark/recapture data, estimates for BY08 smolt 
migrants could not be calculated.  Tardy and Denny (2011) assumed BY09 fry and parr 
estimates to be extreme minimums as the trap was installed for only half the fry migration 
period and for only ten days during the parr stratification period due to trap loss in early 
June (Figure 16). 
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Figure 16.  Juvenile Chinook salmon captures per day. 

 

In 2009, the Yankee Fork screw trap was installed on July 2 and operated for 133 days 
until removal on November 13.  During the period of July 3 through November 13, 
534,024 BY08 Chinook salmon juveniles (parr and pre-smolt) were estimated to have 
migrated downstream past the rotary screw trap (Tardy and Denny 2011).  Due to late 
acquisition and installation of the screw trap, estimates for BY07 smolt and BY08 fry 
migrants could not be calculated.  Cormack/Jolly-Seber minimum survival estimate for 
BY08 natural Chinook salmon parr and pre-smolt migrating from Yankee Fork equaled 
0.121 (0.0197) to Lower Granite Dam.  Assuming this survival as the minimum, 64,617 
out of 534,024 natural parr and pre-smolt juveniles survived to Lower Granite Dam. 

Juvenile production, as evidenced by snorkel surveys, is a reflection of low redd counts 
(spawner returns).  Adult supplementation initiated by the Tribes in 2008 and 2009 
resulted in an increase of redds in the Yankee Fork (653 in 2008 and 409 in 2009).  The 
adult supplementation program did result in increased juvenile Chinook salmon 
production as evidenced by the numbers of fish caught in the Yankee Fork screw trap 
during 2009 and 2010 trap operations.  Screw trap catch rates of juvenile Chinook salmon 
dropped off substantially in 2011, likely a result of no adult spring Chinook salmon being 
available for the Tribes Yankee Fork Chinook Salmon Supplementation Program in 2010. 
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7. Watershed Condition 
In this section, NOAA Fisheries’ (1996) matrix of pathways and indicators was used to 
describe the functional condition pertaining to watershed-scale components as 
recommended in the Salmon Subbasin Management Plan (Ecovista 2004).  Road density 
and location, anthropogenic disturbance history, water quality and quantity, and habitat 
access indicators were used to identify potential systemic problems, if any, within the 
watershed that limit or threaten aquatic habitat.  The matrix of pathways and indicators 
provides guidance on thresholds that should be considered, and refined for the individual 
watersheds, to assess the condition ratings of the indicators as properly functioning, at 
risk, or not properly functioning. 

7.1 Road Density and Location 

There are about 113 miles of road open to all motor vehicles in the Yankee Fork 
watershed, and most of these are “improved” gravel-surface roads.  Access roads to many 
mining claims (and some all-terrain vehicle trails) are “unimproved” in that they were 
“cut-and-fill” or surface trail type roads and do not have added surfacing material.  The 
watershed road density, excluding mining access roads, is about 0.85 mi/mi2 and these 
roads are generally located along stream corridors.  The most frequently used roads are the 
Custer Motorway (USFS Road No. 013) and the Loon Creek Road (Forest Road 172).  
Magnesium chloride (MgCl2) is applied, as needed, to the Custer Motorway (USFS Road 
No. 013) from Pole Flat Campground to the Yankee Fork gold dredge, and from the 
dredge to the Grouse Creek mine on Loon Creek Road (Forest Road 172) (Figure 17).  
This application is necessary for dust abatement and compliance with the State of Idaho 
air quality standards (USFS 2006). 

Roads can directly affect natural sediment and hydrologic regimes in several ways (i.e., 
altering streamflow, substrate composition, and riparian conditions).  The watershed road 
density in the Yankee Fork (excluding mining access roads and all-terrain vehicle trails) is 
less than 2 mi/mi2 which indicates there have been minimal impacts to the drainage 
networks that would alter peak flows, baseflows, and/or flow timing.  Several roads 
located on the valley bottoms adjacent to streams, which are not improved or treated to 
reduce dust drift, contribute fine sediment to the waterways.  Fine sediment (particles less 
than 0.85 mm in diameter) can fill the interstitial spaces between coarser substrate 
particles that affect survival of (1) embryos and alevins by reducing water circulation 
through redds in spawning gravels, and (2) juveniles by reducing interstitial spaces 
between cobbles (embeddedness) that are used for over-wintering habitat (Bjornn and 
Reiser 1991; Hillman and Giorgi 2002). 
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Figure 17.  Location of roads treated with magnesium chloride (MgCl2) for dust abatement. 
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7.1.1 Road Density Conclusions 

Although road densities (0.85 mi/mi2 excluding mining access roads and all-terrain 
vehicle trails) are low within the Yankee Fork watershed, there are several roads that are 
valley bottom roads and adjacent to waterways.  The thresholds contained in the matrix of 
pathways and indicators for properly functioning are: (1) less than 2 mi/mi2 of road, and 
(2) no valley bottom roads.  For at risk, the thresholds are: (1) 2 to 3 mi/mi2 of road, and 
(2) some valley bottom roads.  Presently, this road density indicator is at risk based on 
roads being located on the valley bottoms and adjacent to fish-bearing streams.  An 
analysis of all roads, including mining access roads and all-terrain vehicle trails, is needed 
to provide further clarification on the actual effects roads may have on waterways, erosion 
potential, and habitat quality. 

7.2 Anthropogenic Disturbance History 

7.2.1 Mining Activity 

Gold was discovered in 1873 in the Yankee Fork near Jordan Creek (Yarber 1963; 
Mitchell 1997).  Following the discovery of gold, there was a mining boom as prospectors 
began to exploit the many hard-rock and placer deposits.  Bonanza City and Custer 
townsites were built in the late 1870s to support the miners working several of the 
hardrock mines.  Ore processing mills were constructed in several locations including the 
Yankee Fork near Custer and in Jordan Creek.  Many of the early hard-rock mines and 
mills operated between 1875 and 1942. 

Placer gold deposits were first tested by the Souther Dredge Company in 1899 along the 
Yankee Fork from Jordan Creek to about 2 miles downstream (Engineering and Mining 
Journal 1900).  By 1939, many of the placer mining claims along the Yankee Fork from 
Jordan Creek to Pole Flat Campground had been leased or acquired by the Snake River 
Mining Company that had plans for dredging the claim (Iowa Group Placer Claim).  A 
large floating dredge was assembled and worked the claim from 1940 to 1952, with 
hiatuses between fall 1942 and spring 1946 during World War II, and fall 1947 and spring 
1950.  In addition, the lower 1.3-mile section in Jordan Creek (Morrison Group No. 1 and 
2 Placer Claim) was also dredged, most of which was probably done using a drag-line 
dredge (“doodlebug”). 

In 1992, a permit was granted to Hecla Mining Company to create an open-pit bulk-
mineable gold mine at the old site of the Sunbeam Mine that operated in the early 1900s 
on Jordan Creek.  The mine was renamed the Grouse Creek Mine and operated between 
1994 and 1997 (USFS 2006; Frost and Box 2009). 
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Mining activities in the watershed have primarily impacted water quality and channel 
structure.  Hard-rock mines exploited epithermal veins that contained gold and silver 
selenides that resulted in an increased volume of selenium compounds exposed to 
chemical weathering and transport to waterways during runoff.  Many of the mines (hard-
rock and placer) and ore mills used mercury amalgamation processes to recover gold that 
inherently exposes waste materials to the mercury.  A few mines used cyanide leaching 
processes to recover gold from low-grade ore which also exposed waste materials to the 
cyanide.  In the past, these mining activities and gold recovery processes have increased 
the availability of selenium, mercury, and cyanide to waterways.  Presently, these 
chemical contaminants do not negatively impact water quality or aquatic species, but there 
is a potential risk that concentrated “pockets” of these chemicals are buried in the mine 
and dredge tailing areas that could eventually be released into the waterways. 

Dredging activities have left the valley bottoms of the Yankee Fork (Jordan Creek to Pole 
Flat Campground) and Jordan Creek (lower 1.4 miles) covered by dredge tailing mounds.  
The dredge(s) altered, and in most cases obliterated, the Yankee Fork and Jordan Creek 
channels and new channels were subsequently constructed through the dredge tailings.  As 
a result, the dredge tailings presently provide artificial valley bottom constraints that 
confine flows to within the channels, disconnect channel/floodplain interactions, and 
disconnect tributaries in several areas. 

Significant changes to channel structure and channel/floodplain interactions have occurred 
on the Yankee Fork between Jordan Creek and the West Fork.  Historically, this area 
likely had an unconfined channel with a straight-to-meandering channel pattern and 
functioning channel/floodplain interactions based on the 1945 aerial photographs.  
Presently, the Yankee Fork channel and the lower West Fork channel are confined with a 
straight channel pattern and channel/floodplain interactions are largely disconnected.  
Available juvenile rearing habitat and high water refugia, and adult spawning habitat have 
decreased, and stream energy is no longer dissipated over the floodplain. 

Mine tailing piles disconnect Jerrys Creek and Silver Creek (perennial tributaries) from 
the Yankee Fork that historically may have provided juvenile rearing habitat for both 
Chinook salmon and steelhead in the low gradient sections along the valley floor, and 
steelhead rearing and spawning habitat in the higher gradient sections along the valley 
wall.  For example, the Bureau of Fisheries Stream Survey in 1934 reported many 
fingerlings were observed in the lower ¼-mile section of Silver Creek (USDC 1934). 

Jordan Creek and Ramey Creek were channelized through dredge tailings near their 
downstream ends.  Flows are confined to within the channel and stream power is no 
longer dissipated over a functioning floodplain (or alluvial fan). 
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7.2.2 Livestock Grazing 

Grazing in the subwatershed began in the late 1800s with the settlement of the towns of 
Custer and Challis.  Sheep grazed the Yankee Fork Unit until the 1940s.  Cattle still graze 
in the Yankee Fork Unit, but the extent of livestock use has declined significantly since 
the 1950s (USFS 2006). 

Livestock grazing in the Yankee Fork headwater areas has significantly changed through 
time and management practices.  Before the 1940s, livestock were able to graze on an 
“open-range” with direct access to riparian areas.  Since the 1950s, livestock grazing has 
decreased due to “controlled” access and utilization of riparian areas for grazing are 
monitored (or excluded).  Vegetation monitoring by the USFS near the head of the 
Yankee Fork and McKay Creek show that the vegetation has been primarily improving 
from 1966 to 1987 (USFS 2006). 

Grazing was halted in 2011 by the 2011 Annual Operation Instructions (AOI) for the 
Garden Creek C&H allotment that states under Section VIII – Special Considerations for 
the 2011 grazing season that “No grazing or trailing will occur in the Yankee Fork Unit; 
and this unit has been removed from the action area within the Garden Creek Allotment 
Biological Assessment.  The Forest will complete consultation in this unit in the future 
before grazing resumes” (USDA 2011). 

The riparian corridors are important in creating and maintaining channel form and 
function, thermal regime (i.e., shading), and ecological connectivity.  In the moderately 
confined and unconfined valley segments in the Middle and Upper Yankee Fork 
subwatersheds, historic livestock grazing of the riparian corridors and access to the 
channel probably resulted in channel widening from removal of vegetation along the 
channel and trampling along the banks to access water, in addition to increased fine 
sediment and nutrient inputs.  Presently, the USFS is excluding livestock grazing in the 
Garden Creek C&H allotment located in the Middle and Upper Yankee Fork 
subwatersheds and will complete consultation before grazing resumes.  The riparian 
vegetation has and continues to improve in density and vitality along stream corridors that 
were grazed and is trending toward a properly functioning condition. 

7.2.3 Timber Harvests 

During the mining boom in the late 1800s and early 1900s, timber was extensively 
harvested to support the mining industry.  The 1916 Intensive Land Classification for the 
Challis National Forest, states that along the Yankee Fork, “most of the good timber was 
taken out years ago for mining use and for cordwood.”  In addition, most of the lumber 
used in building Custer and Bonanza was cut in Lavalle Creek (now Sawmill Creek) that 
enters West Fork near Bonanza.  There are also indications that many side drainages along 
the Custer Motorway were logged during this time period (USFS 2006). 
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Presently, there is little logging activity occurring in the watershed.  From about the early 
1980s to 2006, there was just over 100 acres of timber harvested in the watershed (Table 
9).  No large or mature trees appear to have been harvested during this timeframe. 

Table 9.  Timber harvests in the Yankee Fork watershed. 

Subwatershed Interval (Years) Harvest (Acres) Successional Stage  

Middle Yankee Fork Unknown 5.7 acres Seedling 

Lower Yankee Fork 1983-1987 (Bonanza) 

2006 (Pole Flat) 

76.7 acres Sapling/Pole 

Jordan Creek 1987 12.5 acres Pole 

West Fork 1993 (?) 10 acres Pole 

Sources:  Salmon-Challis National Forest Timber Sale Harvests geodatabase 2010, and USFS 2006 

Historic logging activities impacted physical and ecologic processes associated with the 
riverine systems in many ways that include; (a) timber removal from the valley bottoms 
and walls, and side drainages would have increased sediment supply and delivery to the 
channel network due to erosion associated with the disturbed areas; (b) loss of large and 
mature trees would have depleted the quantity and quality of wood supplied to the channel 
network which would have resulted in decreased in-stream complexity and habitat; and (c) 
removal of woody vegetation along stream corridors would have destabilized streambanks 
resulting in channel widening and/or increased lateral channel migration rates. 

More recent timber harvests (1980s to present) have been minor with the removal of 
seedling-to-pole size trees.  Vegetation density and coverage along the stream corridors 
and valley walls have been improving, except in areas where dredge tailings persist.  With 
the improving riparian and upland vegetation conditions, sediment supply and delivery to 
the channel network should trend towards more natural levels of variability.  As the 
vegetation progresses from small tree to mature tree successional stages, larger wood sizes 
will become increasingly more available to the channel networks and should result in an 
increase in channel complexity, and improved habitat quantity and quality. 

7.2.4 Anthropogenic Disturbance History Conclusions 

Mining activities have resulted in the most significant anthropogenic disturbances in the 
watershed.  Water quality has been negatively impacted by chemical contaminants in the 
past (Rodeheffer 1935), and there remains the potential risk that these chemical 
contaminants from tailings and processing areas could eventually be released into the 
waterways.  Further discussion on this indicator is contained in Section 7.4 Water Quality 
and Quantity of this report. 
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The dredged area along the Yankee Fork valley bottom between Jordan Creek and Pole 
Flat Campground, and the lower 1.4-mile section of lower Jordan Creek are the most 
negatively affected areas based on physical and ecological processes.  Valley bottoms 
were cleared of vegetation and are now predominantly barren mounds of dredge tailings 
with isolated patches of vegetation resulting in fragmentation of terrestrial and aquatic 
ecological interactions.  The construction of the Yankee Fork channel and channelization 
of tributaries through the dredge tailings has further confined these channels and reduced 
channel/floodplain interactions, disconnected tributaries, and increased flow velocities 
basal shear stress within the channel.  Impacts to aquatic habitat include:  (1) loss of 
juvenile rearing habitat and high water refugia; (2) reduction in spawning habitat; (3) 
isolation of tributaries that historically provided juvenile rearing habitat; and (4) increased 
flow velocities and basal stress in several channels.  Further discussions at the reach-scale 
are presented in Section 8 Valley Segments and Geomorphic Reaches of this report. 

Past livestock grazing and timber harvest practices impacted (1) channel form and 
function; (2) streambank stability; (3) sediment supply and delivery; (4) thermal regimes; 
and (5) ecological connectivity.  Current USFS management practices preclude livestock 
grazing and timber harvest activities on their administered lands.  The indication is that 
vegetation density and coverage along stream corridors and valley walls have been 
improving, except in areas where dredge tailings persist.  The improving riparian and 
upland vegetation conditions have positively impacted sediment supply and delivery 
processes to the channel network by reducing erosion and providing streambank stability.  
In addition, as vegetation grows and progresses from small tree to mature tree 
successional stages, larger wood sizes will become increasingly more available to the 
channel networks. 

The condition rating for anthropogenic disturbance history is at risk due to negative 
impacts from past and present mining activities. 

7.3 Riparian Reserves 
The USFS evaluated the condition of riparian conservation areas by 6th field HUC 
subwatersheds.  The upper Yankee Fork, middle Yankee Fork, and West Fork 
subwatersheds were reported to be at or near natural levels for riparian vegetation (USFS 
2006).  In the dredged areas in the lower Yankee Fork and Jordan Creek subwatersheds, 
there is a thin riparian corridor that is fragmented due to the dredge tailings. 

7.3.1 Riparian Reserves Conclusions 
The overall condition rating for Riparian Reserves (or Riparian Conservation Areas) is 
functioning at risk due to the impacts from dredging (USFS 2006).  The lack of a riparian 
vegetation corridor being re-established along waterways in the dredge tailing areas, and 
the lack of connectivity between vegetation patches has negatively impacted ecological 
connectivity for both aquatic and terrestrial species. 
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7.4 Water Quality and Quantity 

7.4.1 Overall Water Quality 

All waters of the State of Idaho are designated for agricultural and industrial water 
supplies, wildlife, and aesthetics (IDEQ 2003).  The Idaho Department of Environmental 
Quality (IDEQ) has further designated the beneficial uses for the Yankee Fork water body 
as follows:  domestic water supply; cold water biota; salmonid spawning; primary contact 
recreation; and special resource water (IDEQ 2003). 

Water impairments listed on the 1998 303(d) include the following (IDEQ 2003): 

• Yankee Fork from Jordan Creek to Salmon River, about 9 river miles listed for 
sediment and habitat alteration. 

• Yankee Fork from Fourth of July Creek to Jordan Creek, about 2.9 river miles 
listed for sediment and habitat alteration. 

• Yankee Fork within Forest boundaries is listed for sediment. 

The Upper Salmon River Subbasin Assessment and TMDL, January 2003 (IDEQ 2003), 
found that “the biological signal is that the Yankee Fork is in Full Support of beneficial 
uses for coldwater biota and salmonid spawning.  Full Support does not indicate that 
spawning habitat is in optimal condition.  Perturbance of habitat is not a recognized 
pollutant for which a TMDL is prepared.”  As a result of these findings, the Yankee Fork 
is solely listed for Habitat Alteration and will continue to be monitored for changes in 
beneficial use support.  Additionally, a total maximum daily load (TMDL) for sediment 
was determined to not be warranted at that time. 

In the Department of Environmental Quality Working Principles and Policies for the 2008 
Integrated (303[d]/305[b]) Report (IDEQ 2009), the Yankee Fork from source to mouth 
was classified as Category 2, which means the water body was found to be fully 
supporting those beneficial uses that were assessed.  The Yankee Fork from its source 
waters to Jordan Creek was classified as Category 4c which means the water body was 
identified as impaired due to physical habitat alterations but did not require preparation of 
a TMDL.  In the Draft 2010 Integrated Report, the Yankee Fork from its source to Jordan 
Creek has been proposed for delisting for physical substrate habitat alterations and 
sedimentation/siltation because applicable water quality standards were attained and the 
original basis for listing was found to be incorrect (IDEQ website: 
http://www.deq.idaho.gov/water-quality/surface-water/monitoring-assessment/integrated-
report.aspx). 
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7.4.2 Fine Sediment 

The NOAA Fisheries Service’s Matrix of Pathways and Indicators (NOAA Fisheries 
1996) is not currently incorporated into the State of Idaho Water Quality Standards or the 
Water Body Assessment Guidance.  Presently, TMDLs are not prepared based on risk.  
They are only intended to address beneficial uses and meet the intent of the Clean Water 
Act (IDEQ 2003).  Some information was available on fine sediment (Table 10), but was 
found to be inconclusive and therefore identified as a “data gap” in which more 
information was needed (IDEQ 2003). 

