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EXECUTIVE SUMMARY 
 
The BPA project entitled “Hangman Creek Fisheries Restoration Project”, which began in 2002, 
mitigates for lost fishery resources that are of cultural significance to the Coeur d’Alene Tribe. This 
project funds management actions, and research, monitoring, and evaluation (RME) activities 
associated with these actions, which are carried out by the Coeur d’Alene Tribe’s Fisheries Program 
to recover populations of redband trout (Oncorhynchus mykiss gairdneri) trout in the Spoken basin. 
This report summarizes RME data collected during 2008-9 that describe the status and trends of 
redband trout in target sub-watersheds, water quality, hydrology, as well as a summary of restoration 
efforts. 
 
Research, monitoring, and evaluation summary 
Evaluation of the southern Hangman watershed within Idaho borders consisting of 157,586 acres 
involved an ongoing assessment during 2008-9 for fisheries distribution and relative abundance 
of redband trout, Level 2 Rosgen channel typing, continuous temperature profiles, and water 
quality. Fish migration barrier analysis and an evaluation of thermal refugia on the main-stem of 
Hangman Creek were new RME elements added during this reporting period. 
 
Redband trout distribution and abundance 
Given that one of the primary objectives of this project identified in the Spokane Subbasin Plan 
is to increase the distribution of redband trout, it is imperative that conditions conducive to 
establishment of salmonids are restored to those reaches that currently seem to be restricting the 
spatial extent of existing remnant subpopulations.  Hangman Creek has the morphological 
characteristics of stream habitat with low gradient mid elevation reaches located in alluvial 
valleys with prominent floodplain habitats, as well as overwintering habitat with deep, slow 
moving pool habitats for redband trout (Kinkead and Firehammer et al. 2011). Though pools are 
scarce in tributary reaches, pools greater than 1m in depth are present in some tributary locations 
and mainstem reaches. Local extirpation of salmonids within tributaries due to anthropogenic 
disturbances may be an inherent part of the contemporary watershed context, but improving the 
suitability of rearing habitats would likely increase connectivity and promote the exchange of 
reproductive individuals among tributary sub-populations allowing salmonids to re-populate 
reaches after they recover from disturbances. 
 
Limiting Factors – Physical and chemical attributes of surveyed reaches 
Much of the disparity in the distribution and density of redband trout among tributaries and 
among reaches within tributaries could be explained by the dramatic differences in the physical 
and chemical attributes that constituted habitat suitability in the upper Hangman watershed.  Data 
collected in this reporting period and previous efforts (Kinkead and Firehammer 2011) 
demonstrate that forested reaches in Hangman, SF Hangman, Martin, Mission, and Sheep creeks 
where redband trout were commonly found, typically had a lower percentage of fines in 
surveyed riffle substrates, greater canopy cover, and more LWD than in other reaches, such as 
downriver reaches of Sheep and Mission creeks and main-stem reaches in Hangman creek, 
where agriculture predominated.  In addition, summer temperature profiles, most likely related to 
the presence of canopy cover, were cooler and more suitable for incubation and rearing in upper 
forested reaches of monitored sub-watersheds than in downriver agricultural reaches. 
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Temperature monitoring of the southern portion of the upper Hangman watershed using 
percentage of hours exceeding spawning and rearing temperature limits were compared to 
various research on temperature and its impact on redband trout show that a lack of canopy cover 
and concomitant high summer temperatures may be a major factor limiting the distribution and 
abundance of redband trout in many of the stream reaches in the upper Hangman Creek 
watershed.  Both spawning limits of 14 °C (May 1st – June 30th), and rearing limits of 20 °C (July 
1st – August 30th) were examined.  The link between stream shading and temperature was 
especially evident for main-stem reaches in Hangman creek where summer temperatures were 
documented to sharply increase over relatively short distances downstream as the riparian 
canopy markedly decreased.  Throughout the reporting period, stream temperature metrics in 
downriver reaches of Mission and Sheep creeks and in the main-stem of Hangman Creek, where 
canopy cover was lacking, exceeded established temperature thresholds a high percentage of the 
time.    Despite the variety of metrics that have been proposed by the states of Washington and 
Idaho, our metric seemed to differentiate stream reaches reasonably well where redband trout 
were found to be present and lacking, and consequently, will continue to be used in future 
assessments.   
 
In addition to stream temperature monitoring, the accumulation of several more years of base 
flow, dissolved oxygen, and discharge data throughout this reporting period was instrumental in 
identifying those reaches in the upper Hangman Creek watershed that consistently displayed 
suboptimal rearing conditions for redband trout. Data analysis from 2008-9 show no significant 
changes from previous years (Kinkead 2003 and Kinkead and Firehammer 2011). 
 
Monitoring of discharge, TSS and turbidity during peak flows that occur during peak flow events 
reveal conditions in Hangman, Sheep, and Mission creeks are more likely to have sub-lethal 
effects on salmonids compared to Indian and Nehchen creeks.  The former have flashier 
hydrographs and suspended sediment concentrations over the course of several days that would 
cause increased coughing, increased respiration rates, long term reduction in feeding success, 
homing impairment, and overall poor condition. 
 
Channel forming processes were found to be highly impaired in Moctileme Creek where 
conditions are similar to previous surveys of Mission and Sheep creeks and main-stem reaches of 
Hangman Creek (Kinkead and Firehammer 2011).  As revealed in the Rosgen channel typing 
survey conducted, Moctileme Creek is essentially a gully, or a G Rosgen channel type 
characterized by deeply incised channels, and a sinuosity that was not consistent with their low 
gradient of less than 0.5%.  Channel incision further reduces the frequency of overbank flows 
and, as a result, impairs normal functions of a stream-riparian ecosystem.  Most of these stream 
channel changes were likely the result of a combination of factors including historical channel 
straightening and the installation of tiles on dry land agriculture fields, the removal of riparian 
vegetation, high road density, and excessive levels of timber harvest. The other five survey sites 
were conducted in forested tributaries with varying habitat conditions. All five had over 90% 
canopy but lacked pool habitat greater than 1.2 ft. deep. Only NF Indian and upper SF Hangman 
fulfilled the Coeur d’Alene Tribe’s wood loading target of 6m³/100m, but unfortunately the SF 
Hangman is intermittent in this reach. Martin Creek is perennial but fine sediments are likely 
limiting spawning success. 
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North Fork Indian Creek, where canopy, adequate spawning substrate, and LWD are more 
plentiful, the pools did not exceed one foot in residual depth.  This would be a result of a very 
small watershed. The absence of pool habitats in surveyed reaches in other tributaries of the 
upper Hangman watershed may in part be the result of an overall lack of large pieces of woody 
debris that are essential in both channel and pool-forming processes.  Given that deep slow 
moving pools are preferred by redbands for summer rearing and overwintering habitat, it is 
imperative to develop pool habitat in both the tributaries and the main-stem of Hangman. 
 
In summary, of all the surveyed sub-watersheds in the upper Hangman watershed, Indian Creek, 
a primarily forested tributary, though lacking in quantity of deep pool habitat, had the most 
suitable perennial flows and annual discharge regimes, the lowest temperatures, the highest level 
of dissolved oxygen, high levels of canopy cover, and suitable substrate size (Kinkead and 
Firehammer 2011).  Not unexpectedly, Indian Creek was also the one sub-watershed that 
supported the most robust distribution and density of redband trout, even though it was one of 
the relatively smaller sub-watersheds in upper Hangman.  Similar comparative results were 
reported by Dambacher and Jones (2007) for several streams in the Crooked River basin in 
Oregon.  The authors found that the stream that supported the highest densities of redband trout 
also provided the best available habitat with respect to the greatest volume of LWD, lowest 
temperatures, perennial flows, and lowest level of imposed disturbances (e.g., cattle grazing, 
logging), even though it had the smallest basin area of the streams surveyed.  As such, it is 
imperative to protect and preserve the quality and quantity of suitable rearing habitats that were 
evident in Indian Creek. 
 