The following is a summary on fine sediment from a Salmon-Challis National Forest 
Biological Assessment for potential effects (USFS 2006).  The Challis National Forest 
Plan identified a sediment standard of 30 percent fines.  Below this threshold, habitat is 
considered to be at full capability and the substrate condition ceases to be a limiting 
factor.  The highest fine sediment measurements collected in the Yankee Fork watershed 
were in Tenmile Creek, McKay Creek, and the Yankee Fork below Tenmile Creek.  
Surface fines (fine sediment) are not considered a limiting factor; core sampling data 
indicates averages of 14 to 28 percent fines at depth. 

Table 10.  Salmon-Challis National Forest Core Sampling Sediment Data (USFS 1999). 

Core Sampling Sediment Trends – 1995 to 1999 – Mean Percent (%) Fines 

Stream/Station 1995 1996 1997 1998 1999 

Yankee Fork 1A 27.1 20.5 19.6 27.8 24.1 

Yankee Fork 2A 15.6 29.5 14.9 22.6 27.5# 

Yankee Fork 3A 13.2 29.1 5.3 14.7 24.2# 

Yankee Fork 4A 40.6 36.1 27.4 25.2 32.7* 

Yankee Fork 5A 31.5 29.7 23.6 21.0 15.7* 

WF Yankee Fork 21.9 - 27.5 18.1 25.1 

Jordan Creek 0A 26.2 32.1 18.4 13.9 15.3* 

Jordan Creek 1A 17.6 - - - - 

Jordan Creek 2A 16.0 22.5 18.0 17.5 21.1# 

Jordan Creek 3A 14.3 23.5 16.7 10.9 23.1# 

Jordan Creek 4A 13.5 - - - - 

Fivemile Creek 1A 14.3 - 20.8 28.8 11.7 

Tenmile Creek 32.3 - 36.9 28.5 33.7 

McKay Creek 1A 19.0 - 29.3 33.2 30.1# 

#Significant increase over the five-year period (1995-1999). 
*Significant decrease over the five-year period (1995-1999). 
Stream in bold are 303(d) listed for sediment.  
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7.4.3 Surface Water Temperature 
Table 11 and Table 12 summarize the water temperature thresholds used by the Salmon-
Challis National Forest and IDEQ.  Water temperature monitoring by the Salmon-Challis 
National Forest indicate that the maximum weekly (7-day average) maximum temperature 
at most water temperature monitoring stations along the mainstem Yankee Fork and West 
Fork exceeded the temperature limits set by the USFS.  The 2001 Yankee Fork Watershed 
Analysis explains that water temperatures are generally less than 57º F within most 
reaches (USFS 2006).  Water temperatures are warmer during the late summer period in 
the Yankee Fork below Jordan Creek and fish seek refugia in cooler tributary streams (i.e., 
West Fork where water temperatures are generally 37 to 41º F).  Water temperature is not 
considered limiting in most surface waters, with the exception of the dredged area on the 
Yankee Fork below Jordan Creek (USFS 2006). 

Table 11.  USFS water temperature standards for salmonids (USFS 2006). 
Use Metric Salmonid Incubation Salmonid Juvenile 

Rearing 
Salmonid Spawning 

MWMT1 36-41º F (2-5º C) 39-54º F (4-12º C) 39-48º F (4-9º C) 
1MWMT = Maximum Weekly (7-day average) Maximum Temperature 

 
Table 12.  IDEQ water temperature standards for cold water use 
(http://www.deq.idaho.gov/water-quality/surface-water/temperature.aspx). 
Use Metric Cold Water Salmonid Spawning Bull Trout 

MDMT1 72º F (22º C) 55º F (13º C)   N/A 

MWMT2 N/A N/A 55º F (13º C)  

MDAT3 66º F (19º C)  48º F (9º C)  N/A 
1MDMT = Maximum Daily Maximum Temperature 
2MWMT = Maximum Weekly (7-day average) Maximum Temperature 
3MDAT = Maximum Daily Average Temperature 

Detailed thermal imaging was conducted in 2010 along the Yankee Fork between RM 
16.4 and 3.4, Jordan Creek between RM 4 and 0, West Fork, and Rankin Creek in August 
2010 (Watershed Sciences 2010).  Complete analysis of the data and trends are included 
in Appendix J.  The following is a brief summary of the analysis within the TA area 
(Yankee Fork and Jordan Creek). 

Along the Yankee Fork mainstem between about RM 16.4 and 3.4, water temperatures 
generally ranged from 48 to 56º F.  Eightmile Creek (RM 16.4) and Jordan Creek (RM 
9.1) were noted to contribute warmer waters to the mainstem.  The West Fork had an 
insignificant influence on water temperature in the Yankee Fork.  Some tailing pond 
outlets contributed warmer waters, but most contributed cooler waters.  Several smaller 
tributaries and springs contributed cooler waters and their locations were noted in the 
analysis. 
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In Jordan Creek between about RM 4 to the Yankee Fork confluence, water temperatures 
generally ranged from 49 to 60º F.  Along the lower ½-mile of the creek, water 
temperatures exceeded 59º F.  A mine discharge outlet near RM 4 contributed 
significantly warmer waters to Jordan Creek.  Inflows from tributaries contributed 
predominantly cooler waters with only a few exceptions. 

Warm water temperatures and their effects on habitat quality are a concern primarily in 
the Yankee Fork downstream of Jordan Creek.  In general, warm water contributions to 
the Yankee Fork come from Jordan Creek and some tailing pond outlets.  There are also 
several smaller tributaries, springs, and tailing ponds that contribute cooler waters to the 
Yankee Fork.  Locations of warm and cool water sources should be considered when 
evaluating alternatives to improve habitat such as reconnection of isolated habitats that 
could maximize refugia for fish seeking cooler waters. 

7.4.4 Chemical Contaminants 

Selenium naturally occurs as varying compounds in many volcanic rocks and soils, and 
can be concentrated by hydrothermal processes associated with volcanism.  Weathering 
and erosion processes can liberate the soluble forms of selenium which can be readily 
transported by runoff.  Mining of the epithermal veins to recover precious metals may 
have produced higher concentrations of selenium by increasing the surface area of the 
source rock that is exposed to weathering (Frost and Box 2009). 

Low to moderate concentrations of mercury were most likely deposited by hydrothermal 
processes during the Challis Volcanics episode, but there are no indications that high 
concentrations naturally occur (i.e., cinnabar deposits) (Fisher and Johnson 1995).  
However, elemental mercury was used in some areas where the extraction and processing 
of ore and placer deposits occurred.  Varying concentrations of elemental mercury could 
be anticipated wherever placer mining, hard-rock mining, and ore processing have 
occurred throughout the watershed (Frost and Box 2009). 

The effects of selenium and mercury on aquatic life were assessed for this TA (Appendix 
B).  Background selenium concentrations appear to have low to no risk to aquatic life in 
the system based on available information (Frost and Box 2009).  Bioaccumulation of 
selenium appears to be occurring through the food chain, suggesting a slight elevated risk 
of toxicity to aquatic life based on Environmental Protection Agency (EPA) guidelines 
(EPA 2004, Rhea et al. 2008).  Anadromous fish populations may be at lower risk of 
selenium bioaccumulation, while resident fish populations may be at a higher risk for 
selenium bioaccumulation.  This difference in risk is due to the length of time (period) and 
life stage(s) they utilize the watershed which directly influences the fish’s rate of selenium 
bioaccumulation. 
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Mercury levels found in fish and fish tissues obtained do not indicate any considerable 
contamination.  Studies (Rhea et al. 2008; Frost and Box 2009) suggest there is little 
bioconcentration of mercury from the sediments to the fish tissues.  According to the EPA 
and State of Idaho human health concern criteria, there is little or no risk to human health 
and the aquatic environment from mercury in the fish tissues of the second trophic level 
fish that were analyzed. 

Life histories of anadromous and fluvial fish species need to be considered in the 
evaluation of the potential harmful effects of selenium and mercury concentrations.  These 
fish spend most of their lives outside of the watershed which may help protect them from 
accumulating harmful concentrations.  The result is that the body burdens of these fish are 
most likely an integration of toxic loads from other water bodies. 

There remains a potential risk of chemical contamination from past and present mining 
activities (i.e., selenium, mercury, cyanide, etc.).  Past mining activities are known to have 
had negative water quality impacts.  For example, Rodeheffer (1935) reported “that creek 
(Jordan Creek) is so badly polluted by several small mines along its course that no fish or 
fish foods are found.”  Pollution control efforts have been implemented at the Grouse 
Creek Mine which is being reclaimed to control discharge of cyanide from leaking tailings 
ponds into Jordan Creek, and Preachers Cove ore processing site on the Yankee Fork near 
RM 7.3 has been reclaimed (IDEQ 2003). 

Presently, there are no chemical contaminants which affect water quality that are not 
within IDEQ standards.  However, some chemical contaminant sources related to past and 
present mining activities pose a risk that contaminants may become available to the 
channel network.  Therefore, water quality continues to be a “threat” to aquatic species 
(primarily due to chemical contamination). 

7.4.5 Water Quantity 

The USGS streamflow gage (USGS Gage Number 13296000) discharge statistics for the 
period of record (May 1921 to February 1949) include the following: 

Mean annual flow    = 197 cfs 
Mean annual peak flow  = 1,603 cfs 
Maximum daily average flow  = 3,360 cfs (June 12, 1921) 
Minimum daily mean flow  = 10 cfs (December 5 and 6, 1927) 

The Tribes have been taking periodic instantaneous stream discharge measurements since 
2006 in the lower part of the watershed.  The USGS is planning to install a continuous 
data collector at the historic gaging station site on the Yankee Fork so that future 
monitoring of hydrograph changes will be possible. 
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There are no dams that regulate flows in the watershed, and there is no evidence of a 
change in hydrograph timing, peak flow, or base flow from the available records.  Total 
surface water and groundwater withdrawals based on water rights within the Yankee Fork 
watershed are about 46 cfs, or 23 percent of the mean annual discharge (197 cfs). 

Water quantity is an indicator of available habitat for salmonids in a waterway.  
Thresholds associated with determining the functional condition of water quantity are 
vague (i.e., adequate versus inadequate instream flows).  Presently, water quantity appears 
to be adequate since the Yankee Fork and primary fish-bearing tributaries maintain year-
round instream flows. 

7.4.6 Water Quality and Quantity Conclusions 

Water quality presently meets IDEQ standards.  Additional consideration was given to 
water quality indicators described in NOAA Fisheries 1996 matrix of pathways and 
indicators.  Conditions of these indicators based on the suggested thresholds in the matrix 
of pathways and indicators were all found to be currently functioning properly although 
there was some variability for the fine sediment and surface water temperature indicators.  
Although the chemical contamination indicator is currently within the properly 
functioning threshold, there are some chemical contaminant sources related to past and 
present mining activities that may become available to the channel network through 
natural and anthropogenic disturbances; thereby, posing a threat to aquatic species.  The 
ongoing mining activities and presence of elemental mercury from past mining in the 
watershed justifies a condition rating of at risk for chemical contamination. 

Instream flows (water quantity) are currently sufficient to maintain year-round access 
through the Yankee Fork mainstem to other fish-bearing tributaries (i.e., West Fork, 
Jordan Creek, Eightmile Creek, etc.).  There are no dams regulating flows and there is no 
evidence showing a change in the hydrograph timing, peak flow, or base flow for the 
period of record.  Therefore, based on current information, the water quantity indicator is 
functioning properly. 

7.5 Habitat Access 

There are no man-made physical barriers present on the mainstem of the Yankee Fork that 
prevent fish passage.  However, some tributaries have been disconnected by man-made 
physical barriers (i.e., dredge tailings) that were generally discussed in the Mining Activity 
subsection of Anthropogenic Disturbances.  These disconnected tributaries and 
channelized sections are discussed in more detail at the reach-scale in Section 8 Valley 
Segments and Geomorphic Reaches of this report. 
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7.5.1 Habitat Access Conclusions 

The threshold provided in the matrix of pathways and indicators for properly functioning 
is that there are no man-made (physical) barriers that restrict fish passage.  At the 
watershed-scale, this threshold implies that there are no mainstem, man-made physical 
barriers such as large water storage dams that prevent fish access into the watershed or a 
large area of the watershed.  Since there are no man-made physical barriers that prevent 
watershed access, the habitat access indicator is properly functioning. 

7.6 Habitat Elements 

The Biological Appendix (Appendix H) includes an analysis of habitat conditions from 
several stream surveys dating back to 1934.  The following is a summary covering the TA 
area. 

The U.S. Bureau of Fisheries conducted a stream survey of the Yankee Fork in 1934 
(Rodeheffer 1935).  Information from this report indicated that the Custer Motor Highway 
followed the entire length of the Yankee Fork and McKay Creek.  Stream temperatures on 
the Yankee Fork did not exceed 60º F and flow decreased greatly during the latter part of 
summer.  In the lower section of Yankee Fork, Rodeheffer (1935) found that the stream 
substrate was almost entirely made up of large stones and boulders.  Above Fivemile 
Creek, he mentions that the stream substrate is composed largely of gravel and that 
salmon spawn in this region.  According to Rodeheffer (1935), good pools were lacking, 
but spawning areas were excellent. 

Two recent stream surveys completed in the Yankee Fork watershed show some 
similarities to those of Rodeheffer (1935).  In 2001, the USFS conducted a R1/R4 Fish 
Habitat Inventory on the Yankee Fork mainstem.  This survey was completed from the 
mouth of the Yankee Fork upstream to the confluence with Jordan Creek.  Results of the 
survey indicated a lack of pools and high width/depth ratios.  Spawning and rearing 
habitat were identified as in poor condition in the dredged area and in fair to good 
condition upstream of the dredge tailings and in the West Fork.  The 2001 survey also 
found that pool frequency, pool quality, large woody debris, and instream cover were 
limiting for juvenile rearing habitat. 

In 2010, a Level II Stream Inventory Survey was conducted by the Wallowa-Whitman 
National Forest La Grande Ranger District using protocols listed in the Pacific Northwest 
Region, Region 6, Stream Inventory Handbook, Level I & II, Version 2.10 (USFS 2010).  
The survey covered the mainstem Yankee Fork between about RM 17.1 and 2.6 
(Appendix K), and Jordan Creek between about RM 3.6 to its confluence with the Yankee 
Fork (Appendix L).  The purpose of this inventory was to identify existing stream 
channel, riparian, and aquatic ecosystem conditions for the Yankee Fork and Jordan Creek 
within the TA area. 
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Results of the 2010 Level II stream habitat survey for the Yankee Fork and Jordan Creek 
indicated that overall, stream habitat conditions have not changed substantially between 
the 2001 R1/R4 Fish Habitat Inventory and the 2010 Level II Stream Habitat Survey, and 
likely have changed only within Reach 3 since the 1934 survey. 

7.6.1 Habitat Elements Conclusions 

The Riparian Management Objectives and other similar objectives (i.e., matrix of 
pathways and indicators) provide guidance on the desired quantity and condition of 
habitat elements.  Knowledge of fluvial processes and habitat potential is left to the 
investigator, or evaluator, to determine the habitat elements that are appropriate based on 
the geomorphology and hydraulics of the river.  For this TA, a condition rating of habitat 
elements at the watershed-scale is not appropriate due to the area of the watershed 
surveyed; variability in valley and channel confinement; and variability in channel types 
that strongly influence which habitat elements would be expected (i.e., large wood and 
pool frequency).  Condition ratings are generally applied at the valley segment or 
geomorphic reach when a Reach Assessment is conducted.  With that said, brief 
discussions on the applicability of the habitat elements and desired objectives (or matrix 
of pathways and indicators threshold) for each geomorphic reach are in Section 8 Valley 
Segments and Geomorphic Reaches of this report. 

7.7 Watershed Condition Summary 

The most significant impacts in the watershed that affect physical and ecological 
processes are from mining activities, especially in the Lower Yankee Fork and Jordan 
Creek subwatersheds (Table 13).  Due to the mining impacts, an at risk condition rating 
was given for the following indicators:  (1) anthropogenic disturbance history; (2) riparian 
reserves; and (3) water quality.  The road density and location indicator also received an at 
risk condition rating due to several roads being located on the valley bottoms and adjacent 
to waterways. 

 

Table 13.  Watershed condition summary. 

Watershed Pathway or Indicator Condition Rating Comments 

Road density and location At risk The watershed appears to have a 
low road density (less than 2 
mi/mi2); but these calculations do 
not include mining access roads 
or all-terrain vehicle trails; and 
there are several roads located on 
the valley bottoms and adjacent to 
waterways  
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Watershed Pathway or Indicator Condition Rating Comments 

Anthropogenic disturbance history At risk Mining activities in the lower 
Yankee Fork and Jordan Creek 
subwatersheds have negatively 
impacted riverine processes 

Riparian reserves At risk Riparian reserves are at or near 
natural levels throughout most of 
the watershed; the exceptions are 
in the dredged reaches in the 
lower Yankee Fork and Jordan 
Creek subwatersheds 

Water quality and quantity Water quality – at risk 

Water quantity – properly 
functioning 

There remains a threat to water 
quality and aquatic species due to 
potential chemical contaminants 
associated with past and present 
mining activities 

Habitat access (Yankee Fork 
mainstem) 

Properly functioning There are no man-made fish 
passage barriers along the 
mainstem Yankee Fork preventing 
fish migration into the watershed 

Habitat elements Not rated The desired habitat elements to 
meet thresholds in the Riparian 
Management Objectives or matrix 
of pathways and indicators need 
to be considered at the valley 
segment or reach scales; 
therefore a condition rating is not 
provided at the watershed-scale 

 

8. Valley Segments and Geomorphic Reaches 
The Yankee Fork is a 5th field HUC watershed that has been divided into five 6th field 
HUC subwatersheds.  These subwatersheds include the upper Yankee Fork, middle 
Yankee Fork, lower Yankee Fork, Jordan Creek, and West Fork.  The TA area is located 
in the middle Yankee Fork, lower Yankee Fork, and Jordan Creek subwatersheds.  The 
upper Yankee Fork and West Fork subwatersheds were not included in the geomorphic 
reach prioritization because they are within the jurisdiction of the Salmon-Challis National 
Forest, and the geomorphic reach prioritization objectives in the TA were primarily 
focused on privately owned lands. 
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Valley segments were analyzed to identify significant differences in valley form, type, 
gradient, and confinement (Appendix G).  The following valley classifications were used 
in this analysis: 

• Valley form from Naiman et al. (1992) as recommended by Hillman (2006). 

• Valley type from Bisson, Buffington, and Mongomery (2006). 

• Valley confinement from Hillman (2006) and ODFW (2010). 

Further analysis was completed to help identify and delineate geomorphic reaches.  Valley 
segments influence the overall channel type in a natural system, but in disturbed systems 
channel types may have changed within the valley segment due to anthropogenic impacts.  
In this analysis, the channel type classifications are based on the works of Montgomery 
and Buffington (1998) and the dominant channel type is described and, where appropriate, 
a range of channel types may be described for each geomorphic reach: 

• Colluvial channel – channels that typically occupy headwater portions of a channel 
network and occur where drainage areas are large enough to sustain a channel for 
the local ground slope. 

• Bedrock channel – channels with very little alluvial bed material or valley fill, and 
are generally confined by valley walls and lack floodplains. 

• Free-formed alluvial channel – alluvial channels that exhibit a wide variety of bed 
morphologies and roughness configurations that vary with slope and position; 
channels can further be defined by the channel bedform; cascade, step-pool, plane-
bed, pool-riffle, or dune-ripple. 

• Forced alluvial channel – channels with external flow obstructions, such as large 
wood, wood complexes, and bedrock outcrops, that force local flow convergence, 
divergence, and sediment impoundment that form pools, bars, and steps. 

Results from a steady flow one-dimensional hydraulic model using Hydrologic 
Engineering Center – River Analysis System (HEC-RAS) were used as a predictive tool to 
analyze the hydraulic conditions for the TA area (Appendix M).  The model estimated 
water surface elevation, flood inundation area, shear stress, and flow velocity along 17 
river miles of stream channel including 13 river miles along the Yankee Fork and 4 river 
miles along Jordan Creek.  The objectives of the hydraulic modeling were to: 

a. Estimate the water surface elevations for the 2-, 10-, and 100-year recurrence 
interval flood discharges. 

b. Estimate the average channel shear stress for the 2-year recurrence interval flood 
discharge. 
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c. Estimate the average velocity of flow in the main channel during the 2-year 
recurrence interval flood discharge. 

d. Estimate the flood inundation areas for the 10- and 100-year recurrence interval 
flood discharges, approximately equivalent to the valley constraints and the base 
flood elevation, respectively. 

8.1 Valley Segment Morphologies 

8.1.1 Yankee Fork 

Along the Yankee Fork longitudinal channel profile (Figure 18) the channel slope is 
steepest in the upper headwater area and then progressively decreases in gradient in the 
downstream direction.  There are three prominent perturbations along the channel slope 
that are controlled by geologic features.  The slope deviation between about RM 28 and 
25 in the upper Yankee Fork section is the basal section of a glacial cirque, which was 
excavated by alpine glaciers.  Between about RM 15 and 12 in the middle Yankee Fork 
section, the change in slope is the result of a landslide deposit that blocked the river, 
impounding a lake until the river was able to incise through the deposit.  Finally, the 
steepening of slope between RM 3 and 0 in the lower Yankee Fork section is related to 
river incision most likely associated with the Idaho batholith uplift and base-level change 
along the mainstem Salmon River creating a V-shaped canyon. 

 
Figure 18.  Yankee Fork longitudinal channel profile showing subwatershed locations. 
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8.1.2 Jordan Creek 

The channel slope is steepest in the headwater area and then progressively decreases in 
gradient in the downstream direction (Figure 19).  The steep channel slope between RM 8 
and 6.4 and flatter slope between RM 6.4 and 4 resulted from the erosion of alpine 
glaciers.  Glaciers formed in the steeper section (RM 8 to 6.4) eroding a steep-walled 
recess (cirque) and then flowed down the valley eroding a U-shaped trough (RM 6 to 4).  
The stream has been eroding through the Challis Volcanics creating a V-shaped bedrock 
canyon from RM 4 to 1.4, and depositing alluvium between about RM 1.4 and the Yankee 
Fork/Jordan Creek confluence. 

 

 
Figure 19.  Jordan Creek longitudinal channel profile. 
 

8.2 Middle Yankee Fork Subwatershed 

8.2.1 Geomorphic Reach Delineations 

The middle Yankee Fork subwatershed is located between about RM 16.3 and 9.1 with a 
drainage area of 44.3 mi2 and a drainage density of about 1.56 mi/mi2.  Bedrock geology 
is the Challis Volcanics that are offset by the northeast trending Trans-Challis fault system 
which controls the location of the southern bounding fault along the Custer graben.  The 
valley’s north-northeast orientation coincides with these geologic structures that control 
the location and position of the Yankee Fork.  Alpine glaciers and a landslide have 
influenced the valley form, type, and confinement which influence the channel type, 
slope, and bedform (Table 14 and Figure 20). 
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The analysis showed that the valley segments and geomorphic reaches are coincident 
based on geologic history, geomorphic process, and channel morphology.  Figure 21 
shows the location of the geomorphic reaches and is an index map for each of the 
geomorphic reach maps. 

Table 14.  Middle Yankee Fork geomorphic reach delineations and associated channel 
morphology. 

River 
Miles 

General 
Valley 
Location 

Geomorphic 
Reaches  

Valley 
Form1 

Valley 
Type2 

Valley 
Confinement3 

Valley 
Gradient 

Channel 
Reach 
Type2 

Channel 
Bedform 
Type2 

Channel 
Slope 

Dominant 
Substrate 
Size 
Class4 

RM 
16.3-
13.2 

Upper 
Section 

Reach YF-6 U1:  U-
shaped 
trough 

Alluvial  Unconfined 0.76 
percent 

Free-
formed 
alluvial 
channel 

Pool-
riffle  

0.66 
percent 

Gravel 

RM 
13.2-
11.6 

Middle 
Section 

Reach YF-5 V3:  V-
shaped 
bedrock 
canyon 

Bedrock Confined 2.34 
percent 

Bedrock 
channel 

Step-
pool  

2.24 
percent 

Bedrock 

RM 
11.6-
9.1 

Lower 
Section 

Reach YF-4 V4:  
Alluvial 
mountain 
valley 

Alluvial Moderately 
Confined 

1.20 
percent 

Free-
formed 
alluvial 
channel 

Plane-
bed  

1.10 
percent 

Gravel 

1Classification based on Naiman et al. (1992) as recommended in Hillman (2006) 
2Channel type classification based on Montgomery and Buffington (1993) 
3Monitoring Strategy for the Upper Columbia Basin (Hillman 2006) 
4From Stream Inventory Survey 2010 (Appendix K) and USFS (2006) 

 
Figure 20.  Middle Yankee Fork subwatershed longitudinal channel profile with reach 
locations. 
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Figure 21.  Middle Yankee Fork subwatershed index map with geomorphic reach breaks. 
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Geomorphic Reach YF-6 
Geomorphic Reach YF-6 (Figure 22) is located between about RM 16.5 and 13.3, in an 
unconfined valley segment.  The river has a channel slope of about 0.7 percent that is 
influenced by glacial outwash deposits and a landslide downstream in Geomorphic Reach 
YF-5.  The landslide impounded the river long enough to create a lake that subsequently 
filled with sediment and resulted in a relatively flat slope.  Channel pattern is 
predominantly straight with an overall sinuosity of about 1.15 and there are some channel 
segments that do have meandering channel patterns.  The overall rate of lateral channel 
migration is considered to be low-to-moderate based on these channel patterns (Beechie et 
al. 2006).  The channel type is predominantly a free-formed alluvial channel along the 
straighter channel segments.  There are some channel segments trending towards a forced 
alluvial channel type where there has been lateral channel migration and flows interact 
with wood complexes (i.e., logjams) and vegetated bars. 

The one-dimensional hydraulic modeling shows that the active channel/floodplain 
interactions are connected and the channel can access adjacent floodplain areas, oxbows, 
and side channels.  Streamflows begin to access adjacent floodplains, oxbows, and side 
channels at the 1.11-year recurrence discharge.  The average shear stresses in the main 
channel during the 2-year recurrence discharge is approximately 0.5 pounds per square 
foot (lb/ft2) which indicates the river is capable of transporting gravels up to about 1.3 
inches in dimension.  There are two minor peaks in shear stress.  At RM 15.6, the channel 
is constrained on the left bank by a steep valley wall and at RM 14.4 downstream of the 
alluvial fan deposits from Greylock Creek, velocities have increased where the channel is 
constrained by a steep embankment on river left.  The average flow velocity in the main 
channel of Reach YF-6 during the 2-year recurrence discharge is 4.7 feet per second (ft/s). 

Local coarse sediment inputs are from lateral channel migration and tributaries.  The 
channel is reworking the floodplain deposits through lateral channel migration.  Where the 
channel comes into contact with the lake deposits that are typically underlain with glacial 
outwash, erosion is occurring and contributing gravel with sand and fines to the system.  
There are five perennial tributaries and several ephemeral drainages that are providing 
sediment inputs.  Perennial tributaries are providing sediment pulses during high flow 
events and serve as conduits for episodic debris flows.  These perennial tributaries 
include:  (a) Eightmile Creek near RM 16.3 on river right; (b) Sevenmile Creek near RM 
16 on river left; (c) Sixmile Creek near RM 14.4 on river left; (d) Greylock Creek near 
RM 14.3 on river right; and (e) Fivemile Creek near RM 13.2 on river left.  Greylock and 
Fivemile creeks, may also be contributing fine sediments from the erosion of lake deposits 
near their downstream ends.  Ephemeral tributary sediment inputs are primarily from 
debris flows associated with high intensity thunderstorms.  Ephemeral drainages that show 
evidence of these debris flows occur near RM 16.3 on river right, RM 16 on river left, RM 
15.8 on river left, RM 15.6 on river left, RM 15.4 on river right, and RM14.7 on river left. 
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Figure 22.  Yankee Fork Geomorphic Reach YF-6 in the middle Yankee Fork subwatershed. 
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Anthropogenic Disturbances 

Historic timber removal from the floodplain and adjacent valley walls to support the 
mining boom in the late 1800s and early 1900s most likely depleted the number of large 
trees (i.e., ponderosa pine, Douglas-fir) available to the channel for recruitment.  The 
removal of mature timber, and potentially fire suppression and insect kill, may have 
changed the vegetation assemblage that historically occupied this area prior to European 
settlement (Overton et al. 1999), enabling the encroachment of other species (i.e., 
lodgepole pine) which provides smaller wood sizes to the channel.  Wood complexes 
comprised predominantly of lodgepole pines do create variability in channel processes 
that affect sediment deposition, scour, and habitat (Figure 23).  However, larger wood 
sizes would more effectively contribute as a “forcing agent” to create a higher degree of 
channel variability and habitat complexity. 

Other anthropogenic disturbances that have affected channel/floodplain processes include 
road embankments along the Custer Motorway adjacent to the channel, the Fivemile 
Creek Bridge crossing near RM 13.9, and dispersed campsites.  Road embankments have 
encroached on the river in some locations and placement of bank protection along sections 
of the embankments affect lateral channel migration and bed scour along hard-points in 
localized areas.  The Fivemile Creek Bridge causes artificial channel confinement, 
disconnects localized floodplain areas, and appears to create a backwater condition 
upstream of the bridge by imparting hydraulic controls at the 2-year and above recurrence 
floods.  Campsites adjacent to the river impact riparian vegetation needed for bank 
stability and channel boundary roughness, and may provide additional fine sediment 
inputs to the river.  However, at the reach-scale these anthropogenic disturbances affect a 
relatively small percentage of the geomorphic reach and modifications (or rehabilitation 
actions) would not significantly benefit fish production or abundance. 
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Figure 23.  View to the southwest near RM 14.9 showing forced alluvial channel variability.  
Wood complexes influence variability in channel processes and habitat complexity.  Lake and 
glacial outwash deposits (eroded high bank in the background) are common in this geomorphic 
reach and provide sediment inputs of predominantly gravel to fines.  Bureau of Reclamation photograph 
by Dave Walsh, September 2, 2010. 

 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon and steelhead use this geomorphic reach for spawning and juvenile 
rearing, and as a migratory corridor.  These findings are based on a Habitat Work Session 
meeting conducted on April 12, 2011 in Challis, Idaho with fisheries biologists from the 
Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey divided the geomorphic 
reach into two habitat reaches based on tributary inflows (Table 15).  Stream type 
classification for both habitat reaches was Rosgen (1996) C-stream type defined as a 
single-threaded channel that is slightly entrenched with moderate to high width-to-depth 
ratios, high sinuosity, and gravel channel material. 
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Table 15.  Geomorphic Reach YF-6 stream inventory survey habitat reaches and channel 
condition. 

River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel 
Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 
16.4 – 
14.4 

Reach 9 Eightmile Creek 
to Sixmile Creek 

C 26 feet 56 feet 121 feet 

RM 
14.4 – 
13.2 

Reach 8 Sixmile Creek to 
Fivemile Creek 

C 28 feet 54 feet 128 feet 

 

The number of pools per mile ranged from 18.3 to 19.3 with deep pools (greater than 3-
feet depth) comprising about 60 to 65 percent of pool habitat (Table 16).  Wood frequency 
for all wood measured ranged from 36 to 56 pieces of wood per mile. 

 

Table 16.  Geomorphic Reach YF-6 stream inventory survey habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per 
Mile 

Number of 
Pools > 3 Feet 
Deep Per Mile 

Average 
Residual Pool 
Depth 

Total Number 
of Wood Per 
Mile 

Reach 9 Gravel (2-64 mm) 19.3 11.6 2.7 feet 56 

Reach 8 Gravel (2-64 mm) 18.3 11.9 2.7 feet 36 

 

Discussion and Potential Habitat Actions 

The channel in this reach is unconfined with a channel slope of about 0.7 percent and the 
channel pattern is predominantly straight with an overall sinuosity of about 1.15.  Channel 
type is predominantly a free-formed alluvial channel with a low-to-moderate rate of lateral 
channel migration.  Channel/floodplain interactions are predominantly connected 
throughout the reach with two exceptions.  These exceptions are a bridge and 
embankment approaches near RM 13.9, and an embankment at the head of a meander near 
RM 13.7.  The bridge and its approaches confine the channel and disconnect small 
floodplain areas, and the embankment placed at the head of the meander deflects the river 
and prevents the channel from accessing the meander.  Other anthropogenic disturbances 
(i.e., Custer Motorway) do not significantly impact channel processes. 

Pool frequency for this reach was determined to be 18 to 19 pools per mile based on the 
2010 Stream Inventory Survey.  The channel is predominantly an unconfined, straight 
channel with small channel segments exhibiting a meandering channel pattern.  
Montgomery and Buffington (1993) determined that channels with pool-riffle bedforms 
generally have a pool every 5 to 7 channel widths.  In this reach the average channel width 
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(bankfull) is about 55 feet, so the expected pool frequency is about 14 to 19 pools per 
mile.  The observed pool frequency was at the upper range of expected variability (19 
pools per mile) for an unconfined, predominantly straight channel with pool-riffle 
bedforms. 

This reach has the highest frequency of wood within the bankfull channel.  The total 
number of wood per mile for all size classes ranged from 36 to 56 pieces per mile.  Wood 
recruitment potential by lateral channel migration is good.  The vegetation along the 
active channel and floodplain consist predominantly of riparian shrubs with upland trees 
that are in a shrub/seedling and small tree successional stages.  Overstory vegetation is 
comprised of lodgepole pine and willow, and understory vegetation is comprised of 
lodgepole pine, subalpine fir, willow, and grass/forbs.  Historically, this reach had mature 
pines interspersed throughout the valley bottom that were available for channel 
recruitment.  During the mining boom in the late 1800s and early 1900s, timber was 
cleared from the valley bottoms and margins to be used in milling operations and 
construction. 

Physical and ecological processes have been negatively impacted primarily from past 
timber harvests along the valley bottoms and margins.  The riverine system appears to be 
on a recovering trend as the vegetation progresses through varying successional stages.  
Active management of these stands to insure proper species assemblage and to improve 
growth rates would be an appropriate approach for long-term rehabilitation. 

Potential short-term approaches, that may not significantly improve fish productivity, are 
to increase availability of wood to the system that would improve channel complexity and 
aquatic habitat could include (1) ensuring that wood and sediment inputs from tributaries 
are not impeded by obstructions (i.e., undersized culverts), (2) wood placements along the 
channel and floodplain, with the caveat that the anticipated ecologic benefits outweigh the 
disturbances to the channel or floodplain, and (3) rehabilitating vegetation in dispersed 
campsite areas adjacent to the channel. 

Geomorphic Reach YF-5 

Geomorphic Reach YF-5 (Figure 24) is located between about RM 13.2 and 11.6 and is 
confined within a canyon.  The river has incised a V-shaped canyon through a landslide 
deposit that filled the river corridor with slide-blocks and large boulders from RM 13 to 
12.5, and smaller materials (boulders to gravel) from RM 12.5 to 11.8.  Due to the 
oversized materials, the predominant channel type is bedrock with a straight channel 
planform.  The channel slope is about 3.8 percent from RM 13 to 12.5, and then decreases 
to about 1.7 percent between RM 12.5 and 12 and about 1.2 percent between RM 12 and 
11.6.  Channel bedforms are primarily step-pools in the higher gradient section (greater 
than 2 percent) and transitions to a plane-bed in the lower gradient section (2 percent or 
less). 
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Hydraulic modeling shows that the channel slope is variable, but generally decreases in 
slope in the downstream direction.  The channel slope from about Fivemile Creek to 
upstream of Slaughterhouse Gulch averages about 3.8 percent and is controlled by 
essentially bedrock (slide-blocks greater than 5-feet in diameter decreasing to boulders).  
The channel slope decreases to about 1.7 percent upstream of Slaughterhouse Gulch to 
Custer Bridge and further decreases to about 1.2 percent from Custer Bridge to the 
geomorphic reach break near RM 11.6 as the dominant bed material sizes decreases from 
boulders to cobbles and gravels. 

Average channel shear stresses vary through the reach as slope changes occur.  Shear 
stresses exceed 5 lb/ft2 as the river flows through the steep canyon segment which 
indicates the river is capable of transporting small boulders up to 13 inches in dimension.  
Shear stresses decline to less than 2 lb/ft2 which indicates the river is capable of 
transporting cobbles up to 5 inches in dimension at the lower end of the reach.  The 
average flow velocity in the main channel of Reach YF-5 during the 2-year recurrence 
discharge is 7.5 ft/s. 

Coarse sediment sources, excluding inputs from upstream, are primarily from debris 
sloughing from the canyon walls, and contributions from two perennial tributaries and 
several ephemeral drainages.  The perennial tributaries include:  Fourth of July Creek and 
Slaughterhouse Gulch that flow into the mainstem near RM 12.1 on river left.  Ephemeral 
drainages primarily provide sediment input as debris flows.  There is evidence of debris 
flows near RM 12.5 on river right, RM 12.4 on river right, RM 12.1 on river right, RM 
11.9 on river right, and RM 11.8 on river left. 
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Figure 24.  Yankee Fork Geomorphic Reach YF-5 in the middle Yankee Fork subwatershed. 
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Anthropogenic Disturbances 

There are no anthropogenic disturbances within the canyon (Figure 25), but there are 
some disturbances below the canyon related to road embankments along the Custer 
Motorway adjacent to the channel, and the Custer Bridge crossing near RM 12.  The 
Custer Motorway was constructed, for the most part, along the valley walls in this reach, 
but does encroach on the channel near RM 11.7.  Modeling results suggest that the Custer 
Bridge creates backwater conditions by imparting hydraulic controls during the 10-year 
and higher recurrence flood event.  However, the overall impacts to reach-scale channel 
processes from these anthropoenic features are negligible. 

 

Figure 25.  View to the west near RM 13.2 showing bedrock channel.  The channel is in 
essentially a bedrock canyon and has developed predominantly a step-pool bedform.  Bureau of 
Reclamation photograph by Dave Walsh, September 2, 2010. 

 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon use this geomorphic reach primarily as a migratory corridor and for 
spawning where small patches of gravel are retained.  Steelhead use it primarily as a 
migratory corridor to reach more suitable spawning habitat upstream.  These findings are 
based on a Habitat Work Session meeting conducted on April 12, 2011 in Challis, Idaho 
with fisheries biologists from the Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey divided the geomorphic 
reach into two habitat reaches based on tributary inflows (Table 17).  Stream type 
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classification for the upstream habitat reach 7 between about RM 13.2 and 12.5 is a B-
stream type (Rosgen 1996) defined as a single-threaded channel that is moderately 
entrenched with a moderate width/depth ratio and sinuosity, and has bedrock as its 
channel material.  The downstream habitat reach 6 between about RM 12.5 and 11.2 is a 
C-stream type (Rosgen 1996) defined as a single-threaded channel that is slightly 
entrenched with moderate to high width-to-depth ratios, high sinuosity, and gravel channel 
material. 