The lower temperatures found in pools during thermal refuge surveys conducted on the main-
stem of Hangman Creek in 2008-9 illustrate the potential for increasing thermal refugia for 
rearing salmonids. Deeper pools could be created from recruitment of LWD from a mature 
riparian area, or from beaver dams. Harden-Davis (2005) used IFIM modeling to estimate a 
temperature decrease of 2° C by an addition of 50% canopy along mainstem reaches.  The 
cumulative effects of increased canopy and deeper pools I expected to bring temperatures in 
many main-stem reaches under the thresholds we have set for spawning and provide thermal 
refuge for summer-time rearing. 
 
Restoration priorities 
Restoration efforts during the reporting period focused on enhancing the quality of degraded 
rearing habitats in main-stem reaches of Hangman Creek to address documented deficiencies and 
to improve the suitability of migratory corridors. This would increase the connectivity of sub-
populations in tributaries in the upper Hangman watershed and promote both genetic interchange 
and colonization potential.  In addition, future restoration priorities should be focused on 
protecting and enhancing the availability of suitable habitat in Indian, Mission, and Sheep creeks, 
where the remnant sub-populations of redband trout are currently found.  Preservation and 
enhancement of such refugia for redband trout in the upper Hangman watershed would support 
the goal of connectivity among tributaries by having sufficient numbers of redband to colonize 
elsewhere after restoration has occurred. Replacement of culverts acting as migration barriers 
will provide access to additional rearing and spawning habitats for redband trout. Coordination 
with BPA Project 2001-33-00 to prioritize long and short term restoration projects and 
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recommend priority properties for purchase will be pivotal in developing a comprehensive plan 
for restoring Hangman Creek. 
 
1.0 PROJECT BACKGROUND 
 
The Coeur d’Alene Tribe has depended on runs of anadromous salmon and steelhead during 
aboriginal times, and centered their fishing activities along the upper reaches of the Spokane 
River and in Hangman Creek (Scholz et. al. 1985).  It is generally acknowledged that the Coeur 
d’Alenes shared Spokane Falls with the Spokane People, but Hangman Creek at the confluence 
with the Spokane River and the fishing site near what is now Tekoa, Washington are recorded as 
being primarily used by the Coeur d’Alene People (Scholz et. al. 1985).  Several estimates have 
been made of the amount of the anadromous fish resource that was consumed by the Coeur 
d’Alene People.  These estimated annual per capita consumption rates for the Coeur d’Alenes 
ranged from 100 pounds per year to 700 pounds per year, with the average per capita for Plateau 
Tribes in general ranging from 300-365 pounds per year (Scholz et. al. 1985). 
 
Construction and operation of the Federal and non-Federal hydropower system during the 20th 
century directly led to the complete extirpation of all anadromous and some resident fish 
populations as well as the permanent destruction of thousands of acres of critical fish and 
wildlife habitat throughout portions of the Upper Columbia River and its tributaries.  Such is the 
case with Chief Joseph, Grand Coulee, and Albeni Falls dams as well as additional hydro 
facilities constructed along the Spokane River.  Simultaneously, rapid changes in land 
management practices further altered the fish species composition in Hangman Creek and the 
availability of native terrestrial wildlife habitat (Edelen and Allen 1998).  From the World War II 
era to the present, streams were straightened and channelized to provide more arable lands, with 
the greatest modifications occurring during the 1950s and 1960s.  By 1996, the predominant 
(65.1%) use of the land within the Hangman Watershed on the Coeur d'Alene Reservation was 
agriculture, followed by forest (37.9%), grassland (0.2%), developed (0.3%) and wetland 
(0.006%) (Redmond and Prather 1996).  Because of the land modifications to Hangman Creek, 
the watershed was listed in the Environmental Protection Agency’s 303d list in 1998 for habitat 
alteration, sediment, nutrients, and bacteria.  Moreover, tributaries to Hangman Creek within 
Idaho were also listed in 2002 for elevated levels of temperature. 
 
To address the losses attributed to the establishment of the Federal Columbia River Power 
System (FCRPS), the Pacific Northwest Electric Power Planning and Conservation Act (Act) of 
1980 explicitly gives the Bonneville Power Administration (BPA) the authority and 
responsibility “to protect, mitigate, and enhance fish and wildlife to the extent affected by the 
development and operation of any hydroelectric project of the Columbia River and its tributaries 
in a manner consistent with the program adopted by the Northwest Power Planning Council 
(NWPPC) and the purposes of this Act.”  The Hangman Watershed’s reduced capability to 
support native fish and wildlife and its historical importance to the Coeur d'Alene Tribe 
prompted the Coeur d’Alene Tribe to submit an resident fish substitution project proposal to the 
Northwest Power Planning Council to begin a coordinated effort to protect and restore fish and 
wildlife habitats along with the natural function of wetlands, riparian areas, and streams within 
the Project Area.  The projects proposed were intended to restore the native resident fish to 
Hangman Creek to provide alternate subsistence resources for extirpated salmon.  The Hangman 
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Restoration Project (BPA Project #2001-033-00) was submitted in conjunction with this Project, 
Implement Fisheries Enhancement on the Coeur d'Alene Indian Reservation: Hangman Creek 
(BPA Project #2001-032-00).  These proposals were submitted during the fall of 2000 for 
inclusion in the FY2001 – FY2003 budget cycle for the Spokane River Subbasin of the 
Intermountain Province.  These projects were funded as part of the Bonneville Power 
Administration’s commitment “to rebuilding healthy, naturally producing fish and wildlife 
populations by protecting and restoring habitats and biological systems within them” (Northwest 
Power Planning Council 2000a). 
 
The primary goal proposed in the original project submittal included: 
 

Protect and/or restore stream habitats throughout the Hangman Watershed on the Coeur 
d’Alene Indian Reservation in order to support the restoration or reintroduction of native 
fish populations that are reduced from their original abundance. 

 
This goal was to be attained through a stepwise process to: 

• Conduct baseline investigations to determine native and resident fish stock 
composition, distribution, and relative abundance in the Subbasin by year 2010 
(Priority 1) (Intermountain Province Subbasin Plan 2004). 

•  Describe biological, physical, and chemical attributes of habitat of Hangman Creek 
and its tributaries that either support or limit the distribution and abundance of native 
redband trout. 

• Protect and enhance native redband trout populations by implementing habitat 
restoration measures 

• Create a holistic approach to restoration through a public outreach program. 
• Create a fishery to support traditional and recreational harvest. 

 
The project began in 2002 with an initial coarse assessment of the spatial distribution of fish 
assemblages across the upper Hangman watershed, with a particular emphasis on delineating 
reaches where native and non-native salmonids were present and absent (Peters et al. 2003).  
Assessment of the watershed continued thru 2007 (Kinkead and Firehammer 2011); with yearly 
water quality analysis that included discharge, TSS, turbidity, pH, conductivity, dissolved 
oxygen, nutrients, bacteria, and alkalinity; genetic analysis of salmonids; macro-invertebrates; an 
Instream Flow Incremental Methodology project; and Rosgen channel typing. 
 
Redband abundance and distribution 
Assessment of the fisheries populations included a broad spatial sampling in order to determine 
distribution over the entire Hangman watershed within Idaho boundaries, and later was 
prioritized in 20005 to exclude the northern part of the watershed that was almost entirely 
devoted to dry-land farming.  Moderate numbers of redband trout were found in Indian Creek, 
and short reaches of Mission, Sheep, and tributaries east of the Reservation boundaries.  Given 
that one of the primary objectives of the project identified in the Spokane Subbasin plan is to 
increase the distribution of redband trout, it is imperative that conditions conducive to 
establishment are restored in those reaches that currently are seemingly restricting the spatial 
extent of existing remnant subpopulations.  Hangman Creek has the morphological 
characteristics of stream reaches with low gradient mid elevation reaches located in alluvial 
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valleys with prominent floodplain habitats, as well as overwintering habitat with deep, slow 
moving pool habitats for redband trout. Though pools are scarce in tributary reaches, pools 
greater than 1m are present in some tributary locations and main-stem reaches. 
 