 

Table 17.  Geomorphic Reach YF-5 stream inventory survey habitat reaches and channel 
condition. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel 
Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 
13.2 – 
12.5 

Reach 7 Fivemile Creek to 
about Slaughterhouse 
Gulch 

B 29 feet 39 feet 57 feet 

RM 
12.5 – 
11.2 

Reach 6 About Slaughterhouse 
Gulch to Swift Gulch 

C 31 feet 41 feet 59 feet 

 

The number of pools per mile ranged from 23 to 36 with deep pools (greater than 3-feet 
depth) comprising 52 to 89 percent of pool habitat (Table 18).  Wood frequency for all 
wood measured ranged from 14 to 38 pieces of wood per mile. 

 

Table 18.  Geomorphic Reach YF-5 stream inventory survey habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per 
Mile 

Number of Pools > 
3 Feet Deep Per 
Mile 

Average 
Residual Pool 
Depth 

Total Number of 
Wood Per Mile 

Reach 7 Bedrock 
(>4096 mm) 

36.4 32.4 3.7 feet 38 

Reach 6 Gravel 
(2-64 mm) 

23  11.9 1.9 feet 14 

 

Discussion and Potential Habitat Actions 

This geomorphic reach is in a confined, V-shaped canyon that has high energy and high 
sediment transport capacity.  Channel type is predominantly a straight, confined bedrock 
channel with a 3.8 percent gradient that transitions to a straight, alluvial channel with a 1.2 
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percent gradient.  Channel confinement, slope and little-to-no sinuosity suggests an A-
stream type that transitions into an F-stream type (Rosgen 1996) is more appropriate for 
this geomorphic reach.  Channel/floodplain interactions are connected where small 
floodplains have developed. 

The number of observed pools per mile ranged from about 23 to 36 based on the 2010 
Stream Inventory Survey.  Pool spacing in confined, predominantly bedrock controlled 
channels is variable (Montgomery and Buffington 1993) and the use of pool spacing based 
on channel widths is not applicable. 

Vegetation along the banks of the active channel is sparse between about RM 13.2 and 
12.8, and is comprised primarily of upland trees along the steep slopes.  Riparian 
vegetation becomes more prominent along the banks starting near RM 12.8 to the end of 
the reach. 

This geomorphic reach has a confined, bedrock channel that transitions to an alluvial 
channel with no anthropogenic features impacting reach-scale channel processes.  There 
are two natural waterfalls within the upper section that are passable by fish.  Since the fish 
of interest primarily use this geomorphic reach as a migratory corridor and no fish passage 
barriers are present, there is no need for further assessment. 

Geomorphic Reach YF-4 

Geomorphic Reach YF-4 (Figure 26) is located between RM 11.6 and 9.1 in a moderately 
confined valley segment.  Average channel slope is about 1.1 percent and the channel 
pattern is predominantly straight which indicates that a relatively low rate of lateral 
channel migration is occurring.  Channel type is a plane-bed, free-formed alluvial channel 
that has a gravel with cobble substrate. 

Hydraulic modeling shows that the channel is confined within its banks in the upper 
segment between RM 11.6 and 11.0 and flows begin to access adjacent floodplains 
between RM 11.0 and 9.1 during the 1.11-year recurrence discharge.  The average shear 
stress in the main channel during the 2-year recurrence discharge is approximately 1.0 
lb/ft2 which indicates the river is capable of transporting gravels up to 2.6 inches in 
dimension.  There are five locations where average shear stresses exceed 2 lb/ft2.  At RM 
11.3 and 10.5 the channel is constrained by the valley wall on river left, and at RM 10.1 
and RM 9.7 the channel is constrained by the Custer Motorway on river right.  Earth fill 
may have been placed at the dispersed camping site on river right at RM 9.5 that 
potentially constrains the channel in this segment.  The average flow velocity in the main 
channel of Reach YF-4 during the 2-year recurrence discharge is 4.6 ft/s. 
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Local coarse sediment input is predominantly from lateral channel migration causing bank 
erosion and to a lesser degree from tributaries.  Bank erosion is occurring where the 
channel is in contact with alluvial fan deposits (RM 11.3 to 11.2 on river right), along the 
outside of meanders (RM 11 to 10.9 on river right and RM 9.2 to 9.1 on river left), and 
along unvegetated banks near dispersed campsites (RM 10 on river right).  There are three 
perennial tributaries that provide sediment pulses during high flow events and serve as 
conduits for episodic debris flows.  These tributaries include Swift Gulch near RM 11.2 
on river right; Adair Creek near RM 10.4 on river left; and Jordan Creek near RM 9.1 on 
river right.  Ephemeral drainages that show evidence of debris flows that can potentially 
provide sediment inputs include unnamed drainages near RM 11.3 on river right, and a 
few between RM 10 and 9.9 on river left. 
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Figure 26.  Yankee Fork Geomorphic Reach YF-4 in the middle Yankee Fork subwatershed. 
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Anthropogenic Disturbances 

Past timber harvests removed trees from the valley bottom and adjacent valley walls to 
support the mining boom in the late 1800s and early 1900s.  For example, the General 
Custer Mill was located directly upstream of Custer townsite and operated between 1881 
and 1904.  The mill had the capacity to process 900 tons of ore per month and required 
over 300 cords of wood per month to fuel the steam engines that powered the mill.  
Following the closure of the mill, it was noted that the hills for miles around Custer were 
denuded of trees (LOYF Historical Association 2005).  The past removal of mature 
timber, and potentially fire suppression and insect kill, has changed the vegetation 
assemblage (and successional stages) that historically occupied this area prior to European 
settlement (Overton et al. 1999).  Vegetation strongly influences reach-scale processes 
such as wood delivery to the channel and bank reinforcement by roots that influence 
channel morphology and habitat arrangement.  Loss of mature vegetation along the active 
channel can result in channel widening, increased channel migration and loss of channel 
roughness, as well as the loss of nutrient inputs that drive aquatic production. 

Hydraulic mining occurred in the Adair Creek drainage probably in the early 1900s.  This 
mining activity must have delivered large sediment pulses to the Yankee Fork.  These 
sediment pulses have probably been transported through this reach with some sediment 
storage occurring where floodplain/channel interactions are connected.  After 70 or more 
years, the present channel appears to have reached a dynamic equilibrium between its 
current sediment and flow regimes. 

Other anthropogenic disturbances that have affected channel/floodplain processes include 
General’s Bridge near RM 10.9 that confines the channel and exerts hydraulic control at 
the 10-year and above recurrence floods; a levee placed near RM 10.3 to protect a mining 
operation disconnects channel/floodplain interactions; and a deflection berm that protects 
a mining operation placed near RM 10 that restricts lateral channel migration and confines 
the channel (Figure 27).  The overall impact of these anthropogenic features on channel 
processes and floodplain connectivity at the reach-scale is minimal, and rehabilitation of 
these areas probably would not significantly increase fish production in this reach. 
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Figure 27.  View to the southwest near RM 11.1 showing floodplain clearing associated with 
development.  Mining activities have been occurring along river left (left foreground in photo); 
the residential development is protected from overbank flow by a levee along river right (center of 
photo); and General’s Bridge that provides access to the mining site constrains the channel.  
Bureau of Reclamation photograph by Dave Walsh, September 2, 2010. 

 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon and steelhead use this geomorphic reach for spawning and juvenile 
rearing and as a migratory corridor.  These findings are based on a Habitat Work Session 
meeting conducted on April 12, 2011 in Challis, Idaho with fisheries biologists from the 
Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified one habitat reach 
that covered most of the geomorphic reach between Swift Gulch and Jordan Creek (Table 
19).  Stream type classification for habitat reach 5 between about RM 11.2 and 9.1 is a C-
stream type (Rosgen 1996). 
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Table 19.  Geomorphic Reach YF-4 stream inventory survey habitat reaches and channel 
condition. 

River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel 
Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 
11.2 – 
9.1 

Reach 5 Swift Gulch to 
Jordan Creek 

C 34 feet 46 feet 58 feet 

 

Observed pool frequency was about 7 pools per mile with deep pools comprising about 33 
percent of pool habitat (Table 20).  Wood frequency for all wood measured was about 5 
pieces of wood per mile. 

 

Table 20.  Geomorphic Reach YF-4 stream inventory habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of Pools 
Per Mile 

Number of  
Pools > 3 Feet 
Deep Per Mile 

Average  
Residual Pool 
Depth 

Total 
Number  
of Wood Per 
Mile 

Reach 5 Gravel (2-64 
mm) 

7.2 2.4 1.8 feet 5 

 

Discussion and Potential Habitat Actions 
The channel in this reach is moderately confined with a slope of about 1.1 percent and the 
channel pattern is predominantly straight with an overall sinuosity of about 1.08.  Channel 
type is predominantly a plane-bed, free-formed alluvial channel with a low-to-moderate 
rate of lateral channel migration.  The stream inventory survey (2010) classified this 
geomorphic reach as a C-stream type (Rosgen 1996), but the moderate channel 
confinement, low sinuosity and low channel gradient indicates that a B-stream type 
classification (Rosgen 1996) is more appropriate. 

Channel/floodplain interactions are predominantly connected throughout the reach with 
minor exceptions.  These exceptions include a levee placed near RM 10.3 that disconnects 
a small area of floodplain, and a deflection berm placed near RM 10 that disconnects a 
small area of floodplain and slightly confines the channel.  The overall impact of these 
anthropogenic features on channel processes and floodplain connectivity at the reach-scale 
is minimal, and rehabilitation of these areas probably would not increase fish production. 
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Pool frequency for this reach was determined to be about 7 pools per mile based on the 
2010 stream inventory survey.  Moderately confined, plane-bed channels with gravel and 
cobble substrate typically form an “armor layer” as flows winnow out finer particle sizes 
(i.e., fines, sand and gravel) leaving behind a layer of coarser particle sizes (i.e., cobbles 
and boulders).  The armor layer inhibits pool development (scour) when flows are not 
sufficient to mobilize the armoring particles, or in the absence of channel-spanning 
structures or significant channel constrictions (Montgomery and Buffington 1997; Bisson, 
Buffington, and Montgomery 2006).  The pools observed in this geomorphic reach were 
primarily lateral scour pools located at meanders where flows are concentrated along 
vegetated streambanks with two exceptions.  The exceptions were (1) a mid-channel scour 
pool at General’s Bridge (approximately RM 10.9) and (2) landslide dam pool upstream 
of where coarse sediment entered the channel from a talus slope (approximately RM 
10.5). 

Wood frequency was determined to be about 5 pieces of wood per mile.  Wood, like 
sediment, is transported through this geomorphic reach or temporarily stored along the 
channel margins where it only interacts with the channel during channel forming flows 
and does not directly contribute to pool or side channel formation.  The vegetation along 
the active channel and small floodplain areas consist predominantly of riparian shrubs and 
small trees intermixed with upland trees that are in shrub/seedling and small tree 
successional stages.  Lodgepole pine, alder, and grass/forbs comprise the overstory and 
understory vegetation.  Historically, this reach probably had mature pines interspersed 
throughout the valley bottom that were available for channel recruitment.  The timber was 
cleared from the valley bottoms and margins during the mining boom in the late 1800s 
and early 1900s to be used in milling operations and building construction. 

Physical processes may have temporarily been impacted from past mining activities in this 
geomorphic reach.  Moderately confined, plane-bed channels generally represent a 
transition between supply- and transport-limited morphologies, and the degree to which 
these channels are confined influences their response to external factors (Montgomery and 
Buffington 1998).  For example, the hydraulic mining that occurred in the Adair Creek 
drainage (probably in the early 1900s) must have delivered pulses of sediment to the 
Yankee Fork.  The channel’s initial response to these pulses was probably channel 
widening during channel forming flows.  However, in confined and moderately confined 
channels stream energy cannot be dissipated across a floodplain during peak flows, so the 
stream energy is translated into increased basal shear stress resulting in an increase in 
sediment transport capacity.  After 70 or more years, the present channel appears to have 
reached a dynamic equilibrium between its current sediment and flow regimes.  

Presently, physical and ecological processes are negatively impacted primarily from past 
timber harvests along the valley bottoms and margins during the mining boom in the late 
1800s and early 1900s.  Similar to geomorphic reach YF-6, the riverine system appears to 
be on a recovering trend as vegetation progresses through varying successional stages.  
However, the recovering trend is probably occurring at a slower rate due to continued 
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recreational and private landowner usage.  Maintaining and actively managing a riparian 
corridor (i.e., 100-foot buffer zone) along both sides of the river in this geomorphic reach 
to insure proper species assemblage and to improve growth rates would be an appropriate 
approach for long-term rehabilitation.  This type of strategy would provide the following 
benefits:  (1) increased availability of wood for channel recruitment, (2) improved root 
reinforcement of stream banks and increased channel boundary roughness, (3) increased 
nutrient inputs that help drive macroinvertebrate production, and (4) ecological 
connectivity for aquatic and terrestrial species reliant on riverine systems. 

8.3 Lower Yankee Fork Subwatershed 

8.3.1 Geomorphic Reach Delineations 
The lower Yankee Fork is located between about RM 9.1 and the Yankee Fork/Salmon 
River confluence near the town of Sunbeam.  The lower Yankee Fork drainage area is 
about 29 mi2 and the drainage density is about 1.45 mi/mi2.  Bedrock geology consists 
predominantly of the Challis Volcanics except between RM 3 and the Yankee 
Fork/Salmon River confluence where the Idaho batholith crops out.  The valley has a 
north-south orientation except for the lower section where it trends north-northwest 
through the Idaho batholith downstream of a fault that separates the two geologic rock 
units. 

Three valley segments were delineated along the Yankee Fork mainstem (Table 21) based 
on cross-sectional valley forms:  (1) U-shaped trough with an alluvial valley type in the 
upper section; (2) U-shaped trough with an alluvial valley type in the middle section; and 
(3) V-shaped bedrock canyon with a bedrock valley type in the lower section.  Although 
the upper and middle sections have the same valley form, geologically they are 
significantly different and there is a change in channel slope near RM 6.9.  In the lower 
section there is a change from the Challis Volcanics to the Idaho batholith bedrock types 
near RM 3 and the channel slope steepens (Figure 28). 

The analysis showed that the valley segments and geomorphic reaches are coincident 
based on geologic history, geomorphic process, and channel morphology.  Figure 29 
shows the location of the geomorphic reaches and is an index map for each of the 
geomorphic reach maps. 

 
  



Yankee Fork Tributary Assessment 

92 January 2012 

Table 21.  Lower Yankee Fork geomorphic reach delineations and associated channel 
morphology. 
River 
Miles 

General 
Valley 
Location 

Geomorphic 
Reaches  

Valley 
Form1 

Valley 
Type2 

Valley 
Confinement3 

Valley 
Gradient 

Channel 
Reach 
Type2 

Channel 
Bedform 
Type2 

Channel 
Slope 

Dominant 
Substrate 
Size 
Class4 

RM 
9.1-6.9 

Upper 
Section 

Reach YF-3 U1:  U-
shaped 
trough 

Alluvial  Moderately 
Confined 

1.05 
percent 

Free-
formed 
alluvial 
channel 

Plane-
bed  

1.00 
percent 

Cobble 

RM 
6.9-3.0 

Middle 
Section 

Reach YF-2 U1:  U-
shaped 
trough 

Alluvial Confined 0.68 
percent 

Free-
formed 
alluvial 
channel 

Plane-
bed  

0.64 
percent 

Cobble  

RM 
3.0-0 

Lower 
Section 

Reach YF-1 V1:  V-
shaped 
moderate 
gradient 
bottom 

Bedrock Confined 1.17 
percent 

Bedrock 
channel 

Step-pool 1.13 
percent 

ND 

1Classification based on Naiman et al. (1992) as recommended in Hillman (2006) 
2Channel type classification based on Montgomery and Buffington (1993) 
3Monitoring Strategy for the Upper Columbia Basin (Hillman 2006) 
4From Stream Inventory Survey 2010 (Appendix K) and USFS (2006) 
ND – Not determined 

 
Figure 28.  Lower Yankee Fork subwatershed longitudinal channel profile with reach 
locations. 
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Figure 29.  Lower Yankee Fork subwatershed index map with geomorphic reach breaks. 
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Geomorphic Reach YF-3 

Geomorphic Reach YF-3 (Figure 30) is located between about RM 9.1 and 6.9 in a 
moderately confined valley segment that is artificially constrained by dredge tailings 
throughout most of the reach.  The channel type is a plane-bed, free-formed alluvial 
channel with a straight channel pattern and sinuosity is about 1.05.  Channel slope is about 
1 percent with a cobble-dominated substrate.  Prior to gold dredging in the 1940s, much of 
this geomorphic reach was moderately confined to unconfined and maintained a straight-
to-meandering channel pattern with a sinuosity of about 1.10 based on analysis of the 
1945 and 2010 channel alignments. 

In the early 1900s, the Yankee Fork and West Fork confluence area had a broad 
floodplain in which the two unconfined channels dynamically interacted.  The channels 
migrated across their floodplains which progressively changed where and how the 
channels converged.  The dynamic interactions resulted in varying hydraulic conditions 
that created and maintained a mosaic of habitat patches.  Gold dredging along the Yankee 
Fork in the 1940s and 1950s involved rerouting the Yankee Fork and disconnecting it 
from the broad floodplain; and on the West Fork the lower channel segment was rerouted 
and artificially constrained by dredge piles.  The Yankee Fork and West Fork confluence 
was relocated downstream of the unconfined channel segment (broad floodplain) to a 
moderately confined channel segment.  These new channel configurations and location of 
channel convergence are now static and the hydraulic conditions no longer create the 
mosaic of habitat patches.   

Hydraulic modeling shows that the present Yankee Fork is primarily confined within its 
banks by valley walls and dredge piles.  Overbank areas are small and the Yankee Fork 
begins to access adjacent floodplains during the 10-year recurrence flood.  A levee 
between RM 8.9 and RM 8.6 on river right protecting a gravel mining operation 
contributes to river confinement.  Fill placed at an abandoned road crossing at RM 8.0 
encroaches into the floodplain area on river left and river right.  Dredge piles disconnect 
floodplain areas from the river channel on river right resulting in channel realignment and 
potential scour between RM 7.8 and RM 6.9 above the confluence with the West Fork. 

The average shear stress in the main channel during the 2-year recurrence discharge is 
approximately 1.5 lb/ft2 which indicates the river is capable of transporting large gravels 
up to 3.9 inches in dimension.  There are five peaks where shear stress is greater than 3 
lb/ft2.  At RM 8.6, the channel is constrained by levees on river right.  At RM 8.1 
downstream of Bonanza Bridge, the channel is constrained by the valley wall on river 
right and dredge piles on river left.  At RM 7.9 downstream of the abandoned bridge 
crossing, the channel is constrained by the valley wall on river right.  At RM 7.7, the 
channel is constrained by dredge piles on river right and a topographic constraint created 
by an earth fill embankment on river left.  At RM 7.5, the channel is constrained by 
dredge piles on river right.  The average flow velocity in the main channel during the 2-
year recurrence discharge is 5.1 ft/s. 
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Local coarse sediment inputs are primarily from two perennial tributaries and an 
ephemeral drainage.  The perennial tributaries are Jordan Creek near RM 9.1 on river right 
and Preachers Cove near RM 7.4 on river left, which are providing sediment pulses during 
high flow events.  An ephemeral drainage that is unnamed near RM 8.3 on river left is 
providing sediment primarily as episodic debris flows.  Other sediment sources include 
bank erosion occurring along river right near RM 7.9 where the river flows against a 
glacial terrace and near RM 7.4 on river left where the river flows against an alluvial fan 
and river right where it flows against dredge tailings. 
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Figure 30.  Yankee Fork Geomorphic Reach YF-3 in the lower Yankee Fork subwatershed. 
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Anthropogenic Disturbances 
The most significant anthropogenic disturbance in this geomorphic reach was from a 
floating gold dredge that worked alluvial deposits across the valley floor in the 1940s and 
early 1950s.  The dredging operation required the removal of woody vegetation within the 
limits of the placer claim.  Next, the channel had to be manipulated (i.e., impounded and 
rerouted) to keep the dredge afloat as it worked its way upstream and across the valley 
floor.  Finally, the separation process to extract the gold resulted in a bimodal particle-
sized distribution and the manner in which the spoils were ejected left finer particles 
stratified between coarser particles forming tailing piles. 

Historically (pre-dredging), the valley bottom constraints were from higher surfaces 
(comprised predominantly of glacial outwash), alluvial fans, and bedrock.  From about 
RM 7.5 to 6.9, the channel was unconfined and the river had developed a broad floodplain 
and channel/floodplain interactions were connected (Figure 31).  The river had a straight-
to-meandering channel pattern that indicates a low-to-moderate rate of lateral channel 
migration was occurring.  Channel type was a free-formed alluvial channel with some 
vegetated islands and wood complexes creating flow convergence and divergence.  The 
floodplain contained riparian shrub and upland tree species that contributed to the 
development of channel morphology and habitat structure. 

 

Figure 31.  View is to the north looking upstream from near RM 6.8 toward the Yankee 
Fork and West Fork confluence (Smith 1911).  Photograph taken by Maven Sawyer, winter of 1910. 
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In the 1945 aerial photographs, the channel flowed along the right valley wall between 
RM 9.1 and 8.4 and a new channel was constructed through the dredge tailings along the 
left valley wall by the 1966 aerial photographs.  Between about RM 8.3 and 7.5, the 
channel has essentially remained in the same location based on the 1945 to 2010 aerial 
photographic record; however, in order for the dredge to have operated in this location, 
the channel had to be at least temporarily impounded or otherwise manipulated to support 
the floating dredge.  From RM 7.3 to 6.8, the channel was rerouted away from the West 
Fork confluence and disconnected from floodplain areas by dredge tailings sometime 
between 1945 and 1952 (Figure 32 and Figure 33). 

Little to no channel change has occurred within this reach since the channel was 
constructed through the dredge tailings between 1945 and 1952.  The constructed channel 
alignment had slightly more sinuosity than the present (2010) channel alignment.  Channel 
confinement between the dredge tailings and the lack of channel/floodplain interactions 
constrain the flows to within the channel, translating stream power downstream and 
increasing sediment transport capacity resulting in simplification of in-stream structure 
and reduction of aquatic habitat.  Over the last 58-year time period, the channel has 
adjusted by slightly straightening to pass discharges and sediment more efficiently. 

Other anthropogenic disturbances that are less significant in the geomorphic reach include 
development in the lower section of Jordan Creek, a levee between RM 8.9 and 8.6, and 
Bonanza Bridge near RM 8.3.  There has been some development near the mouth of 
Jordan Creek where the gold dredge now resides and the creek has been channelized from 
the Jordan Creek Bridge along the Custer Motorway to the confluence with the Yankee 
Fork.  A levee has been placed downstream of Jordan Creek to protect a gravel processing 
operation that prevents flows from accessing the low bench upon which the operation is 
located.  Bonanza Bridge appears to create backwater conditions by exerting hydraulic 
control on the channel at the 2-year and above recurrence floods. 
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Figure 32.  1945 aerial photograph of West Fork and Yankee Fork confluence. 
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Figure 33.  2010 aerial photograph of West Fork and Yankee Fork confluence. 
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Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon use this geomorphic reach for spawning and juvenile rearing, and as a 
migratory corridor.  Steelhead use this reach for juvenile rearing and as a migratory 
corridor.  These findings are based on a Habitat Work Session meeting conducted on April 
12, 2011 in Challis, Idaho with fisheries biologists from the Tribes, USFS, IDFG, and 
Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified one habitat reach 
that covered the entire geomorphic reach between Jordan Creek and West Fork (Table 
22).  Stream type classification for habitat reach 4 is a C-stream type (Rosgen 1996) 
defined as a single-threaded channel that is slightly entrenched with a moderate to high 
width-to-depth ratio, high sinuosity, and cobble channel material. 

 
Table 22.  Geomorphic Reach YF-3 stream inventory survey habitat reach and channel 
condition. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream Type 

Average Wetted 
Channel Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 9.1 
– 6.9 

Reach 4 Jordan Creek to 
West Fork 

C 40 feet 54 feet 90 feet 

 

The number of pools per mile was 4 with deep pool comprising about 33 percent of pool 
habitat (Table 23).  Wood frequency for all wood measured was less than 1 piece of wood 
per mile. 

 

Table 23.  Geomorphic Reach YF03 stream inventory habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of Pools 
Per Mile 

Number of  
Pools > 3 Feet 
Deep Per Mile 

Average  
Residual Pool 
Depth 

Total 
Number  
of Wood Per 
Mile 

Reach 4 Cobble (64-256 
mm) 

4.0 1.3 2.1 feet < 1 

 

Discussion and Potential Habitat Actions 

Prior to gold dredging in the 1940s and 1950s, this reach was moderately confined to 
unconfined and maintained a straight-to-meandering channel pattern with an overall 
sinuosity of about 1.10 based on analysis of the 1945 and 2010 channel alignments.  
Channel type was a free-formed alluvial channel with plane-bed to pool-riffle bedforms.  
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Some vegetated islands and wood complexes contributed to flow convergence and 
divergence.  Channel/floodplain interactions were connected and the floodplain was 
vegetated with riparian shrubs and upland trees.  Valley bottom constraints were from 
higher surfaces (comprised predominantly of glacial outwash), alluvial fans, and bedrock 
that moderately confined the channel except between about RM 7.5 and 7.1 where the 
channel was unconfined.  The Yankee Fork and West Fork confluence area located 
between about RM 7.3 and 7.1 had a broad floodplain in which the two unconfined 
channels dynamically interacted.  These interactions resulted in varying hydraulic 
conditions that created and maintained a mosaic of habitat patches that significantly 
benefited the fish. 

Presently, the channel in this reach is moderately confined with a channel slope of about 1 
percent.  Channel pattern is straight with an overall sinuosity of about 1.05 and has a very 
low rate of lateral channel migration.  Channel type is a plane-bed, free-formed alluvial 
channel with a cobble substrate.  The stream survey conducted in 2010 indicated that this 
was a C-stream type (Rosgen 1996), but due to the channel being artificially confined by 
dredge piles and low sinuosity, the stream is more characteristic of a B-stream type that is 
moderately entrenched with stable banks and has a riffle dominated channel.  The Yankee 
Fork and West Fork confluence has been relocated downstream of the unconfined channel 
segment (broad floodplain) to a moderately confined channel segment.  These new 
channel configurations and location of channel convergence are now static and the 
hydraulic conditions no longer create the mosaic of habitat patches. 

The anthropogenic features that artificially constrain the channel are primarily the 
rerouted and constructed channels through the dredge piles.  The following are locations 
and effects of these features: 

• Channel segment RM 9.1 to 8.3:  Channel constructed along left valley wall 
adjacent to dredge tailings.  The constructed channel is confined between the 
dredge tailings and left valley wall with small patches of accessible floodplain. 

• Channel segment RM 7.8 to 7.5:  Channel constructed near center of valley 
bottom.  Channel is constrained between dredge tailings (river right) and a high 
terrace (river left) adjacent to the 1945 (pre-dredge) channel alignment. 

• Channel segment RM 7.4 to 6.9:  Channel constructed along left valley wall.  
Channel is constrained between dredge tailings (river right) and alluvial fan (river 
left).  Historic channel alignment and floodplain areas present in 1945 have been 
disconnected by dredge tailings. 
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Other anthropogenic features that locally confine the channel and/or disconnect 
floodplains include the following:  (a) elevated road embankments (historic bridge 
approaches) near RM 8 confine the channel and disconnect small floodplain areas along 
both sides of the channel; and (b) dredge tailings near RM 7.8 confine the channel. 

Pool frequency for this reach was determined to be about 4 pools per mile based on the 
2010 stream inventory survey.  Moderately confined, plane-bed channels with cobble 
substrate are typically armored.  The armor layer inhibits pool development (scour) when 
flows are not sufficient to mobilize the armoring particles, or in the absence of channel-
spanning structures or significant channel constrictions (Montgomery and Buffington 
1997; Bisson, Buffington, and Montgomery 2006).  Pool types identified in this reach 
include: (1) pools scoured where the Yankee Fork and Jordan Creek converge near RM 
9.1; (2) lateral scour pools on the outside channel bends; (3) mid-channel scour pool 
downstream of a transverse bar comprised of boulders; and (4) a plunge pool scoured 
downstream of a bedrock outcrop. 

Wood frequency was determined to be less than 1 piece of wood per mile.  Wood, like 
sediment, is transported through this reach or temporarily stored on high bars along the 
channel margins where it only interacts with the channel during channel forming flows 
and do not directly contribute to pool or side channel formation.  The vegetation along the 
active channel and small floodplain areas consist predominantly of riparian shrubs and 
small trees that are in shrub/seedling and small tree successional stages.  Removal of the 
riparian and upland vegetation for the dredging operations, and the lack of suitable soils 
for regeneration, depleted the availability of wood for recruitment by the channel. 

Physical and ecological processes have been significantly impacted by the gold dredging 
along the Yankee Fork.  The dredging operation removed all woody vegetation in the 
claim area, rerouted the channels (Yankee Fork and West Fork) through dredge piles that 
artificially constrain the channels, disconnected relatively large floodplains from the 
Yankee Fork, and changed the interactions between the Yankee Fork and West Fork 
confluence area that historically was dynamic and created a mosaic of habitat patches to a 
static condition that no longer provides the complex habitats.  There are multiple options 
to significantly increase and/or improve the reach-scale processes that create and maintain 
habitat patches.  Therefore, a reach assessment is recommended to further refine and 
quantify present conditions versus historic (pre-dredge) conditions, changes to physical 
and ecologic processes, and the habitat potential for this reach.  At a minimum, a more 
thorough analysis is needed to determine the following:  (a) if the Yankee Fork and West 
Fork confluence processes and channel/floodplain interactions were rehabilitated to pre-
dredging conditions, what would be the benefits, and risks, to the physical and ecological 
processes and to the resource, and (b) conceptually, what are some viable alternatives, and 
their limitations, for reconnecting channel/floodplain interactions throughout the reach. 
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Geomorphic Reach YF-2 

Geomorphic Reach YF-2 (Figure 34) is located between RM 6.9 and 3 in a confined 
valley segment that is artificially constrained by dredge tailings throughout most of the 
reach.  The channel type is a plane-bed, free-formed alluvial channel with a straight 
channel pattern and sinuosity is about 1.07.  Channel slope is about 0.6 percent with a 
cobble-dominated substrate.  Prior to gold dredging in the 1940s, much of this geomorphic 
reach was moderately confined by higher surfaces (comprised primarily of glacial 
outwash), alluvial fans, and bedrock and maintained a straight channel pattern. 

Hydraulic modeling shows that the Yankee Fork is predominantly confined and there is a 
lack of overbank areas and side channels along the main channel due to valley wall and 
dredge piles.  Channel/floodplain interactions occur downstream of Jerrys Bridge at RM 
5.7 during the 10-year recurrence discharge. 

The average shear stress in the main channel through Reach YF-2 during the 2-year 
recurrence discharge is approximately 1.3 lb/ft2 which indicates the river is capable of 
transporting large gravels up to 3.4 inches in dimension.  There are six locations where 
shear stress is greater than 2 lb/ft2.  At RM 6.6 downstream of the confluence with the 
West Fork and Virginia’s Bridge, the channel is confined by the valley wall on river left.  
At RM 6.0, the channel is approaching Cabin Bridge with riprap placed on river right.  At 
RM 5.6, the channel is constrained by dredge piles on river left.  At RM 5.2, the channel is 
constrained by the valley wall on river right.  At RM 4.8, the channel is constrained by 
dredge piles on river right.  At RM 3.7, the channel is constrained by dredge piles on river 
left and a debris flow from an unnamed tributary on river right.  The average flow velocity 
in the main channel of Reach YF-2 during the 2-year recurrence discharge is 5.1 ft/s. 

Local coarse sediment inputs are primarily from bank erosion along the outside edge of 
meanders suggesting the channel is slowly migrating.  Other sources include three 
perennial tributaries and seven ephemeral drainages.  The perennial tributaries are West 
Fork near RM 6.8 along river right, Ramey Creek near RM 4.6 along river left, and 
Rankin Creek near RM 4.3 along river right.  Unnamed ephemeral drainages along river 
right that provide sediment inputs primarily as debris flows are located near RM 6.3, RM 
6.1, RM 5.1, RM 3.6, RM 3.3, RM 3.1, and RM 3. 

Two perennial tributaries along river left are presently disconnected from the Yankee Fork 
by dredge tailings and no longer supply sediment to the mainstem.  These tributaries 
include Jerrys Creek near RM 5.5 and Silver Creek near RM 4.2.  Cearley Creek near RM 
6.5 and an unnamed tributary near RM 6 are connected to a series of dredge ponds that are 
adjacent to and connected to the Yankee Fork, but the sediment is deposited in the ponds 
and does not reach the Yankee Fork mainstem. 
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Figure 34.  Yankee Fork Geomorphic Reach YF-2 in the lower Yankee Fork subwatershed. 
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Anthropogenic Disturbances 

The most significant anthropogenic disturbance in this geomorphic reach was from a 
floating gold dredge that worked the alluvial deposits across the valley floor in the 1940s 
and early 1950s.  The dredging operation required the removal of woody vegetation 
within the limits of the placer claim.  Next, the channel had to be manipulated (i.e., 
impounded and rerouted) to keep the dredge afloat as it worked its way upstream and 
across the valley floor.  Finally, the separation process to extract the gold resulted in a 
bimodal particle size distribution and the manner in which the spoils were ejected left 
finer particles stratified between coarser particles forming tailing piles. 

Historically (pre-dredging), the channel was moderately confined based on valley bottom 
constraints from glacial terraces and outwash, alluvial fans, and bedrock (Figure 35).  The 
river had a relatively straight channel pattern that indicates a low rate of lateral channel 
migration was occurring.  Channel type was a plane-bed (USDC 1934), free-formed 
alluvial channel with a cobble-dominated substrate.  There were small-to-moderate sized 
patches of floodplain accessible to the river during high flows, but these floodplain areas 
were not extensive (Figure 36), and qualitatively appear similar to their present (2010) 
extent (Figure 37).  In addition, three perennial tributaries were connected to the Yankee 
Fork that included Cearley Creek, Jerrys Creek, and Silver Creek. 
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Figure 35.  View is to the north looking upstream from glacial terrace near RM 5.2 at Jerrys 
Creek alluvial fan (Smith 1911). 
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Figure 36.  1945 aerial photograph of Yankee Fork near Jerrys Creek.  Note the floating 
dredge in the lower center of the photograph and the dredge tailings deposited across the valley 
floor. 
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Figure 37.  2010 aerial photograph of Yankee Fork near Jerrys Creek. 
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The most significant impacts in this geomorphic reach are removal of vegetation and 
isolation of two perennial tributaries from the Yankee Fork due to dredge piles.  These 
tributaries include Jerrys Creek near RM 5.5 and Silver Creek near RM 4.2 both on river 
left.  The flow contributions from these tributaries to the Yankee Fork are probably similar 
to historic levels, however, the contributions are through subsurface flow because the 
porous dredge tailing bury the outlets of these tributaries.  The loss of sediment inputs to 
the mainstem from these tributaries may have reduced the availability of gravels to form 
spawning areas.  However, the primary impact is the loss of available habitat due to the 
dredge tailings creating a fish passage barrier into these drainages.  Prior to dredging, the 
lower reaches of these tributaries where they flowed over the Yankee Fork valley floor 
probably provided juvenile rearing habitat (USDC 1934).  Past fish usage in the upper 
sections of these drainages are unknown, but may have included spawning and rearing 
habitat for steelhead and bull trout. 

Parallel to the Yankee Fork are four series of dredge ponds.  Flow into the ponds is from 
tributaries, groundwater flow, and surface water diversions from the Yankee Fork.  
Ongoing efforts by multiple parties are exploring alternatives for improving connectivity 
between the pond series to the mainstem and tributaries to provide replacement of juvenile 
rearing habitat. 

Other anthropogenic disturbances that affect channel processes are from Custer Motorway 
bridge crossings.  The Custer Motorway crosses the Yankee Fork in four locations.  
Virginia’s Bridge at RM 6.8 appears to create a backwater condition by exerting hydraulic 
control at the 100-year recurrence flood.  Cearley Creek Bridge at RM 6.5 and Cabin 
Bridge at RM 6.0 impart negligible hydraulic controls during the 10-year and above 
recurrence discharge.  Jerrys Bridge at RM 5.7 appears to create a backwater condition by 
exerting some minor hydraulic control at the 2-year and higher recurrence floods.  Also 
associated with these crossings are the placements of bank protection (riprap) that is 
hydraulically “smooth” in that stream energy is not dissipated.  Typically, riprap 
concentrates the stream energy against the banks which effectively traps the flow and the 
energy is translated downstream.  The overall impact of these anthropogenic features on 
channel processes and floodplain connectivity at the reach-scale is minimal, and 
rehabilitation of these areas probably would not significantly increase fish production in 
this reach. 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon and steelhead use this geomorphic reach for spawning and juvenile 
rearing, and as a migratory corridor.  These findings are based on a Habitat Work Session 
meeting conducted on April 12, 2011 in Challis, Idaho with fisheries biologists from the 
Tribes, USFS, IDFG, and Reclamation. 
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The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified three habitat 
reaches that covered the entire geomorphic reach between the West Fork and Polecamp 
Creek (Table 24).  The stream inventory survey classified the reach as a C-stream type 
(Rosgen 1996) defined as a single-threaded channel that is slightly entrenched with a 
moderate to high width-to-depth ratio, high sinuosity, and gravel-cobble channel material. 

 
Table 24.  Geomorphic Reach YF-2 stream inventory survey habitat reaches and channel 
conditions. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average Wetted 
Channel Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 6.9 
– 5.4 

Reach 3 West Fork to Jerrys 
Creek 

C 46 feet 66 feet 100 feet 

RM 5.4 
– 4.3 

Reach 2 Jerrys Creek to 
Rankin Creek 

C 58 feet 92 feet 140 feet 

RM 4.3 
– 2.6 

Reach 1 Rankin Creek to 
about Polecamp 
Creek 

C 47 feet 72 feet 92 feet 

 

The number of pools per mile ranged from 6 to 9 pools with deep pools comprising about 
90 percent of pool habitat (Table 25).  Wood frequency for all wood measured ranged 
between 0 and 7 pieces of wood per mile. 