Improving the suitability of rearing habitats to expand the spatial distribution of redband trout 
would also likely increase connectivity and promote the exchange of reproductive individuals 
among tributary sub-populations.  Genetic analysis indicated evidence of reproductive isolation 
for sampled subpopulations in tributary reaches, which may be a result of degraded habitat in 
areas downstream of sample locations that are inhibiting the movement of adults among 
subpopulations.  Alternatively, the differences in genetic signature may be a result of genetic 
drift associated with small effective populations, which is shown in significant departures from 
Hardy-Weinberg equilibrium.  Whatever the reason, increasing the connectivity of tributary 
subpopulations would promote a more robust and resilient population structure and would 
minimize the adverse consequences (e.g., demographic stochasticity, inbreeding depression) that 
arise from isolated, small populations.  Further, given that the genetic signature from redband 
trout in California Creek, a tributary in the lower reach of Hangman Creek, aligned more with 
fish from upper Hangman than with those downstream in the Spokane subbasin, there is 
evidence that movement and sub-population connectivity throughout the drainage likely existed 
in the past and may have been an important mechanism that promoted metapopulation 
persistence. This suggests that conditions in Hangman Creek have prevented successful 
colonization of non native rainbow trout found in the Spokane River, and the expected genetic 
introgression with native redband trout. 
 
Limiting factors – physical and chemical attributes of surveyed reaches 
Much of the disparity in the distribution and density of redband trout among tributaries and 
among reaches within tributaries could be explained by the dramatic differences in the physical 
and chemical attributes that constituted habitat suitability in the upper Hangman watershed.  
Forested reaches in Indian Creek and in upper Sheep and Mission creeks, where redband trout 
were commonly found, typically had a lower percentage of fines in surveyed riffle substrates, 
greater canopy cover, and more LWD than in other reaches, such as downriver reaches of Sheep 
and Mission creeks and main-stem reaches in Hangman creek, where agriculture predominated.  
In addition, summer temperature profiles, most likely related to the presence of canopy cover, 
were cooler and more suitable for incubation and rearing in upper forested reaches of monitored 
sub-watersheds than in downriver agricultural reaches. 
 
Temperature monitoring of the southern portion of the upper Hangman watershed using running 
7-day average max were compared to various research on temperature and its impact on redband 
trout.  Data showed that a lack of canopy cover and concomitant high summer temperatures may 
be a major factor limiting the distribution and abundance of redband trout in many of the stream 
reaches in the upper Hangman Creek watershed.  Both spawning limits of 14 degrees C (May 1st 
– June 30th), and rearing limits of 20 degrees C (July 1st – August 30th) were examined.  The link 
between stream shading and temperature was especially evident for main-stem reaches in 
Hangman creek where summer temperatures were documented to sharply increase over 
relatively short distances downstream as the riparian canopy markedly decreased.  Throughout 
the reporting period, stream temperature metrics in downriver reaches of Mission and Sheep 
creeks and in the main-stem of Hangman Creek, where canopy cover was lacking, exceeded 
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established temperature thresholds a high percentage of the time.  Despite the variety of metrics 
that have been proposed by the states of Washington and Idaho, our metric seemed to 
differentiate stream reaches reasonably well where redband trout were found to be present and 
lacking, and consequently, will continue to be used in future assessments.  We intend to examine 
the availability and distribution of these potential refugia in main-stem habitats of Hangman 
Creek in future monitoring years following established protocol (Firehammer et al. 2010). 
 
Monitoring during 2004-7 of discharge, TSS and turbidity during peak flow events reveal 
conditions in Hangman, Sheep, and Mission creeks are more likely to have sub-lethal effects on 
salmonids compared to Indian and Nehchen creeks (Kinkead and Firehammer 2011).  The 
former have flashier hydrographs and suspended sediment concentrations over the course of 
several days that would cause increased coughing, increased respiration rates, long term 
reduction in feeding success, homing impairment, and overall poor condition. 
 
Channel forming processes were also found to be highly impaired in the lower reaches of 
Mission and Sheep creeks and in main-stem reaches of Hangman creek.  As revealed in the 
Rosgen channel typing surveys conducted during 2004-7 (Kinkead and Firehammer 2011), these 
reaches were in a transitional phase from a Rosgen C to an F classification, and were 
characterized by deeply incised channels, and a sinuosity that was not consistent with their low 
gradient of less than 0.5%.  Channel incision further reduces the frequency of overbank flows 
and, as a result, impairs normal functions of a stream-riparian ecosystem.  Most of these stream 
channel changes were likely the result of a combination of factors including historical channel 
straightening and the installation of tiles on dry land agriculture fields, the removal of riparian 
vegetation, high road density, and excessive levels of timber harvest. 
 
Though water quality and physical features (e.g., low canopy cover and LWD volume, excessive 
fine sediments) were typically inadequate to support suitable rearing habitat for redband trout in 
the main-stem of Hangman creek and in lower reaches of Mission and Sheep creeks, these same 
reaches were primarily the sole reaches that provided deep pools in surveyed sub-watersheds in 
upper Hangman (Kinkead and Firehammer 2011).  Indian Creek, where canopy, adequate 
spawning substrate and LWD are more plentiful, the pools did not exceed one foot in residual 
depth.  The absence of pool habitats in surveyed reaches in tributaries of the upper Hangman 
watershed may in part be the result of an overall lack of large pieces of woody debris that are 
essential in both channel and pool-forming processes.  . 
 
Analysis of macro-invertebrate samples collected across sub-watersheds in 2004 reflected the 
differences in water quality and habitat features, specifically substrate size and stream 
temperature, observed among reaches (Kinkead and Firehammer 2011).  Generally, macro-
invertebrate metrics described a trend of decreasing habitat quality (i.e., greater stream 
temperatures and higher percentages of fine sediments) for salmonid species from upstream to 
downstream for all tributaries, with the exception of Indian Creek.  Regression analysis showed a 
significant relationship (P<0.05) for both temperature and percent fines for the following 
metrics; EPT Richness, % EPT, Plecoptera Richness, % Plecoptera, Fine Sediment Biotic Index, 
% Diptera, % Chironomidae, Intolerant Taxa Richness, Long-Lived Taxa Richness, DEQ MBI.  
In many cases it was very significant (P<0.0001), such as percent plecopterans (stoneflies) and 
plecopteran richness.  Plecopterans were not only useful to assess temperature and fine 
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sediments, but also effective in assessing the quality of feeding habits for redband trout since 
they are significantly larger prey items 
 
In summary, of all the surveyed sub-watersheds in the upper Hangman watershed, Indian Creek, 
a primarily forested tributary, though lacking in quantity of deep pool habitat, had the most 
suitable perennial flows and annual discharge regimes, the lowest temperatures, the highest level 
of dissolved oxygen, high levels of canopy cover, and suitable substrate size.  Not unexpectedly, 
Indian Creek was also the one sub-watershed that supported the most robust distribution and 
density of redband trout, even though it was one of the relatively smaller sub-watersheds in 
upper Hangman.  As such, it is imperative to protect and preserve the quality and quantity of 
suitable rearing habitats that were evident in Indian Creek. 
 
RM&E Data Gaps 
Several data gaps in the RM&E protocol was identified in the previous 2004-7 report (Kinkead 
and Firehammer 2011).  There is a need for fish passage assessment at various locations that are 
suspected of being fish barriers, including a county road on Bunnel Creek and two culverts in the 
Indian Creek watershed.  Continuous temperature monitoring sites are located to track 
longitudinal changes across the watershed and various land uses.  However, thermal 
heterogeneity of pools within the mainstem of Hangman is not well defined, and continuous 
temperature monitoring over the last 5 years is inadequate to show possibly differences in deep 
pools. Lastly, the tagging efforts tracking migration habits of redband trout has not yielded 
adequate results.  Fish marked with fingerlings tags and floy tags are not being recaptured. A 
change to Visible Implant Elastomer tags is in place for 2009.  Because migration trapping was 
the most efficient method of sampling larger age 3+ fish, trapping and tagging efficiency will 
need to improve. 
 