 

Table 25.  Geomorphic Reach YF-2 stream inventory survey habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per Mile 

Number of Pools 
> 3 Feet Deep Per 
Mile 

Average 
Residual Pool 
Depth 

Total Number of Wood 
Per Mile 

Reach 3 Gravel 
(2-64 mm) 

8.0 7.4 2.8 0 

Reach 2 Cobble 
(64-256 mm) 

6.4 5.3 1.8 1 

Reach 1 Gravel 
(2-64 mm) 

8.5 7.8 3.0 7 

 

Discussion and Potential Habitat Actions 

The channel in this reach is confined with a channel slope of about 0.6 percent and the 
channel pattern is predominantly straight with an overall sinuosity of about 1.07.  Channel 
type is primarily a plane-bed, free-formed alluvial channel with a low rate of lateral 
channel migration.  The stream inventory (2010) classified this geomorphic reach as a C-
stream type (Rosgen 1996), but the channel confinement, low sinuosity and low channel 
gradient indicates that a B-stream type classification (Rosgen 1996) is more appropriate. 
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Prior to dredging, the channel was moderately confined between glacial terraces, alluvial 
fans, and bedrock based on surficial geologic mapping, mining claim plat map, and aerial 
photography.  After the valley bottom was dredged, the constructed channel was confined 
between dredge piles, glacial terraces, alluvial fans, and bedrock.  There has been some 
lateral channel migration where the channel is less confined by the dredge piles.  
Relatively small floodplains have developed through lateral channel migration that have 
good channel/floodplain interactions and provide some high water refugia and rearing 
habitat for juveniles.  Where the channel is strongly confined by dredge piles, there has 
been almost no lateral channel migration and flows are contained within the channel 
resulting in an increase in stream power. 

Pool frequency was determined to be about 7 pools per mile based on the 2010 stream 
inventory survey.  Confined, plane-bed channels with gravel and cobble substrate 
typically form an “armor layer” that inhibits pool development (scour) when flows are not 
sufficient to mobilize the armoring particles, or in the absence of channel-spanning 
structures or significant channel constrictions (Montgomery and Buffington 1997; Bisson, 
Buffington, and Montgomery 2006).  Pools observed in this reach were (1) lateral scour 
pools located at meanders where flows are concentrated along streambanks that primarily 
have riprap, wood complexes, tailing piles or bedrock (i.e., RM 6.5, RM 5.7, RM 4.8 and 
RM 3.6); (2) mid-channel scour pool where flows are constrained by bridge abutments 
resulting in bed scour (i.e., Cabin Bridge near RM 6); (3) slow water pools upstream of 
channel constrictions (i.e., RM 3.7 and RM 3.5); and (4) a pool scoured where the Yankee 
Fork and West Fork converge near RM 6.8. 

Wood frequency was determined to be less than 3 pieces of wood per mile.  Wood, like 
sediment, is transported through this reach or stored where floodplains are connected to 
the channel.  The wood, especially wood complexes, do contribute to pool and side 
channel formation where it interacts with the channel during channel forming flows.  The 
vegetation along the active channel and floodplains consist predominantly of riparian 
shrubs and small trees intermixed with upland trees that range from small tree to large tree 
successional stages.  Lodgepole pine, Douglas fir, alder, saplings, and grass/forbs 
comprise the overstory and understory vegetation.  Historically, this reach had more 
mature pines interspersed throughout the valley bottom that were available for channel 
recruitment.  Timber was cleared from the valley bottoms and margins in the late 1800s 
and early 1900s during the mining boom.  In the 1940s and 1950s, all timber and woody 
plants were removed within the limits of the placer mining claim during the dredging 
operations. 

Anthropogenic features provide channel constraints throughout most of the reach.  
Primary features are the constructed channel through dredge tailing mounds that confine 
the channel.  The following are locations and effects of these features: 

  



 Yankee Fork Tributary Assessment 
 

January 2012 113 

• Channel segment RM 6.7 to 6.5:  Channel constructed along left valley wall and 
adjacent to dredge tailings.  The constructed channel is confined between dredge 
piles on river right and the valley wall on river left with patches of accessible 
floodplain. 

• Channel segment RM 6.5 to 6:  Channel constructed along right valley wall and 
adjacent to dredge tailings.  The constructed channel is moderately confined 
between dredge piles (river left) and glacial terrace and alluvial fan deposits (river 
right) with patches of accessible floodplain. 

• Channel segment RM 5.7 to 5.4:  Channel constructed through dredge tailings.  
Channel is moderately confined by dredge piles with patches of accessible 
floodplain. 

• Channel segment RM 5.4 to 5.1:  Channel constructed along right valley wall 
adjacent to dredge tailings.  Channel is confined between dredge piles (river left) 
and glacial terrace and alluvial fan deposits (river right) with patches of accessible 
floodplain. 

• Channel segment RM 4.9 to 4:  Channel constructed along right valley wall 
adjacent to dredge tailings.  Channel is moderately confined between dredge piles 
(river left) and glacial terrace, alluvial fans, and bedrock (river right) with patches 
of accessible floodplain. 

• Channel segment RM 4 to 3.3:  Channel constructed along right valley wall 
adjacent to dredge tailings.  Channel is confined between dredge piles (river left) 
and glacial terrace, alluvial fans, and bedrock (river right) with patches of 
accessible floodplain. 

Other anthropogenic features that locally confine the channel and/or disconnect 
floodplains include the following:  (a) bridge crossings near RM 6.8, RM 6.5, RM 6, and 
RM 5.7, (b) the Custer Motorway road embankment along the valley wall that encroaches 
on the channel near RM 5.1, (c) a road embankment (historic bridge location) that 
transects the valley bottom, confining the channel and disconnecting small floodplain 
areas near RM 5, and (d) the Custer Motorway road embankment that disconnects a small 
floodplain area near RM 3.2.  Two perennial tributaries, Jerrys Creek and Silver Creek, 
have been disconnected from the Yankee Fork by dredge tailings. 

In addition, the dredging operations have left four dredge pond series that parallel the 
Yankee Fork.  Pond series 4 begins upstream of Virginia’s Bridge near RM 6.8.  A 
diversion structure on river right directs surface water into a series of dredge ponds and 
surface water returns to the Yankee Fork downstream of Cearley Creek Bridge near RM 
6.4.  Pond series 3 begins upstream of Cearley Creek Bridge at RM 6.5 with a diversion 
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structure on river left.  Flow from these ponds returns to the Yankee Fork downstream of 
Cabin Bridge near RM 5.9.  Pond series 2 begins with a diversion structure on river right 
near RM 6.0 upstream of Cabin Bridge and returns to the Yankee Fork downstream of 
Jerrys Bridge near RM 5.5.  Pond Series 1 begins downstream of Silver Creek with no 
surface water diversion and connects to the Yankee Fork on river left through a culvert 
under the Custer Motorway near RM 3.5.  Flow into these series of ponds is from 
tributaries, groundwater flow, and surface water diversions from the Yankee Fork. 

Physical processes have been impacted by past dredging activities in this reach.  Prior to 
dredging (1945 aerial photographs), the Yankee Fork was moderately confined primarily 
between glacial outwash terraces and alluvial fans with a straight, plane-bed channel 
morphology.  Presently, the Yankee Fork is confined primarily between dredge piles with 
a straight, plane-bed channel.  The increase in channel confinement has resulted in an 
increase in sediment transport capacity because the stream energy cannot be dissipated 
across a wider cross sectional area during peak flows which translates into increased basal 
shear stress and higher flow velocities.  However, there has not been a dramatic impact to 
channel processes because the straight, plane-bed channel morphology is similar to the 
pre-dredging condition and active lateral channel migration is occurring as evidenced by 
active bank erosion throughout much of the reach. 

Ecological processes have been significantly impacted as a result of the dredging 
operations.  Jerrys Creek and Silver Creek are disconnected from the Yankee Fork by 
dredge piles and fish can no longer access these drainages.  The dredging operations also 
removed all the vegetation within the placer claim area leaving behind mounds of 
unconsolidated alluvium.  Vegetation is recovering in areas where roots can intercept 
water primarily along the river and where fine sediments are accumulating on floodplains. 

The Tribes have worked with consultants and stakeholders on implementing habitat 
projects in this reach.  Alternatives should continue to be pursued to reconnect the isolated 
tributaries and improve channel/floodplain interactions.  In addition, the four dredge pond 
series have the potential to provide replacement of  juvenile rearing habitat that was lost 
when dredging obliterated the lower sections of some tributaries.  Increasing flows into 
these pond series would also reduce peak flows in the mainstem Yankee Fork resulting in 
a reduction in sediment transport capacity and lower flow velocities which would improve 
spawning gravel retention and juvenile fish movement.  All relevant environmental 
parameters should be measured as part of any alternatives analysis to characterize 
environmental baseline conditions to predict potential effects of any action and for future 
effectiveness monitoring. 
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Geomorphic Reach YF-1 

Geomorphic Reach YF-1 (Figure 38) is located between RM 3.0 to the Yankee 
Fork/Salmon River confluence in a V-shaped canyon confined by bedrock and talus.  The 
river has a bedrock channel with a step-pool bedform and a slope of about 1.1 percent.  
Two perennial tributaries contribute flows to the Yankee Fork.  These tributaries include 
Polecamp Creek near RM 2.8 on river left and Blind Creek near RM 0.9 on river right.  
There are minimal overbank areas and most are accessible to the channel.  The road 
embankment does encroach on the channel in some locations and there is one bridge 
crossing, Flat Rock Bridge, near RM 1.9.  The bridge and road embankments do not have 
significantly impact channel processes in this reach. 

Chinook salmon and steelhead use this geomorphic reach primarily as a migratory 
corridor and for some juvenile rearing.  These findings are based on a Habitat Work 
Session meeting conducted on April 12, 2011 in Challis, Idaho with fisheries biologists 
from the Tribes, USFS, IDFG, and Reclamation.  No fish passage barriers or habitat 
deficiencies have been identified for this geomorphic reach. 

The channel is in a confined canyon that has high energy and high sediment transport 
capacity.  No anthropogenic disturbances significantly impact channel processes.  The 
reach is utilized by Chinook salmon, steelhead, and bull trout as a migratory corridor, and 
provides very little juvenile rearing habitat.  No fish passage barriers or habitat 
deficiencies have been identified for this reach. 

Since the bedrock canyon is primarily a migratory corridor with no fish passage barriers 
and no real potential to change or develop additional habitat, there is no need for further 
assessments of this reach. 
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Figure 38.  Yankee Fork Geomorphic Reach YF-1 in the lower Yankee Fork subwatershed. 
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8.4 Jordan Creek Subwatershed 

8.4.1 Geomorphic Reach Delineations 

Two geomorphic reaches were identified along Jordan Creek in the TA area based on 
physical processes and channel morphology (Table 26).  The longitudinal channel profile 
(Figure 39) shows the geomorphic reaches within the channel network.  Locations of the 
geomorphic reaches are provided in Figure 40.  Details associated with each geomorphic 
reach are discussed in the following sections. 

 
Table 26.  Jordan Creek geomorphic reach delineations and associated channel morphology. 

River 
Miles 

General 
Valley 
Location 

Geomorphic 
Reaches  

Valley 
Form1 

Valley 
Type2 

Valley 
Confinement3 

Valley 
Gradient 

Channel 
Reach 
Type2 

Channel 
Bedform 
Type2 

Channel 
Slope 

Dominant 
Substrate 
Size 
Class4 

RM 
4.0-
1.4 

Middle 
Section 

Reach JC-2 V3:  V-
shaped 
bedrock 
canyon 

Bedrock Moderately 
Confined 

3.30 
percent 

Bedrock 
channel 

Step-pool 
to plane-
bed 

2.90 
percent 

Cobble -
gravel 

RM 
1.4 

Lower 
Section 

Reach JC-2 V4:  
Alluvial 
mountain 
valley 

Alluvial Moderately 
Confined 

2.62 
percent 

Free-
formed 
alluvial 
channel 

Plane-
bed to 
Pool-riffle 

2.50 
percent 

Cobble - 
gravel 

1Classification based on Naiman et al. (1992) as recommended in Hillman (2006) 
2Channel type classification based on Montgomery and Buffington (1993) 
3Monitoring Strategy for the Upper Columbia Basin (Hillman 2006) 
4From Stream Inventory Survey 2010 (Appendix L) and USFS (2006) 
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Figure 39.  Jordan Creek subwatershed longitudinal channel profile with reach locations. 
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Figure 40.  Jordan Creek subwatershed index map with geomorphic reach breaks. 
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Geomorphic Reach JC-2 

Geomorphic Reach JC-2 (Figure 41) is located between RM 4.0 and 1.4 in a moderately-
confined valley segment that is constrained by bedrock with colluvial, glacial, alluvial fan, 
and landslide deposits that further constrain the channel.  The channel type is 
predominantly a bedrock channel with alternating plane-bed and pool-riffle bedforms and 
has a straight channel pattern.  Channel slope is about 2.9 percent with a cobble-
dominated substrate with boulders and bedrock being very common. 

Hydraulic modeling shows that overbank areas (floodplain) are limited and Jordan Creek 
is generally confined within its channel banks through the reach.  There are floodplain 
areas where Jordan Creek begins to access during the 2-year recurrence discharge near 
RM 3.6 to 3.4, RM 3.2 to 3.0, RM 2.6 to 2.4, and RM 2.1 to 1.7. 

The average shear stress in the main channel during the 2-year recurrence discharge is 
approximately 2.0 lb/ft2 which indicates the creek is capable of transporting cobbles up to 
5.2 inches in dimension.  There are three locations where shear stress is greater than 4 
lb/ft2, high enough to mobilize a median sediment size of 10.4 inches.  At RM 3.4 and RM 
2.8, the channel is constrained by the valley wall on river left and the Loon Creek Road on 
river right.  At RM 1.5, the channel is constrained by the valley wall on river right.  The 
average flow velocity in the main channel during the 2-year recurrence discharge is 4.8 
ft/s. 

Local coarse sediment inputs are predominantly from bank erosion along the toe of 
colluvial deposits that are underlain with bedrock and some alluvial fan deposits along 
outside meanders.  Very little lateral channel migration and meandering occurs in this 
reach due to bedrock and oversize materials (i.e., boulders) adjacent to the channel.  Other 
sources are episodic debris flows from ephemeral drainages that are in contact or 
connected by culverts with the active channel. 
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Figure 41.  Jordan Creek Geomorphic Reach JC-2 in the Jordan Creek subwatershed. 
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Anthropogenic Disturbances 

Significant impacts to geomorphic processes are road embankments and bridges that 
confine the channel.  Bridge JC5 appears to create a backwater condition by exerting 
hydraulic control during the 10-year and greater recurrence flood.  Bridge JC4 does not 
appear to exert hydraulic control at flows less than the 2-year recurrence discharge.  
Bridge JC3 appears to create a backwater condition by exerting hydraulic control during 
the 100-year recurrence flood.  Bridge JC2 appears to create a backwater condition by 
exerting hydraulic control at the 2-year and greater recurrence discharge. 

Other anthropogenic disturbances are related to mining operations.  The Grouse Creek 
Mine is located near RM 3.4.  A slope failure near the entrance of the mine near RM 3.3 
provided sediment to the stream.  It is unknown if the failure was the result of effluent 
from the mine.  The mine is currently in the process of closing and reclamation. 

There are active mining operations throughout the subwatershed and the mining activity 
along Jordan Creek has created topographic features that disconnect or impede 
channel/floodplain interactions.  In addition, vegetation has been removed where many 
ongoing mining operations are occurring and along their associated access roads. 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon use this geomorphic reach for some juvenile rearing where suitable 
habitat patches are present.  Steelhead use this reach for spawning where patches of gravel 
are retained and for juvenile rearing where suitable habitat patches are present.  These 
findings are based on a Habitat Work Session meeting conducted on April 12, 2011 in 
Challis, Idaho with fisheries biologists from the Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified two habitat 
reaches that covered most of the geomorphic reach between about RM 3.6 and 1.8 (Table 
27).  Stream type classification is a B-stream type (Rosgen 1996) defined as a single-
threaded channel that is moderately entrenched with a moderate sinuosity.  Dominate 
substrate was cobble and gravel with boulders common. 

 
Table 27.  Geomorphic Reach JC-2 stream inventory survey habitat reach and channel 
condition. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 3.6 
– 2.7 

Reach 4 Unnamed tributary to 
where valley opens-up 

B 14 feet 23 feet 44 feet 

RM 2.7 
– 1.8 

Reach 3 Where valley opens-up 
to end of dredge tailings 

B 12 feet 23 feet 69 feet 
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The number of pools per mile was about 26 with deep pools comprising about 1 percent of 
pool habitat (Table 28).  Wood frequency for all wood measured was about 20 pieces of 
wood per mile. 

 
Table 28.  Geomorphic Reach JC-2 stream inventory habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per Mile 

Number of Pools 
> 3 Feet Deep Per 
Mile 

Average Residual 
Pool Depth 

Total Number of 
Wood Per Mile 

Reach 4 Gravel (2-64 mm) 
/Cobble (64-256 
mm) 

27.5 0.9 1.5 feet 21 

Reach 3 Cobble (64-256 
mm) 

23.7 1.2 1.4 feet 18 

 

Discussion and Potential Habitat Actions 

This geomorphic reach is in a V-shaped bedrock canyon that moderately confines the 
channel.  The channel type is predominantly a bedrock channel with alternating plane-bed 
and pool-riffle bedforms and has a straight channel pattern indicating a low rate of lateral 
channel migration.  Predominant substrate is cobble- to gravel-sized materials with 
boulders and bedrock common, and the channel slope is about 2.9 percent.  Channel 
confinement, slope and lack of sinuosity suggest that an A-stream type transitioning into 
an F-stream type (Rosgen 1996) is more appropriate for this reach.  Channel/floodplain 
interactions are connected where small floodplains have developed. 

The number of observed pools per mile ranged from about 24 to 28 based on the 2010 
stream inventory survey.  Pool spacing in moderately confined, predominantly bedrock 
controlled channels is variable (Montgomery and Buffington 1993).  In this reach the 
channel generally alternates between bedrock and alluvial channel segments, and about 7 
percent of pools were formed by bedrock and 68 percent were formed by boulders. 

Wood frequency was determined to be about 20 pieces of wood per mile.  Wood is 
delivered to the channel primarily from toppling trees along steep valley walls, especially 
where the stream erodes the toe of the slope, and from episodic debris flows originating in 
tributaries.  The wood is stored in the system as apex log jams on vegetated gravel bars 
and along the outside edge of meanders where it frequently interacts with the stream 
during channel forming flows. 

Vegetation along the banks of the active channel is comprised predominantly of alder and 
lodgepole pine in a small tree successional stage.  The vegetation is fragmented adjacent 
to the channel due to its removal in several locations near mining operations, along Loon 
Creek Road, and other access roads.  A continuous riparian corridor would improve 
channel processes by increasing channel boundary roughness and wood recruitment, and 
would improve ecologic connectivity for macroinvertebrate production. 
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Anthropogenic features that constrict the valley bottom are primarily the Loon Creek 
Road embankment, mine tailings, and spoil piles.  There are three bridge crossings that 
constrict the channel near RM 3.6, 3.2, and 2.1.  However, none of these anthropogenic 
features have a significant impact on reach-scale channel processes. 

Potential habitat actions could be implemented to improve channel processes by 
modifying road embankments and mine tailings that constrict the channel, and planting 
riparian vegetation in areas where it has been removed to improve channel boundary 
roughness.  However, it is unlikely these actions would result in significant reach-scale 
changes that would increase juvenile rearing habitat.  Essentially, the in-stream bedforms 
and structure, and resulting habitat, are within the range of variability that should be 
expected for the channel type and physical characteristics of this reach. 

A reach assessment is not necessary to address the localized anthropogenic impacts in this 
geomorphic reach.  Specific alternatives could be developed and evaluated to address the 
localized anthropogenic disturbances that constrict the channel constraints and/or affect 
channel boundary roughness and ecological connectivity.  All relevant environmental 
parameters should be measured as part of any alternatives analysis to characterize 
environmental baseline conditions to predict potential effects of any action and for future 
effectiveness monitoring. 