Restoration Priorities 
Restoration efforts during 2005-7 focused on enhancing the quality of degraded rearing habitats 
in main-stem reaches of Hangman Creek to address documented deficiencies and to improve the 
suitability of migratory corridors that would increase the connectivity of sub-populations in 
tributaries in the upper Hangman watershed and promote both genetic interchange and 
colonization potential.  Based on the IFIM modeling analysis conducted by Hardin-Davis (2005), 
the most effective method to expedite the increase in usable habitats in the main-stem of 
Hangman would be to improve the suitability of rearing temperatures by increasing the amount 
of stream shading.  It is estimated that a decrease of 2 degrees C is possible with canopy to 
increase to 50% along the main-stem of Hangman.  Consequently, much of our restoration 
activities should be devoted to riparian plantings that would address this.  Based on 
experimentation with various techniques and the lessons learned therein, we intended to focus on 
planting larger plants with maximum protection methods using larger cones, hogs panels and 
watering during the periods of above average air temperatures in order to improve survival rates 
measured during 2005-7. 
 
In addition, future restoration priorities identified in 2007 (Kinkead and Firehammer 2011) is to 
focus on protecting and enhancing the availability of suitable habitat in Indian Creek, where the 
most robust remnant sub-population of redband trout is currently found.  Preservation and 
enhancement of such refugia for redband trout in the upper Hangman watershed would support 
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the goal of connectivity among tributaries by having sufficient numbers of redband to colonize 
elsewhere after restoration has occurred. Hardin-Davis (2005) concluded in their IFIM report 
that additional useable fish habitat can be gained in tributaries by additional flow, which in turn 
increases pool depth.  We intend to install pool-forming large woody debris structures in Indian 
Creek to increase residual pool depths. Given that deep slow moving pools are preferred by 
redbands for summer rearing and overwintering habitat, it is imperative to develop pool habitat 
in both the tributaries and the main-stem of Hangman. 
 
2.0 STUDY AREA 
Hangman Creek drains 430,000 acres of northern Idaho and eastern Washington.  The study area 
consists of the portion of Hangman Creek watershed that lies within the Coeur d’Alene 
Reservation and east into the headwaters outside of the reservation (Figure 1). The Washington-
Idaho State border, which corresponds to the border of the Coeur d’Alene Indian Reservation, 
marks the western boundary of the project area.  The total acreage is 157,586 (Kinkead 2011), 
with 147,993 of that within the reservation.  Elevations range from 754 meters in the northwest 
corner of the Project Area where Hangman Creek flows west into Washington to 1,505 meters at 
the top of Moses Mountain on the southeastern end of the Hangman/Coeur d'Alene Basin 
watershed divide.  The named tributaries within the basin include Mission, Tensed, Sheep, 
Smith, Mineral, Nehchen, Indian, the SF Hangman and its’ tributaries Conrad, Martin, and the 
upper part of Hangman Creek east of the Reservation along with its’ named tributaries Hill and 
Bunnel (Figure 1).  All of these tributaries were thought to be home to trout in the 1940’s (Aripa 
2003). 

 
The climate in the Project Area is sub-humid temperate with cool, wet winters and warm, dry 
summers.  Annual precipitation at DeSmet, Idaho for the years 1963-1983 was estimated to 
range from 70 to 90 cm (WRCC 2008).  A distinct precipitation season typically began in 
October or November and continued through March.  Approximately two-thirds of annual 
precipitation occurred during this period and rain-on-snow events generated by moisture laden 
Pacific air masses were common in late winter months (Bauer and Wilson 1983).  Temperatures 
in the watershed are mild overall.  The average daily maximum for August of the 1963-1983 
reporting period was 82.2° F.  The average daily minimum for January, which was the coldest 
month of the year, was 20.9° F.  Snows in the lower elevations of the Study Area do not persist 
throughout the winter and in the higher elevations the snows are usually completely melted by 
April or May. Weather and land management practices such as tilling, tiling, grazing, riparian 
vegetation removal, stream channelization, logging, and road building have all contributed to 
stream sediment pollution and a flashy hydrologic cycle (Spokane County Conservation District 
1994, Isaacson 1998).  Rain-on-snow events in particular swell streams, contribute to the erosion 
of lands and cause a pulse of stream sediment pollutants (Bauer and Wilson 1983).  The lack of 
an adequate wetland water storage capacity within the watershed results in little to no base flow 
during the dry season of August and September. 
 
The original vegetation patterns within the Project Area included the eastern edge of the Palouse 
Steppe, mesic mountain forests, open woodland transition forests, (Bailey 1995, Lichthardt and 
Mosely 1997, Black et al. 1998) and wetland/riparian habitats (Jankovsky-Jones 1999).  
Currently the major vegetation coverage is agriculturally derived (Redmond and Prother 1996) 
and native habitats have been greatly altered to channel water off the landscape to facilitate 
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agricultural production (Black et al. 1998, Jankovsky-Jones 1999).  Forest habitat series’ within 
the Project Area include western hemlock (Tsuga heterophylla), western red cedar (Thuja 
plicata), grand fir (Abies grandis), Douglas fir (Pseudotsuga menziesii), and ponderosa pine 
(Pinus ponderosa) (Cooper et al. 1991).  White pine (Pinus monticola) cover type has been 
eliminated by a combination of harvest and white pine blister rust (Hagle et al. 1989, Maloy 
1997).  Since settlement of this region, the ponderosa pine and Douglas fir cover types have been 
greatly reduced, while grand fir, cedar and hemlock cover types have greatly increased (Gruell 
1983). 
 
Riparian/wetland plant communities within the Project Area can be divided into five general 
categories: coniferous forest, deciduous forest, deciduous shrub, graminoid wetlands (Jankovsky-
Jones 1999) and camas marsh (Daubenmire 1988).  The coniferous forest communities include 
mountainous riparian communities that are dominated by western red cedar, or mountain 
hemlock, with alder (Alnus incana) populating areas of disturbance from timber harvest.  In the 
lower elevations, a mosaic of riparian communities exists directly from land management 
practices where the dominant native vegetation includes ponderosa, alder (Alnus incana), and 
hawthorne (Cretaegus douglasii), along with invasive weeds, such as hawkweed (Hieracium 
sp.), reed canarygrass (Phalaris arundinacea), and common tansy (Tanacetum vulgare).  Other 
plants present in less than historical density include; aspen (Populus tremuloides) black 
cottonwood (Populus trichocarpa), red-osier dogwood (Cornus sericea), willow (Salix sp.).  The 
graminoid wetlands are dominated by grasses (Agropyron), sedges (Carex sp.) and various 
rushes (Eleocharis, Glyceria, Juncus, Scirpus, and Sparganium), and Camas (Camassia spp). 
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Figure 1.  The aboriginal territory of the Coeur d’Alene People encompassed the Coeur d’Alene 
Subbasin and roughly half the Spokane Subbasin.  The major fisheries sites for salmon and 
steelhead within the aboriginal territory included Spokane River and Hangman Creek.  Major 
fishing sites in Hangman Creek were at the confluence with the Spokane River and near, what is 
now, the current town of Tekoa, Washington.     