Geomorphic Reach JC-1 
Geomorphic Reach JC-1 (Figure 42) is located between RM 1.4 and the Yankee 
Fork/Jordan Creek confluence in a moderately confined valley segment that is constrained 
by mine tailings, and by glacial and colluvial deposits.  Channel slope is variable and is 
about 5.5 percent between RM 1.4 and 1.3, about 2.4 percent between RM 1.3 to 0.4, and 
about 1.8 percent between RM 0.4 and the mouth.  Channel type is predominantly a plane-
bed, free-formed alluvial channel that has a straight channel pattern indicating a low rate 
of lateral channel migration.  Dominant substrate is cobble with gravel and boulders. 

Hydraulic modeling shows that overbank areas are small and Jordan Creek is confined 
within its channel banks through the upper segment of Reach JC-1.  The creek begins to 
access floodplains in the rehabilitated segment from RM 0.4 to RM 0.05 during the 1.11-
year recurrence discharge.  The hydraulic control upstream of Jordan Creek Bridge is the 
result of the habitat rehabilitation project and not the bridge itself.   

The average shear stress in the main channel during the 2-year recurrence discharge is 
approximately 1.7 lb/ft2 which indicates the creek is capable of transporting small cobbles 
up to 4.4 inches in dimension.  There are two locations where shear stress is greater than 3 
lb/ft2.  At RM 1.3, the channel is constrained by dredge piles on both river right and river 
left, and at RM 0.4, the channel is constrained by dredge piles on river right and the Loon 
Creek Road on river left.  The average flow velocity in the main channel during the 2-year 
recurrence discharge is 5.7 ft/s. 
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Local coarse sediment inputs are predominantly from intermittent bank erosion along 
mine tailings between RM 1.4 and RM 0.4 that are comprised predominantly of cobbles 
with gravel and boulders.  These tailing piles become “self-armoring” as finer materials 
(i.e., sand and gravel) are eroded and transported downstream, leaving the coarser 
materials (i.e., cobbles and boulders) that are more resistant to erosion thereby restricting 
lateral channel migration.  Red Rock Creek, a perennial tributary near RM 0.5 on river 
right, does not appear to be a significant sediment source, but does contribute flows to 
Jordan Creek.  Almost all other ephemeral drainages are disconnected from Jordan Creek 
due to mine tailing piles or the Loon Creek Road embankment. 
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Figure 42.  Jordan Creek Geomorphic Reach JC-1 in the Jordan Creek subwatershed. 
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Anthropogenic Disturbances 

The most significant impacts to the channel processes in this geomorphic reach are from 
mining activities beginning in the late 1800s to the present.  Alluvial deposits have been 
dredged and/or hydraulically mined from about RM 1.4 to the mouth.  Following the 
dredging and hydraulic mining activities, Jordan Creek was constructed adjacent to and 
through the mine tailings.  Presently, dredging and hydraulic mining no longer occur 
along Jordan Creek, but there are some active placer mines still in operation. 

A thin riparian buffer zone (about 30 feet or less) exists from about RM 1.4 and 0.4 that 
somewhat improve bank stability and channel boundary roughness.  Between RM 0.4 and 
0.1 riparian vegetation density has significantly improved following the completion of the 
Grouse Creek Mine Wetland Mitigation Project in 1993.  This project included leveling 
and removing dredge tailings, seeding the rehabilitation area, and adding wood to the 
system in order to improve channel complexity.  The project was successful in re-
establishing channel/floodplain interactions, improving bank stability and 
channel/floodplain roughness, and the added wood contributes by forcing channel 
adjustments (i.e., scour, avulsion, and lateral channel migration).  From about RM 0.1, just 
above the Jordan Creek Bridge, to the Yankee Fork/Jordan Creek confluence, Jordan 
Creek is channelized and the riparian vegetation is sparse. 

Other anthropogenic disturbances include bridge crossings and road embankments.  
Bridge JC1 near RM 0.9 appears to access private land and exerts some minor backwater 
hydraulic control at the 2-year and above recurrence flood.  Jordan Creek Bridge on the 
Custer Motorway near RM 0.1 does not appear to exert hydraulic control.  At RM 0.4, the 
channel is constrained by dredge tailings on river right and the Loon Creek Road 
embankment on river left. 

Fish Usage, Channel Condition, and Habitat Elements 

Chinook salmon use this geomorphic reach primarily for juvenile rearing.  Steelhead use 
this reach for juvenile rearing and as a migratory corridor.  These findings are based on a 
Habitat Work Session meeting conducted on April 12, 2011 in Challis, Idaho with 
fisheries biologists from the Tribes, USFS, IDFG, and Reclamation. 

The following channel condition and habitat elements are from the 2010 stream inventory 
survey conducted by the USFS.  The stream inventory survey identified two habitat 
reaches that covered all of the geomorphic reach (Table 29).  Stream type classification 
for habitat reach 2 is a G-stream type and habitat reach 1 is a B-stream type (Rosgen 
1996).  Both stream types are single-threaded channels, but the stream transitions from a 
G-stream type to a B-stream type as the channel becomes less confined in the downstream 
direction.  Measured substrate was predominantly cobble with gravel. 
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Table 29.  Geomorphic Reach JC-1 stream inventory habitat reach and channel condition. 
River 
Miles 

Habitat 
Reach 

Geographic 
Description 

Rosgen 
Stream 
Type 

Average 
Wetted 
Channel 
Width 

Average 
Bankfull 
Width 

Average 
Floodprone 
Width 

RM 
1.8 – 
0.4 

Reach 2 End of dredge 
tailings to about 
Red Rock Creek 

G 14 feet 23 feet 40 feet 

RM 
0.4 – 0 

Reach 1 About Red Rock 
Creek to mouth 

B 15 feet 19 feet 79 feet 

 

The number of pools per mile averaged about 19 pools per mile with deep pools 
comprising about 5 percent of pool habitat (Table 30).  Wood frequency for all wood 
measured ranged from 8 to 67 pieces of wood per mile with an average of about 38 pieces 
per mile. 

 

Table 30.  Geomorphic Reach JC-1 stream inventory habitat elements. 
Habitat 
Reach 

Dominant 
Substrate 

Number of 
Pools Per Mile 

Number of Pools 
> 3 Feet Deep Per 
Mile 

Average Residual 
Pool Depth 

Total Number of 
Wood Per Mile 

Reach 2 Cobble (64-256 
mm) 

25 1 1.1 feet 8 

Reach 1 Cobble (64-256 
mm) 

13 1 2 feet 67 

 

Discussion and Potential Habitat Actions 

This geomorphic reach is in a V-shaped alluvial valley that moderately confines the 
channel.  Channel type is predominantly a plane-bed, free-formed alluvial channel that has 
a straight channel pattern indicating a low rate of lateral channel migration.  Dominant 
substrate is cobble with gravel and boulders.  Channel slope is variable and is about 5.5 
percent where the channel is confined by an alluvial fan between RM 1.4 and 1.3, 
decreases to about 2.4 percent where the channel is moderately confined by mine tailings 
between RM 1.4 to 0.4, and further decreases to about 1.8 percent where mine tailings 
have been partially removed and leveled, creating channel/floodplain interactions.  The 
stream survey conducted in 2010 showed that the stream type is a G-stream type that 
graded into a B-stream type (Rosgen 1996) as channel slope and channel confinement 
decreased in the downstream direction. 

Historically, Jordan Creek had a straight, moderately confined channel that was 
constrained by glacial, alluvial, and colluvial deposits upstream of RM 0.4.  The creek had 
a plane-bed, free-formed alluvial channel with gravel to boulder substrate based on the 
1934 stream survey (USDC 1934) and 1945 aerial photographs.  Channel gradients were 
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probably similar because of the grade controls provided by bedrock, boulders, and alluvial 
fans.  About 95 percent of the channel was comprised of riffles, and the few pools 
observed in this reach were formed by boulders with some lateral scour pools along 
outside meanders (USDC 1934). 

Jordan Creek has a moderately confined straight channel that has a higher gradient (5.5 
percent) which transitions to a lower gradient (1.8 percent).  These types of systems 
generally have a high sediment transport capacity and are efficient at transporting 
sediment, and wood, downstream that typically results in forming an armor layer that 
inhibits pool development in the absence of structures that force flow convergence, or bed 
scour (Montgomery and Buffington 1997; Bisson, Buffington, and Montgomery 2006).  In 
general, the steeper channel segments tend to have step-pool morphology, and as the 
channel slope decreases to 3 percent or less transitions to a plane-bed morphology 
(Montgomery and Buffington 1993). 

Pool spacing for step-pool channel segments is typically 1 to 4 channel widths, and for 
plane-bed channel segments there are no correlations associated with pool spacing 
(Montgomery and Buffington 1993).  The number of pools per mile observed during the 
stream inventory survey (2010) ranged from 25 pools per mile in the higher gradient 
segments to 13 pools per mile in the lower gradient segments.  Based on the physical 
characteristics of this system, the frequency of pools in this reach is within the expected 
range of variability for a transitional channel type (i.e., predominantly plane-bed). 

The number of pieces of wood observed during the stream inventory survey (2010) ranged 
from 8 pieces of wood in the higher gradient segments to 67 pieces in the lower gradient 
segments.  Wood is delivered to the channel predominantly from toppling trees along 
steep valley walls or is transported into this reach from upstream.  The wood is stored as 
log jams on vegetated bars and along the outside edge of meanders where it frequently 
interacts with the stream during channel forming flows.  The number of pieces of wood 
per mile retained in the system would be expected to increase as the channel decreases in 
gradient and becomes less confined, as is the case in this reach.  However, in the lower 
gradient section between RM 0.4 and 0.1, the higher number of wood pieces per mile also 
represents wood that was added to the system as part of the Grouse Creek Mine Wetland 
Mitigation Project (1993). 

Vegetation along the banks of the active channel is comprised predominantly of willow 
and lodgepole pine in a shrub/seedling to small tree successional stage.  Riparian 
vegetation has created a thin buffer zone (about 30 feet or less) along the active channel 
that is fragmented due to clearing in several locations near mining operations, along the 
Loon Creek Road, and other access roads.  A comparison between the 1945 and 2010 
aerial photographs shows that the riparian corridor was more robust and most likely 
provided small- to medium-sized trees to the channel.  There were patches of larger trees 
that appear to be growing above the active floodplain that may have been available to the 
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stream through lateral channel migration.  However, a majority of the larger wood in the 
system was probably recruited through mass wasting in tributary drainages. 

The Grouse Creek Mine Wetland Mitigation Project (1993) was located between RM 0.4 
to the Custer Motorway Bridge near the Yankee Fork/Jordan Creek confluence.  The 
project included the removal and/or modifications of mine tailings to improve 
channel/floodplain interactions.  The channel has a gradient of about 1.8 percent with a 
predominantly gravel and cobble substrate.  Wood and sediment are mobilized during 
channel forming flows and their interactions create areas of flow convergence and 
divergence that force lateral scour pools and deposition of riffles and bars. 

Anthropogenic features that constrain the channel are primarily dredge tailings, mining 
spoils, and road embankments.  There are two bridge crossings that do not significantly 
impact channel processes because they were built in locations where the channel was 
already constricted by dredge tailings near RM 0.9 and RM 0.1.  The dredge tailings 
impact geomorphic processes by confining the channel in many locations and providing a 
continuous sediment source.  Along the lower section of the reach, between about RM 0.1 
to the Yankee Fork/Jordan Creek confluence, the constructed channel is straight and 
confined between dredge tailings. 

Presently, there is a thin riparian buffer zone (about 30 feet or less) from about RM 1.4 
and 0.4 that provides some bank stability, channel boundary roughness, and ecological 
connectivity.  Riparian vegetation, in conjunction with improved channel/floodplain 
interactions, was significantly improved between RM 0.4 and 0.1 following completion of 
the Grouse Creek Mine Wetland Mitigation Project in 1993. 

Potential habitat actions could be implemented in localized areas to address past mining 
activities and the road embankments that result in channel constraints.  Replanting riparian 
vegetation to improve channel boundary roughness and ecologic connectivity could also 
be considered.  It is unlikely these actions would result in a reach-scale improvement that 
would significantly increase juvenile rearing habitat.  Essentially, the in-stream bedforms 
and structure and resulting habitat are within the range of variability that should be 
expected for the channel type and physical characteristics for the reach.  Also, it is 
unlikely that project implementation is feasible where placer mining activities continue (or 
are anticipated in the near future). 

A reach assessment is not necessary to address the localized anthropogenic impacts in this 
geomorphic reach.  Alternatives analysis could be conducted to address anthropogenic 
features affecting channel constraints and channel boundary roughness.  All relevant 
environmental parameters should be measured as part of any alternatives analysis to 
characterize environmental baseline conditions to predict potential effects of any action 
and for future effectiveness monitoring. 
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9. Conclusions 
The purpose of this assessment was to provide information that describes (1) the large 
scale geomorphic processes occurring within the watershed; (2) the basis for delineation 
of geomorphic reaches within the TA area; and (3) the geomorphic reaches that have the 
greatest potential for improving geomorphic processes, reconnecting isolated habitats, and 
improving habitat quantity and quality. 

Valley segments and geomorphic reaches were delineated along the Yankee Fork in the 
middle and lower Yankee Fork subwatersheds, and along lower Jordan Creek in the 
Jordan Creek subwatershed.  The geomorphic reaches were coincident with the valley 
segments and are located as follows: 

• In the middle Yankee Fork subwatershed, three geomorphic reaches were 
identified (upstream to downstream):  (1) Reach YF-6 from RM 16.5 to 13.3, (2) 
Reach YF-5 from RM 13.3 to 11.7, and (3) Reach YF-4 from RM 11.7 to 9.1. 

• In the lower Yankee Fork subwatershed, three geomorphic reaches were identified:  
(1) Reach YF-3 from RM 9.1 to 6.8, (2) Reach YF-2 from RM 6.8 to 3, and (3) 
Reach YF-1 from RM 3 to Yankee Fork/Salmon River confluence. 

• Two geomorphic reaches were identified in the Jordan Creek subwatershed:  (1) 
Reach JC-2 from RM 4 to 1.4 and (2) Reach JC-1 from RM 1.4 to Yankee 
Fork/Jordan Creek confluence. 

The following are summaries of each geomorphic reach: 

• Yankee Fork Reach YF-6:  Chinook salmon and steelhead use this reach for 
migration, spawning, and rearing.  The river is unconfined and has a 
predominantly straight, free-formed alluvial channel with good channel/floodplain 
interactions.  The most significant anthropogenic disturbance to physical and 
ecological processes have been from past timber harvests that supported mining 
activities in the late 1800s and from fire suppression efforts beginning in the 1900s 
that may have changed the species assemblage and successional stages from pre-
European settlement time (Overton et al. 1999).  The riverine system is on a 
recovering trend as the vegetation progresses through varying successional stages.  
Other anthropogenic impacts do not significantly affect physical or ecological 
processes that contribute to habitat quantity and quality at the reach-scale.  
Essentially, the in-stream bedforms and structure and resulting habitat are within 
the range of variability that should be expected for the channel type and physical 
characteristics for this reach. 
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• Yankee Fork Reach YF-5:  Chinook salmon, steelhead, and other fish species use 
this reach primarily as a migratory corridor.  The river is confined within a V-
shaped canyon and the predominant channel type is bedrock with a straight 
channel planform.  There are no anthropogenic impacts that negatively affect 
reach-scale processes, and the channel morphology and habitat structure are within 
the expected range of variability for a bedrock channel. 

• Yankee Fork Reach YF-4:  Chinook salmon and steelhead use this reach for 
migration, spawning, and juvenile rearing.  The river is moderately confined with a 
predominantly straight, free-formed alluvial channel.  Channel/floodplain 
interactions are occurring in the lower section from RM 10.3 to 9.1.  Past timber 
harvests, mining, and development may have changed the species assemblage and 
successional stages from pre-European settlement time in this reach (Overton et al. 
1999).  Reach-scale processes are strongly influenced by the type of vegetation 
and successional stage which influences channel morphology and habitat 
arrangement.  There are localized anthropogenic impacts that affect physical 
processes and habitat quantity and quality that include:  (1) small floodplain areas 
disconnected by a levee and deflection berm and (2) a bridge crossing near RM 
10.9 (General’s Bridge) that slightly constricts the channel.  However, the overall 
impact of these features on reach-scale channel processes and floodplain 
connectivity are minimal. 

• Yankee Fork Reach YF-3:  Chinook salmon use this reach for migration, 
spawning, and juvenile rearing and steelhead use it for migration and juvenile 
rearing.  The river is presently confined by dredge tailings and has a 
predominantly straight, free-formed alluvial channel.  Prior to dredging, much of 
this reach was unconfined and maintained a straight channel pattern with some 
meandering channel segments and connected channel/floodplain interactions.  The 
dredging operations involved rerouting the Yankee Fork and disconnecting it from 
its floodplain; and on the West Fork, the lower channel segment was rerouted and 
artificially constrained by dredge piles.  Historically, the Yankee Fork and West 
Fork confluence area had a broad floodplain in which the two unconfined channels 
dynamically interacted.  The channels migrated across their floodplains which 
progressively changed where and how the channels converged.  These dynamic 
interactions resulted in varying hydraulic conditions that created and maintained a 
mosaic of habitat patches.  Presently, the new channel configurations and location 
of channel convergence are now static and the hydraulic conditions no longer 
create the mosaic of habitat patches. 

• Yankee Fork Reach YF-2:  Chinook salmon and steelhead use this reach for 
migration, spawning, and juvenile rearing.  Presently, the river is predominantly 
confined by dredge tailings and maintains a straight, free-formed alluvial channel 
with a cobble dominated plane-bed.  Prior to dredging, this reach was moderately 
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confined by higher surfaces (comprised primarily of glacial outwash), alluvial 
fans, and bedrock, and maintained a straight, free-formed alluvial channel similar 
to the present channel.  The difference between the pre-dredge channel and the 
present channel is the degree of channel confinement.  By increasing channel 
confinement between dredge piles, the cross sectional area geometry of the 
channel and floodplain has a narrower width which must convey the same peak 
flows, resulting in increases to water depth, flow velocity, and sediment transport 
capacity.   

Other significant anthropogenic impacts include:  (1) tailing piles disconnecting 
Jerrys Creek and Silver Creek (perennial tributaries) from the Yankee Fork that 
most likely provided juvenile rearing habitat for both Chinook salmon and 
steelhead in the low gradient sections along the valley floor, and steelhead rearing 
and spawning habitat in the higher gradient sections along the valley wall (Bureau 
of Fisheries Stream Survey in 1934 that reported many fingerlings observed in the 
lower quarter mile section of Silver Creek);  (2) removal of vegetation and 
reworking of topsoil within the dredged area leaving behind tailing piles of mixed 
unconsolidated alluvium with the coarse fraction remaining at the surface;  (3) 
lateral channel migration into the tailing piles has been occurring at a very slow 
rate and is restricted because the tailings tend to be “self-armoring” as finer 
materials (i.e., sand and gravel) are eroded and transported downstream leaving 
behind coarser materials (i.e., cobbles and boulders) along the toe; and (4) the 
lower section of Ramey Creek has been channelized and peak flows are confined 
to within the channel and not dissipated across its alluvial fan resulting in 
increased water depth, flow velocity, and sediment transport capacity. 