  



 

Coeur d’Alene Tribe Fisheries Program – Annual Report, Hangman Creek Fisheries Restoration, 2008-2009.                                                                                                                                                                 12 

3.0 MATERIALS & METHODS 
 
3.1 Biological Assessment 
3.1.1 Trout Abundance and Distribution during Summer Rearing Periods 
Stream reaches were stratified into relatively homogeneous types according to broad 
geomorphologic characteristics of stream morphology, such as channel slope, channel sinuosity, 
valley width.  Stream reaches were further stratified by basin area to ensure that both mainstem 
and tributary habitats were represented in the stratification scheme.  Sample locations within 
each stratum were randomly selected in proportion to the total reach length.  The length of each 
sample unit was defined 200 feet.  The sample sites chosen were a result of further prioritization 
of research monitoring and evaluation in order to tie into restoration possibilities within the next 
few years (Figures 2-7). 

 
Thirty-five were electro-fished in the summer to quantify the abundance and distribution of 
fishes during early stage of base flow conditions occurring between June and July in order to 
sample some stream reaches that are intermittent, as well as avoiding stress on fish in 
temperature limited reaches.  Trout populations were estimated using the removal-depletion 
method (Seber and LeCren 1967, Zippen 1958).  Block nets were placed at the upstream and 
downstream boundaries to prevent immigration and emigration during sampling.  Each sample 
site was electro-fished using the standard guidelines and procedures described by Reynolds 
(1983).  Fish were stunned using a Smith-Root Type VII pulsed-DC backpack electro-fisher and 
then collected.  Two electro-fishing passes were made for each sample site as the standard 
procedure.  A third pass was conducted if the number of salmonids captured in the second pass 
was more than 50% of that captured in the first pass.  Captured salmonids, including redband and 
cutthroat trout, were identified, enumerated, measured (TL to nearest mm), and weighed (g).  
Trout greater than 200 mm in length were tagged with a Floy FD-6B numbered anchor tag.  All 
fish 1+ and older were tagged using Visible Implant Elastomer (VIE) tags from Northwest 
Marine Technology using four separate colors and marking either the left or right side of the fish 
for a total of 8 possibilities to track migration from any of the tributaries previously identified as 
fish-bearing, as well as three sections of the main stem of Hangman (Picture 1and Picture 2).  
Other species such as longnose dace, redside shiner, longnose sucker, and sculpin (spp.) were 
considered incidental catch and were only counted. 
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Figure 2. Sample locations for electro-shocking in the southern section of Hangman Creek in 
2009.  
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Figure 3. Sample locations for electro-shocking in the Mission Creek watershed during 2009. 
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Figure 4. Sample locations for electro-shocking in the Sheep Creek watershed during 2009.  
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Figure 5. Sample locations for electro-shocking in the Nehchen Creek watershed during 2009.  
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Figure 6. Sample locations for electro-shocking in the Indian Creek watershed during 2009.  
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Figure 7. Sample locations for electro-shocking for all sites east of the Coeur d’Alene 
Reservation during 2009.  
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Picture 1.  Processing of fish in 2008-9 consisted injection of Visible Implant (VIE) which were 
color and location coded to track an individual’s movement in the watershed.  

 
 

 
Picture 2. VIE tagged coho salmon (O. kisutch) smolt under ambient light, and with VI Light 
 
 
  



 

Coeur d’Alene Tribe Fisheries Program – Annual Report, Hangman Creek Fisheries Restoration, 2008-2009.                                                                                                                                                                 20 

Index site abundances were estimated for fish considered at least one year of age (hereafter 
referred to as age 1+) separately for each salmonid species using the removal-depletion method 
(Zippen 1958; Seber and LeCren 1967).  Site estimates were calculated using the following 
equation for two pass removals (Armour et al. 1983): 
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where: 
N = estimated abundance; 
U1= number of fish collected in the first pass; and 
U2= number of fish collected in the second pass. 

 
The standard error of the estimate was calculated as: 
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where: 
se(N) = standard error of the estimate; 
M= U1 + U2; 
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Abundance estimates when more than two passes were necessary were calculated using the 
following equation (Armour et al. 1983): 
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where: 
N = estimated population size 
M = sum of all removals (U1 + U2 + ….Ut) 
t = the number of removal occasions 
Ui = the number of fish in the ith removal pass 
C = (1)U1 + (2)U2 + (3)U3 +…..(t)Ut 
R = (C-M)/M 
p =  (a0)1 + (a1)R + (a2)R2 + (a3)R3 + (a4)R4 
ai = Polynomial coefficient from Table 8 (Armour et al. 1983). 

 
The standard error was calculated as: 
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The approximate 95% confidence interval for the site abundance estimate was calculated as 
follows (Armour et al. 1983): 
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3.1.2 Trout Age Analysis 
Raw scales were used for age determination and calculating growth rates.  Salmonid scales were 
taken from the side of the body just behind the dorsal fin and above the lateral line (Jearld 1983).  
Scale samples were sorted by watershed to allow for independent determination of age and 
growth rate.  In the laboratory, several dried scales were mounted between two glass microscope 
slides and viewed using a Realist, Inc., Vantage 5 microfiche reader.  Age was determined by 
counting the number of annuli (Lux 1971, Jearld 1983).  Simultaneous to age determination, a 
measurement was made from the center of the focus to the furthest edge of the scale.  Along this 
line, measurements were made to each annulus under a constant magnification.  These 
measurements can later be used for back calculations, but were not done so at this time. 
 
3.1.3 Trout Migration 
Migration traps were installed near the mouth of Nehchen, and Indian Creeks in 2008 and 2009 
to assess migratory life history patterns, length and age frequency distribution, and relative 
abundance of migrating trout.  In the past, both the feasibility of installing and maintaining traps 
and the ultimate efficiency of trapping efforts have largely been determined by the runoff 
patterns of the respective watersheds.  The periodic, low duration peaks in the hydrograph related 
to rain-on-snow events and/or heavy rains generally have resulted in very low trapping 
efficiency.  Traps were installed March 1st and were monitored and maintained until May 30th. 
 
The design was a modification of the juvenile downstream trap used by Conlin and Tuty (1979).  
Traps consisted of a weir, runway and a holding box (Picture 3).  Traps boxes were made by 
welding rebar, chicken wire, and aluminum sheet metal for the cover.  The barrier fences were 
made from a combination of rebar/chicken with rebar hammered into stream banks for support.  
Paired upriver and downriver traps were placed approximately 10 meters apart and installed at 
each location to capture fish moving upstream from the main-stem of Hangman and fish moving 
downstream from the upper watershed, respectively.  A resistance board weir, modified after the 
design used by Stewart (2002), was used to trap upstream migrants in the main-stem of Hangman 
Creek, and was located below the confluence of Nehchen Creek (Picture 4).  The weir was built 
with spacing between the PVC pickets to accommodate the size of redband trout age 2 and older 
in Hangman Creek.  Traps were checked and cleaned at least once daily during peak spawning 
periods from April through the mid-May.  Fish captured in the traps were identified, counted, 
measured, and weighed.  A scale sample was taken to assess the age and condition of the fish.  
Fish were tagged in the same manner as in summer electroshocking. 
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Picture 3.  Standard upstream trap used at Nehchen and Indian creeks. 

 
 

 
Picture 4.  Resistance Board Weir installed first in winter of 2005 and maintained March 1st till 
mid June during 2008-9. 
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3.2 Chemical Assessment 
3.2.1 Water Quality 
Sample stations were spatially distributed to provide a representative coverage across the 
watershed using geomorphology, steam order, riparian and upland vegetation, and fish 
presence/absence as classification variables.  Twenty-seven stations in the southern section of the 
Hangman Creek watershed were monitored for water quality during 2008-9, which included 11 
primary and 16 secondary sample sites (Figure 8).  Sampling was conducted during June and 
August and occasionally at primary locations during major flow events to characterize the 
critical time frames of spawning and incubation, baseline flows, and rain-on-snow events that 
might become detrimental to salmonid health.   A complete list of sample site locations and 
water quality variables can be found in Appendices A and B, respectively.  Temperature, 
dissolved oxygen, pH, and conductivity were monitored at each station using the YSI Model 
556.  Data was downloaded into the built in data logger, and transferred into excel format. 
Quality control was maintained through strict adherence to the standard operating procedures 
outlined in the YSI® manual (YSI Corporation 2004).  Instrument calibration took place at the 
beginning of each day of monitoring.  A calibration log was used to record the date and time of 
calibration, the analyst performing calibration, the calibration parameters, and other comments.  
At the end of the monitoring run, the instrument was checked for drift.  All readings were 
recorded in the calibration log.  All standards used for calibration were traceable to NIST 
Aqueous Electrolytic Conductivity Standard, or other comparable standards.  Reagents used for 
calibration were accompanied by the following documentation: manufacturer, lot numbers, 
expiration dates, and date opened.  A logbook was kept which contains all information related to 
preparation of reagents and standards. 
 
Water samples were also collected at each station for the analysis of various water quality 
variables that included total suspended solids (TSS) and turbidity.  Samples were collected using 
a certified water collection device, and transferred to the appropriate containers for transportation 
to the contract laboratory.  Transportation containers were specially cleaned and prepared by the 
contract laboratory.   Additional information regarding sampling locations and laboratory 
procedures may be found in Appendix A. 
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Figure 8.  Locations of water quality sampling stations in the southern section of Hangman Creek 
for 2008-2009.  The yellow areas are agriculture, and green are areas of forest management. 
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At each station, discharge was also collected at the time of water sampling whenever possible.  
Discharge measurements were taken in accordance with standard IFIM methodologies (Bovee 
1982).  The wetted stream channel was divided into 20 equal cells and water velocity was 
measured in each cell using a Price model 622 digital flow meter.  Discharge for each cell was 
calculated by multiplying the cell width by depth and velocity.  All individual cell discharges 
were summed to determine total discharge in cubic feet per second.  Discharge measurements at 
eleven sampling locations are being used to develop a stage/discharge relationship, with more 
locations planned in the future.  Discharge measurements were collected at low, medium, and 
high flows in order to complete the rating curve.  Staff gauge heights were recorded to the 
nearest 0.002 ft.  The rating curve will be used to determine the annual water budget for each 
stream sampled. 
 
3.2.2 Continuous Temperature Monitoring 
HOBO temperature loggers (Onset Computer Corp.) were installed at 30 locations in 2008-9, 
and distributed across the upper Hangman Creek watershed to develop stream temperature 
profiles (Figure 9).  Loggers were typically deployed over the period from March/April to 
October and programmed to record water temperatures hourly (accurate to ± 0.6oC).  Loggers 
were retrieved and data downloaded on average three times a year.   
 
Temperature data was analyzed by calculating the percentage of hours that exceeded threshold 
limits for spawning and rearing timeframes, collectively and individually.  A limit of 14 o C was 
set for spawning and incubation during May 1 – June 30, and 20 o C for rearing during July 
through August.  Additional analysis matched methods used previously during 2004-7 (Kinkead 
and Firehammer 2011) in order to draw comparisons year to year, and is presented in Appendix 
C.  Seven –day moving averages for maximum and minimum daily temperatures were compared 
to a threshold limit of 14oC, which was selected by the Idaho Department of Environmental 
Quality (IDDEQ) to identify suitable spawning and incubation temperatures for coldwater fish, 
over the time period from May 1 to June 30.  In addition, moving averages for maximum daily 
temperatures were compared to a threshold limit of 20oC, which was selected internally to 
identify suitable rearing temperatures for redband trout, over the time period from July 1 to 
August 31.   
  



 

Coeur d’Alene Tribe Fisheries Program – Annual Report, Hangman Creek Fisheries Restoration, 2008-2009.                                                                                                                                                                 26 

 
Figure 9.  Locations of 30 continuous temperature monitoring stations in the southern section of 
Hangman Creek watershed.  
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3.2.3 Evaluating Thermal Refugia in Hangman Creek 
Thermal heterogeneity at fine-scale, riffle/pool sequences was assessed in Hangman Creek in 
Reaches HAMF11 to HAMF15 (mouth of Nehchen to mouth of Indian Creek) in mid-summer during 
the afternoon using a rapid-response digital thermistor probe (Cooper Instruments model TM99A-E, 
accurate to within ±0.1 °C). The thermistor probe was attached to a surveying rod, permitting 
simultaneous measurements of depth and temperature. While wading upstream, water temperature 
and depth (m) were recorded both at a riffle and at the deepest part of the associated pool upstream. 
The relationship between residual pool depth and the calculated riffle-pool temperature difference 
was examined to evaluate changes in the availability of thermal refugia in the mainstem reaches in 
Hangman Creek before restoration. 
 
3.3 Physical Habitat Assessment 
3.3.1 Rosgen Channel Typing 
Sample sites were distributed across the upper Hangman watershed in those reaches that are 
currently receiving or projected for habitat enhancement to evaluate the response of physical 
habitat metrics to implemented actions.  In addition, sites were also located in control reaches to 
permit comparisons between treated and untreated reaches to evaluate if measured responses 
were the result of the implemented restoration actions.  Rosgen Level 1 survey methodology was 
used to ensure that paired control and treatment sites shared similar geomorphological 
characteristics (see section 3.1.1 Trout Abundance and Distribution during Summer Rearing 
Periods for description of methodology).  Paired monitoring sites for restoration actions are 
presented in tabular format (Table 1), with 1 of the sites surveyed during 2008-2009. 
There was an additional five sites surveyed to describe general conditions across the watershed 
(Figure 10). 
 
Rosgen Level II survey methodology was used to determine channel type at each of the survey 
sites, and to measure various physical attributes to characterize the reach.  The first task in Level 
2 channel typing upon arrival at a monitoring site was to determine the location of the 
downstream end of the surveyed reach.  Once this was found, the location was flagged with 
surveyor’s flagging.  A 500-foot tape (zero end) was then attached near the water surface and 
spooled out along the thalweg with the 500 ft mark denoting the upstream end of the reach.  This 
location was also marked with flagging.  The following physical attributes were then surveyed or 
measured along the 500 ft reach.  Basic survey methods followed those used by Harrelson et al. 
(1994). 
 
Longitudinal "Thalweg" Profile 
The slope of the water surface is a major determinant of river channel morphology, and of the 
related sediment, hydraulic, and biological functions (Leopold 1994).  A longitudinal profile 
surveyed along a selected channel reach is recommended for slope and channel typing 
determinations (Rosgen 1996).  This effort (modified from Peck et al. 2001) involved the 
determination of the water surface and channel bottom elevations along the "thalweg" of each 
500-foot study reach.  "Thalweg" refers to the flow path of the deepest water in a stream channel.  
The longitudinal thalweg profile, therefore, is a survey of the lowest stream bottom elevations, 
and associated water depths, along the reach.  Measurements require the use of a surveyor's level 
and rod, and the 500-foot measuring tape described above.  Since most reaches are longer than 
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could be seen from a single level setup, it was necessary to use "turning points" to move the level 
through the reach. 
 
Profile surveying was begun once a back site shot to a previously established benchmark was 
completed.  This permanent reference point (top of a section of one-inch rebar driven firmly into 
the ground) was given the assumed elevation of 100.00 feet.  From the benchmark, the level was 
set up and shots taken along the thalweg.  A sufficient number of shots were taken to capture all 
changes in channel bottom slope and habitat types along the reach, generally every 4 feet or so.  
Collected survey data was input into River Morph V. 3.1, a software package for Rosgen stream 
typing, for each site, which automatically graphed the profiles and also calculated pertinent 
descriptive criteria such as water surface slope. 
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Figure 10.  Sample sites for Rosgen channel typing surveys in Hangman Creek during 2008-9. 
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Table 1.  Projected restoration/enhancement projects in upper Hangman Creek watershed with 
associated paired treatment and control monitoring sites. 