• Yankee Fork Reach YF-1:  Chinook salmon, steelhead, and other species use this 
reach primarily as a migratory corridor.  The river flows through a V-shaped 
canyon and the channel is confined by bedrock and talus.  The river has a bedrock 
channel type with predominantly a step-pool bedform and high sediment transport 
capacity.  There are some anthropogenic impacts from road embankments 
encroaching on the channel and floodplain, and a bridge crossing that constricts 
the channel.  However, these anthropogenic disturbances do not significantly 
impact physical processes or habitat quantity and quality. 

• Jordan Creek Reach JC-2:  Steelhead use this reach for spawning and juvenile 
rearing, and there is very limited Chinook salmon juvenile rearing habitat.  The 
creek flows through a moderately-confined valley segment that is constrained by 
bedrock with colluvial, glacial, alluvial fan, and landslide deposits.  The channel 
type is predominantly a bedrock channel with alternating plane-bed and pool-riffle 
bedforms and has a straight channel pattern.  Channel slope is about 2.9 percent 
with a cobble-dominated substrate with boulders and bedrock common.  
Anthropogenic features that constrict the valley bottom are primarily the Loon 
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Creek Road embankment, mine tailings, and spoil piles.  There are three bridge 
crossings that constrict the channel near RM 3.6, 3.2, and 2.1.  However, none of 
these anthropogenic features have a significant impact on reach-scale channel 
processes.  Essentially, the bedform and in-stream structure and resulting habitat is 
within the range of variability that should be expected for the channel type and 
physical characteristics for this reach. 

• Jordan Creek Reach JC-1:  Chinook salmon and steelhead use this reach 
primarily for juvenile rearing.  The creek flows through a V-shaped alluvial valley 
that moderately confines the channel.  Channel type is predominantly a plane-bed, 
free-formed alluvial channel that has a straight channel pattern indicating a low 
rate of lateral channel migration.  Past dredging and hydraulic mining operations 
have resulted in the relocation of Jordan Creek.  Other anthropogenic impacts 
include:  (1) removal of vegetation along the valley bottom from mining 
operations and construction of the Loon Creek Road; (2) two bridge crossings that 
do not significantly impact channel processes because they were built in locations 
where the channel was already constricted by dredge tailings near RM 0.9 and RM 
0.1; (3) a wetland mitigation project that included the removal and/or modification 
of mine tailings to improve channel/floodplain interactions was completed in 1993 
between RM 0.4 and the Custer Motorway Bridge; and (4) channelizing the creek 
through mine tailings between about RM 0.1 to the Yankee Fork/Jordan Creek 
confluence. 

In conclusion, the geomorphic reaches, in order of their potential to improve geomorphic 
processes and habitat quantity and quality, along with their needs for further assessment 
are as follows: 

1. Yankee Fork Reach YF-3:  The physical and ecological processes have been 
significantly impacted by dredging operations in this reach.  Dredge piles 
artificially constrain the Yankee Fork and West Fork channel, disconnect relatively 
large floodplain areas from the Yankee Fork, and have changed the convergence 
between the Yankee Fork and West Fork from a dynamic interaction that created a 
mosaic of habitat patches to a static condition that no longer provides the complex 
habitat types.  A more detailed reach assessment, potentially involving a more 
complex hydraulic model, is needed to evaluate current physical and ecologic 
processes, and to evaluate the overall potential to improve these processes and 
their benefit and risks to the resource. 

2. Yankee Fork Reach YF-2:  The Tribes have worked with consultants and 
stakeholders on implementing habitat projects in this geomorphic reach.  
Alternatives should continue to be pursued to reconnect isolated tributaries and 
improve channel/floodplain interactions.  In addition, the four dredge pond series 
have the potential to provide replacement of juvenile rearing habitat that was lost 
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when dredging obliterated the lower sections of some tributaries.  If flows were 
increased into these pond series, it would also reduce peak flows in the mainstem 
Yankee Fork, resulting in a reduction in sediment transport capacity and lower 
flow velocities which would improve spawning gravel retention and juvenile fish 
movement.  All relevant environmental parameters, such as those used in NOAA 
Fisheries (1996) Matrix of Pathways and Indicators or U.S. Fish and Wildlife 
Service’s (1998) Matrix of Diagnostics/Pathways and Indicators, should be 
measured prior to implementation of any rehabilitation project to characterize the 
current environmental conditions.  This information provides an environmental 
“baseline” that can be used to predict the effects of rehabilitation actions, and to 
detect changes following implementation of the actions (i.e., effectiveness 
monitoring). 

3. Jordan Creek Reach JC-1:  A reach assessment is not necessary to address the 
localized anthropogenic impacts in this geomorphic reach.  Modifications to 
localized channel constrictions (i.e., mine tailing and road embankments) could be 
pursued on a case-by-case basis dependent on landowner cooperation.  Replanting 
riparian vegetation (i.e., 30-foot buffer zone) to improve channel boundary 
roughness and ecologic connectivity could also be considered.  It is unlikely these 
actions would result in a reach-scale improvement that would significantly 
increase juvenile rearing habitat.  Essentially, the in-stream bedforms and structure 
and resulting habitat are within the range of variability that should be expected for 
the channel type and physical characteristics for the reach.  Also, it is unlikely that 
project implementation is feasible where placer mining activities continue (or are 
anticipated in the near future).   All relevant environmental parameters should be 
measured as part of any alternatives analysis to characterize environmental 
baseline conditions to predict potential effects of any action and for future 
effectiveness monitoring. 

4. Yankee Fork Reach YF-4:  Physical and ecological processes are negatively 
impacted primarily from past timber harvests along the valley bottoms and 
margins.  The riverine system appears to be on a recovering trend as vegetation 
progresses through varying successional stages, albeit at a slower rate due to 
continued recreational and private landowner usage.  Maintaining and actively 
managing a riparian corridor (i.e., about 100-foot buffer zone) along both sides of 
the channel to insure proper species assemblage and improve growth rates would 
be an appropriate approach for long-term rehabilitation.  Addressing localized 
constrictions along the channel (i.e., levee, deflection berm and bridge crossings) 
and identifying potential locations for large wood placements could be pursued on 
a case-by-case basis dependent on landowner cooperation.  All relevant 
environmental parameters should be measured as part of any alternatives analysis 
to characterize environmental baseline conditions to predict potential effects of 
any action and for future effectiveness monitoring. 
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5. Yankee Fork Reach YF-6:  Physical and ecological processes have been 
negatively impacted primarily from past timber harvest along the valley bottoms 
and margins.  The riverine system appears to be on a recovering trend as the 
vegetation progresses through varying successional stages.  Active management of 
these stands to insure proper species assemblage and improve growth rates would 
be an appropriate approach for long-term rehabilitation.  Potential short-term 
rehabilitation approaches to increase availability of wood to the system could be 
pursued on a case-by-case basis which includes:  (1) ensuring that wood and 
sediment inputs from tributaries are not impeded by obstructions (i.e., undersized 
culverts), and (2) wood placement along the channel and floodplain if the 
anticipated ecologic benefits outweigh the disturbances to the channel or 
floodplain.  All relevant environmental parameters should be measured as part of 
any alternatives analysis to characterize environmental baseline conditions to 
predict potential effects of any action and for future effectiveness monitoring. 

6. Jordan Creek Reach JC-2:  A reach assessment is not necessary to address the 
localized anthropogenic impacts in this geomorphic reach.  Specific alternatives 
could be pursued on a case-by-case basis to address the localized anthropogenic 
disturbances that constrict the channel and/or affect channel boundary roughness 
and ecological connectivity.  Essentially, the in-stream bedforms and structure and 
resulting habitat are within the range of variability that should be expected for the 
channel type and physical characteristics for the reach.  All relevant environmental 
parameters should be measured as part of any alternatives analysis to characterize 
environmental baseline conditions to predict potential effects of any action and for 
future effectiveness monitoring. 

7. Yankee Fork Reaches YF-5 and YF-1:  These geomorphic reaches are primarily 
Chinook salmon and steelhead migratory corridors.  In these reaches the river 
flows through V-shaped canyons that have bedrock type channels with 
predominantly step-pool bedforms.  There are no anthropogenic features that 
significantly impact channel processes at the reach-scale.  Therefore, no further 
assessments are recommended. 
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12. Glossary 
Some terms in the glossary appear in this TA. 

TERM 
 

DEFINITION 
 

action Proposed protection and/or rehabilitation strategy to improve selected 
physical and ecological processes that may be limiting the productivity, 
abundance, spatial structure or diversity of the focal species.  Examples 
include removing or modifying passage barriers to reconnect isolated 
habitat (i.e., tributaries), planting appropriate vegetation to reestablish or 
improve the riparian corridor along a stream that reconnects channel-
floodplain processes, placement of large wood to improve habitat 
complexity, cover and increase biomass that reconnects isolated habitat 
units. 

alluvial fan An outspread, gently sloping mass of alluvium deposited by a stream, esp. 
in an arid or semiarid region where a stream issues from a narrow canyon 
onto a plain or valley floor.  Viewed from above, it has the shape of an open 
fan, the apex being at the canyon mouth.  

alluvium A general term for detrital deposits made by streams on river beds, 
floodplains, and alluvial fans; esp. a deposit of silt or silty caly laid down 
during time of flood.  The term applies to stream deposits of recent time.  It 
does not include subaqueous sediments of seas and lakes.  

anadromous fish A fish, such as the Pacific salmon, that spawns and spends its early life in 
freshwater but moves into the ocean where it attains sexual maturity and 
spends most of its life span. 

anthropogenic Caused by human activities. 

bank The margins of a channel.  Banks are called right or left as viewed 
facing in the direction of the flow. 

baseflow That part of the streamflow that is not attributable to direct runoff 
from precipitation or melting snow; it is usually sustained by 
groundwater discharge. 

basin The drainage area of a river and its tributaries. 
bedrock The solid rock that underlies gravel, soil or other superficial material 

and is generally resistant to fluvial erosion over a span of several decades, 
but may erode over longer time periods. 

cfs Cubic feet per second; a measure of water flows 
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channel forming 
flow 

Sometimes referred to as the effective flow or ordinary high water flow and 
often as the bankfull flow or discharge.  For most streams, the channel 
forming flow is the flow that has a recurrence intermal of approximately 1.5 
years in the annual flood series.  Most channel forming discharges range 
between 1.0 and 1.8.  In some areas it could be lower or higher than this 
range.  It is the flow that transports the most sediment for the least amount 
of energy, mobilizes and redistributes the annually transient bedload, and 
maintains long-term channel form.  

channel morphology The physical dimension, shape, form, pattern, profile and structure of a 
stream channel. 

channel planform The two-dimensional longitudinal pattern of a river channel as viewed on 
the ground surface, aerial photograph or map. 

channelization The straightening and/or deepening of a stream channel, typically to permit 
the water to move faster, to reduce flooding, or to drain marshy acreage. 

control A natural or human feature that restrains a streams ability to move laterally 
and/or vertically.   

degradation Transition from a higher to lower level or quality.  A general lowering of 
the earth’s surface by erosion or transportation in running waters.  Also 
refers to the quality (or loss) of functional elements within an ecosystem. 

discharge The volume per unit of time of streamflow at a given instant or for a given 
area.  Discharge is often used interchangeably with streamflow. 

diversion The taking of water from a stream or other body of water into a canal, pipe, 
or other conduit. 

diversity Genetic and phenotypic (life history traits, behavior, and morphology) 
variation within a population.  Also refers variations in physical conditions 
or habitat. 

dredging The various processes by which large floating machines, or dredges, scoop 
up earth material at the bottom of a body of water, raise it to the surface, 
and discharge it back to the water body after removal of ore minerals. 

ecosystem An ecologic system, composed of organisms and their environment.  It is 
the result of interaction between biological, geochemical, and geophysical 
systems. 

erosion Wearing away of the lands by running water, glaciers, winds, and waves. 

ethnographic The study and systematic recording of human cultures. 

evapotranspiration That portion of the precipitation returned to the air through evaporation and 
transpiration. 

fine sediment Sand, silt and organic material that have a grain size of 6.4 mm or less. 

floodplain That portion of a river valley, adjacent to the channel, which is built of 
sediments deposited during the present regimen of the stream and is covered 
with water when the river overflows its banks at flood stages. 
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fluvial Produced by the action of a river or stream.  Also used to refer to something 
relating to or inhabiting a river or stream.  Fish that migrate between rivers 
and streams are labeled “fluvial.” 

fluvial 
geomorphology 

The study of stream channel and floodplain pattern and geometry as well as 
the sediment, sediment sources and sediment transport regimes, and the 
analysis of how the stream channel and floodplain form and function 
interact. 

fluvial process A process related to the movement of flowing water that shape the surface 
of the earth through the erosion, transport, and deposition of sediment, soil 
particles, and organic debris. 

gaging station A particular site on a watercourse where systematic observations of stage 
and/or flow are measured. 

geomorphic reach An area containing the active channel and its floodplain bounded by vertical 
and/or lateral geologic controls, such as alluvial fans or bedrock outcrops, 
and frequently separated from other reaches by abrupt changes in channel 
slope and valley confinement.  Within a geomorphic reach, similar fluvial 
processes govern channel planform and geometry resulting from streamflow 
and sediment transport. 

geomorphology The science that focuses on the general configuraion of the earth’s surface; 
specif. the study of the classification, description, nature, origin and 
development of landforms and their relationships to underlying structures, 
and the history of geologic changes as recorded by these surface features. 

GIS Geographical information system.  An organized collection of computer 
hardware, software, and geographic data designed to capture, store, update, 
manipulate, analyze, and display all forms of geographically referenced 
information. 

gradient Degree of inclination of a part of the earth’s surface; steepness of slope.  It 
may be expressed as a ratio (of vertical to horizontal), fraction, percentage, 
or angle. 

groundwater That part of the subsurface water that is in the saturated zone. 

habitat connectivity  Aquatic and/or terrestrial conditions that are linked together and needed to 
provide the physical and ecological processes necessary for the transfer of 
energy (i.e., food web) to maintain all life stages of species that are 
dependent on the riverine ecosystem. 

habitat unit A segment of a stream which has a distinct set of characteristics. 

headwaters Streams at the source of a river. 

hydraulics The branch of fluid mechanics dealing with the flow of water in conduits 
and open channels. 

hydrograph A graph relating stage, flow, velocity, or other characteristics of water with 
respect to time. 
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hydrology The applied science concerned with the waters of the earth, their 
occurrences, distribution, and circulation through the unending hydrologic 
cycle of: precipitation, consequent runoff, infiltration, and storage; eventual 
evaporation; and so forth.  It is concerned with the physical and chemical 
reaction of water with the rest of the earth, and its relation to the life of the 
earth. 

indicator A variable used to forecast the value or change in the value of another 
variable; for example, using temperature, turbidity, and chemical 
contaminents or nutrients to measure water quality. 

limiting factor Any factor in the environment that limits a population from achieving 
complete viability with respect to any Viable Salmonid Population (VSP) 
parameter. 

mainstem The reach of a river/stream formed by the tributaries that flow into it. 

peak flow Greatest stream discharge recorded over a specified period of time, usually 
a year, but often a season. 

perennial stream A stream that flows all year round.  Compare intermittent stream. 

reach A section between two specific points outlining a portion of the stream, or 
river. 

Reclamation U.S. Department of the Interior, Bureau of Reclamation 

recurrence interval The average amount of time between events of a given magnitude.  For 
example, there is a 1 percent chance that a 100-year flood will occur in any 
given year. 

redd A nest built in gravel or small substrate materials by salmonids where eggs 
are deposited; the nest is excavated by the adult fish and  the eggs are 
covered by the female after spawning. 

riparian area An area adjacent to a stream, wetland, or other body of water that is 
transitional between terrestrial and aquatic ecosystems.  Riparian areas 
usually have distinctive soils and vegetation community/composition 
resulting from interaction with the water body and adjacent soils. 

riprap Materials (typically large angular rocks) that are placed along a river bank 
to prevent or slow erosion. 

river mile (RM) Miles measured in the upstream direction beginning from the mouth of a 
river or its confluence with the next downstream river. 

runoff That part of precipitation that flows toward the streams on the surface of the 
ground or within the ground.  Runoff is composed of baseflow and surface 
runoff. 

shear stress The combination of depth and velocity of water.  It is a measure of the 
erosive energy associated with flowing water. 
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side channel   A distinct channel with its own defined banks that is not part of the main 
channel, but appears to convey water perennially or seasonally/ephemerally.  
May also be referred to as a secondary channel. 

sinuosity Ratio of the length of the channel or thalweg to the down-valley distance.  
Channels with sinuosities of 1.5 or more are called “meandering.” 

smolt A subadult salmonid that is migrating from freshwater to seawater; the 
physiological adaptation of a salmonid from living in freshwater to living in 
seawater. 

SNOw TELemetry 
(SNOTEL) 

An automated network of snowpack data collection sites.  The Natural 
Resources Conservation Service (NRCS), formerly the Soil Conservation 
Service (SCS), has operated the Federal-State-Private Cooperative Snow 
Survey Program in the western United States since 1935.  A standard 
SNOTEL site consists of a snow pillow, a storage type precipitation gage, 
air temperature sensor and a small shelter for housing electronics. 

snow water 
equivalent (SWE) 

The water content obtained from melting accumulated snow. 

spawning and 
rearing habitat 

Stream reaches and the associated watershed areas that provide all habitat 
components necessary for adult spawning and juvenile rearing for a local 
salmonid population.  Spawning and rearing habitat generally supports 
multiple year classes of juveniles of resident and migratory fish, and may 
also support subadults and adults from local populations. 

subbasin  A subbasin represents the drainage area upslope of any point along a 
channel network (Montgomery and Bolton 2003).  Downstream boundaries 
of subbasins are typically defined in this assessment at the location of a 
confluence between a tributary and mainstem channel. 

terrace A relatively level bench or steplike surface breaking the continuity of a 
slope.  The term is applied to both the lower or front slope (the riser) and 
the flat surface (the tread). 

Total  
Maximum  
Daily Load (TMDL) 

TMDLs are written plans and analyses established to ensure that the 
waterbody will attain and maintain water quality standards.  The OAR 
definition is “The sum of the individual wasteload allocations (WLAs) for 
point sources and LAs for nonpoint sources and background.  If a receiving 
water has only one point source discharger, the TMDL is the sum of that 
point source WLA plus the LAs for any nonpoint sources of pollution and 
natural background sources, tributaries, or adjacent segments.  TMDLs can 
be expressed in terms of either mass per time, toxicity, or other appropriate 
measure.  If Best Management Practices (BMPs) or other nonpoint source 
pollution controls make more stringent load allocations practicable, then 
wasteload allocations can be made less stringent.  Thus, the TDML prcess 
provides for nonpoint source control tradeoffs.” 

tributary Any stream that contributes water to another stream. 
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valley segment An area of river within a watershed sometimes referred to as a subwatershed 
that is comprised of smaller geomorphic reaches.  Within a valley segment, 
multiple floodplain types exist and may range between wide, highly 
complex floodplains with frequently accessed side channels to narrow and 
minimally complex floodplains with no side channels.  Typical scales of a 
valley segment are on the order of a few to tens of miles in longitudinal 
length. 

viable salmonid 
population 

An independent population of Pacific salmon or steelhead trout that has a 
negligible risk of extinction over a 100-year time frame.  Viability at the 
independent population scale is evaluated based on the parameters of 
abundance, productivity, spatial structure, and diversity (ICBTRT 2007). 

watershed The area of land from which rainfall and/or snow melt drains into a stream 
or other water body.  Watersheds are also sometimes referred to as drainage 
basins.  Ridges of higher ground form the boundaries between watersheds.  
At these boundaries, rain falling on one side flows toward the low point of 
one watershed, while rain falling on the other side of the boundary flows 
toward the low point of a different watershed. 
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