Future Project Project Category Treatment Control  

Site Treatment Type Monitoring Site # 
Monitoring Site 
# 

Indian R2 (Pow Wow 
Grounds) In-stream structures Indian R2.b, R2.c R2.a, R2.d 
  & Riparian plantings     
Nehchen R1 Riparian plantings R1 Conrad R1 
Nehchen R2 Riparian plantings Nehchen R2   
Upper Nehchen R4 In-stream structures Nehchen R4a Nehchen R4b 
  & Riparian plantings     

Hangman R11 (Sweatlodge) 
Streambank 
Stabilization Hangman R11 Hangman R12 

  & Riparian Plantings     

Hangman R13 
Channel 
Reconstruction Hangman R13 Hangman R12 

  Riparian plantings     

Sheep R2 
Streambank 
Stabilization Sheep R2 Tensed R1 

  & Riparian Plantings     
Martin R1 Riparian plantings Martin R1  Martin R2* 

*Surveyed in 2008-2009 
 
 
Cross Section Profiles 
The cross section profiles were measured using a surveyor's level and rod at six locations along 
each studied reach.  All cross sections were monumented with permanent pins (rebar), stakes, 
lathe and flagging to allow for repeat surveying of the profiles in the future. In some cases, 
survey pins had to be reset because they had been moved or “lost”.  The Bench Mark established 
for the thalweg profile surveying was also used as the reference point for each of the six cross 
sections. 
 
The cross section profiles were used to verify the bankfull depth and to calculate the bankfull 
cross sectional area, wetted perimeter, average and maximum depth and width-to-depth ratio.  
The flood-prone width, which is defined as the valley width at twice the maximum depth at 
bankfull, and entrenchment ratio, defined as the flood-prone width divided by the bankfull width, 
were not determined as part of this effort.  The flood-prone width will be determined in the 
future to allow a verification of the channel type (see below).  Collected cross section survey 
data, which included water depths where appropriate, was input into River Morph V. 3.1, along 
with the longitudinal profile data, which automatically graphed the profiles and also calculated 
pertinent descriptive criteria such as bankfull elevation, cross sectional area, wetted perimeter 
and flood prone elevation. 
 
Channel Substrate 
Channel bed and bank materials influence the cross-sectional form, plan-view, and longitudinal 
profile of rivers; they also determine the extent of sediment transport and provide the means of 
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resistance to hydraulic stress (Ritter 1967).  Channel substrate was measured using a modified 
version of Wolman’s (1954) pebble count method as described by Rosgen (1993).  The modified 
method adjusts the material sampling locations so that stream bed materials are sampled on a 
proportional basis along a given stream reach. This requires that the six cross sections be located 
as described above.  The pebble count substrate analysis was performed along each of the six 
cross sections within the monitored reach.  Following the original method, particle size was 
determined as the length of the "intermediate axis" of the particle; that is the middle dimension 
of its length, width and height.  At each of these points a measuring stick or finger was placed on 
the substrate and the one particle the tip touched was picked up and the size measured.  Substrate 
size classes that were recorded are those used by Wolman (1954).  Collected pebble count data 
was input into River Morph v3.1 which automatically graphed the distribution of particle sizes 
and calculated pertinent descriptive criteria such as percent by substrate class (size) and a particle 
size index (D value) for each habitat type for which data is indicated. 
 
Canopy Cover 
Vegetative canopy cover (or shade) was determined using a conical spherical densiometer, as 
described by Platts et al. (1983).  The densiometer determines relative canopy "closure" or 
canopy density, depending on how the readings are taken. This monitoring was only for canopy 
density, which is the amount of the sky that is blocked within the closure by vegetation, and this 
is measured in percent.  Canopy cover over the stream was determined at each of the six cross 
sections established following the habitat typing survey.  At each cross section, densiometer 
readings were taken one foot above the water surface at the following locations: once facing the 
left bank, once facing upstream at the middle of the channel, once facing downstream at the 
middle of the channel and once facing the right bank.  Percent density was calculated collectively 
over these four readings, and then averaged over the six locations at a site. 
 
Instream Organic Materials 
Organic materials play an important role in the character and productivity of stream habitats.  
This survey of monitored stream reaches was an inventory of the number and size of individual 
pieces of woody material observed along a longitudinal transect through the reach.  All woody 
debris 4 inches in diameter at the small end and 3 ft in length that lay within the bankfull width 
were tallied and measured. For the Large Woody Debris (LWD) these data were converted into 
volumes of material so it was necessary to collect data on the lengths and diameters of the 
material to allow this calculation.  Tree root wads were tallied separately as these typically 
provide additional habitat benefits because of their size and complexity.  For this protocol the 
definition of a root wad was that it was dead, that it was detached from its original position, that 
it has a diameter where the tree trunk meets the roots of at least eight inches and that it was less 
than six feet long from the base of the root ball to the farthest extent of the trunk (Schuett-
Hames, 1999). 
 
The organic materials survey-transect was walked along the thalweg starting at the downstream 
end of the reach.  All LWD was tallied and measured whether or not it crossed the line of 
transect.  This included material that was suspended above the water surface and extended 
outside of the wetted stream width; it is not intended to include living trees or shrubs that hung 
over the water.  Measurements taken of all LWD were the diameter at the large end, diameter at 
the small end and the length between these two ends.  The large end diameter shall be measured 
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immediately above the roots, if there are roots attached.  The number and total volume of LWD 
throughout the reach was calculated for each site (River4m, Ltd. 1999). 
 
Pool metrics 
Various metrics were used to describe the availability of pool habitat at surveyed sites.  The 
analytical software package River Morph was used to identify pools along each surveyed reach, 
and to calculate residual depth for each pool identified.  Minimum, maximum, and mean residual 
pool depth were computed for each site, along with the density of pools per 100 m of stream 
length.  Though pool volume was not calculated at this time, data were collected using 
methodologies outlined in Firehammer et al. (2010) to enable such calculations to be performed 
at a later date. 
 
Sinuosity and Channel Pattern 
The sinuosity of a stream reach was estimated as the ratio of the stream channel length to the 
direct basin (valley) length.  Rosgen (1996) described the procedure for determining sinuosity of 
the entire stream basin but this also applies to a monitored stream reach.  For a large scale 
determination of sinuosity, a 1:24,000 map or ortho-photo and a ruler, or GIS map in measure 
option or GPS was used to measure the length of the basin as the straight line distance from the 
where the stream entered the study reach to where it left the reach.  The "total stream length" in 
the study reach was that measured for the longitudinal thalweg profile (i.e. 500 feet) and the 
valley length was measured by pulling a hip chain as straight as possible between the upstream 
and downstream ends of the 500-foot reach.  Sinuosity was then calculated by dividing the 
stream length by the valley length.  Meander length, radius of curvature, and belt width were 
measured using methods outlined in Rosgen (1996). 
 
Stream Typing Level 2 
The classification of stream channel types followed guidelines presented by Rosgen (1996) for 
Level 2 channel typing, and used data collected during the thalweg profile, cross section profile 
and sinuosity surveying efforts.  The objective of classifying streams on the basis of channel 
morphology was to use discrete categories of stream types to develop consistent, reproducible 
descriptions of the stream reaches.  These descriptions must provide a consistent frame of 
reference to document changes in the stream channels over time and to allow comparison 
between different streams.  The dominant substrate type (i.e. slit/clay, sand, gravel, cobble) was 
included as a modifier to the channel type.  The numbering for this was 1 for bedrock, 2 for 
boulder, 3 for cobble, 4 for gravel, 5 for sand, and 6 for silt and clay.  Reach data was entered in 
River Morph Version 3.1 to assess channel types.  Rosgen stream channel type classifications are 
described in more detail in Rosgen (1996). 
 
The delineative criteria to classify channel types for level 2 analysis were entrenchment ratio, 
width-to-depth (W/D) ratio, sinuosity and slope (Rosgen 1996).  Entrenchment ratio was 
estimated as the typical flood-prone width divided by the bankfull channel width.  Bankfull 
width, or the stream width and depth at bankfull stage, was determined by the elevation of the 
top of the "highest depositional feature", which could be a change in the size distribution of 
substrate or bank particles, a stain on rocks in the bank, or, most frequently, a break in the slope 
of the bank.  When the bankfull elevation was not evident in the field, it could usually be 
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determined by looking at the plotted cross section profiles.  Though flood-prone width is 
frequently not evident, especially where floodplain features have been obscured by agriculture or 
other human activities, it has been defined by Rosgen as the width at the elevation that is twice 
the bankfull max depth (i.e., twice the distance between the thalweg and the bankfull height).  
Width-to-depth ratio was defined as the bankfull width divided by the bankfull mean depth in a 
riffle section.  Slope was calculated as the drop in elevation of the water surface divided by the 
length of the reach, and was measured from the upstream end of one habitat type (preferably a 
riffle) near the upstream end of the study reach to the upstream end of a similar habitat type near 
the downstream end of the study reach.  Meander length, belt width, radius of curvature, and 
watershed size were entered into the program as additional descriptors to enable River Morph to 
be fully functional. 
 
3.3.2 Fish Passage Analysis 
An evaluation of fish passage was completed at three culverts that were suspected of being fish 
barriers.  Roving fish surveys showed fish present downstream of the structures but not 
upstream.  A fish passage screen developed by the US Forest Service Northern Region was used 
to assess fish passage for adult and juvenile redband trout at each stream crossing (Hendrickson 
et al 2008).  These Fish Passage Screens are detailed in Appendix D.  This methodology was 
used by the Tribe to complete a fish passage study in the adjacent Coeur d’Alene Subbasin.  
Physical stream data and culvert information was collected at each site.  This information 
included culvert length, diameter, slope and condition.  We also collected stream information 
adjacent to the crossing in order to obtain information about the bankfull channel, outlet drop, 
depth of the downstream pool, and channel slope (methods further described in Clarkin et al, 
2005). 
 
 
4.0 RESULTS 
4.1 Biological Assessment 
4.1.1 Fisheries Abundance and Distribution during Summer Surveys 
Redband trout (Oncorhynchus mykiss gairdneri) were primarily found within forested areas of 
the Hangman watershed using backpack electroshocking methods in 2009 (Table 2).  A total of 
271 redband were captured at 35 sample sites.  The highest concentrations of redband (Table 2) 
were found in Indian Creek (72.4 fish/100m), Martin Creek (71.7 fish/100m), and upper 
Hangman above confluence with the South Fork of Hangman (55.5 fish/100m).  More modest 
numbers were found in a few short reaches in Mission, Sheep, SF Hangman, and the main-stem 
of Hangman below the SF Hangman confluence.  Other species sampled included sculpin spp 
and temperature tolerant cyprinids such as redside shiners (Richardsonius balteatus) and 
speckled dace (Rhinichthys oculus).  Speckled dace and redside shiners dominated the first 7 
reaches of Hangman, and the lowest sample site in all of the tributaries (Kinkead and 
Firehammer 2011).  No salmonids were sampled in Nehchen Creek in 2009.  Field notes indicate 
no surface flow and recent timber harvests in the watershed.  Also noteworthy was the lack of 
fish above the culvert on EF Indian.  
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Table 2.  Total fish captured and depletion-removal estimates for redband trout sampled by 
multipass electrofishing in the upper Hangman Creek watershed, 2009.  Number of tolerant 
native minnows counted is also displayed.  Ordering of index sites corresponds to relative 
longitudinal position from downstream to upstream. 

 
 
 
 
  

Index site Passes

Hangman 1 2 0 0 . 0 269
Hangman 2 2 1 1 1 - 1 1.6 123
Hangman 3 2 1 1 1 - 1 1.6 258
Hangman 4 2 0 0 . 0 125
Hangman 5 2 4 4 4 - 4 6.6 50
Hangman 6 2 4 5 4 - 7 7.4 20
Hangman 7 2 2 2 2 - 2 3.3 70
Hangman 8 2 31 34 31 - 40 55.5 10
Bunnel 1 2 2 2 2 - 2 3.3 0

Indian 1 2 1 1 1 - 1 1.6 39
Indian 2 2 14 14 14 - 15 23.1 0
Indian 3 2 18 19 18 - 21 30.7 0
Indian 4 2 43 44 43 - 47 72.4 0
Indian 5 2 22 23 22 - 25 37 0
Indian 6 2 14 15 14 - 19 24.8 0
Indian 7 2 15 17 15 - 24 28.3 0
Indian 8 2 1 1 1 - 1 1.6 0
Indian 9 1 4 . . . 0
N.F. Indian 1 2 5 5 5 - 5 8.2 0
E.F. Indian 1 2 0 0 . 0 0

Mission 1 2 0 0 . 0 31
Mission 2 2 7 8 7 - 14 13.7 0
Mission 3 2 1 1 1 - 1 1.6 0
W.F. Mission 1 2 13 14 13 - 19 23.4 0

Hangman mainstem

Indian Creek

Mission Creek

Count of tolerant 
native minnows

RBT 
captured

RBT 
estimate

RBT 
95% CI

RBT density 
(fish/100 m)
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Table 2 
 – continued. 

 
 
 
4.1.2 Salmonid Age Analysis 
Age class structure of redband trout age 1 and older in the Hangman watershed indicates good 
recruitment to Age 2, but poor for age 3 and beyond.  Approximately 65% and 31.4% of the 
captured fish were respectively classified as age 1 and 2 fish, with age 3 fish constituting only 
3.3% of the sampled population.  Redband trout classified as age 4 were not captured during 
2009. 
 
Distinct differences exist in relative size and age classes between the tributaries and the main-
stem of Hangman Creek (Table 4).  The percentage of age1 fish was higher in Mission (76.2), 
Sheep (79.2), and SF Hangman (100) sub-watersheds than in the main-stem of Hangman (22.2).  
In comparison, a greater percentage of age 2 and 3 fish were found in the upper reaches of 
Hangman (77.8) than in Mission (23.8), Sheep Creek (20.9), and the South Fork of Hangman (0).  
Differences in the size distribution of redband trout among sub-watersheds exhibited similar 
patterns.  The percentage of fish larger than 150mm is lower in Mission (9.5), Sheep (8.3), and 
SF Hangman (0.0) sub-watersheds than in the main-stem of Hangman (28.9), and Indian Creek 
(19.7). 
 
  

Index site Passes

Nehchen 1 2 0 0 . 0 0
Nehchen 2 2 0 0 . 0 0
Nehchen 3 2 0 0 . 0 0
Nehchen 4 2 0 0 . 0 0

Conrad 1 2 0 0 . 0 0
Martin 1 2 42 44 42 - 48 71.7 0
S.F. Hangman 1 2 2 2 2 - 2 3.3 38
S.F. Hangman 2 2 0 0 . 0 0

Sheep 1 2 0 0 . 0 73
Sheep 2 2 18 20 18 - 24 32.1 0
Sheep 3 2 6 6 6 - 6 9.8 0

Nehchen Creek

Count of tolerant 
native minnows

RBT 
captured

RBT 
estimate

RBT 
95% CI

RBT density 
(fish/100 m)

South Fork Hangman Creek

Sheep Creek
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Table 3.  Summary of ages and lengths for RBT (age 1 and older) for all watersheds compared to 
Indian Creek in 2009. 

 

 
 
 
Table 4.  Counts and relative percents of redband trout of various ages and size classes captured 
in select subwatersheds in the upper Hangman Creek watershed, 2009. 

 
 
 
Mean relative weight scores were approximately 1.0 for Indian and the main-stem of Hangman, 
the two locations sub-watersheds in which enough fish were available for analysis (Table 5).  
These relative weight scores indicate that captured fish in these habitats during our survey years 
were comparable in weight to an average sized rainbow trout of a similar length in other 
representative populations.  Mean condition factors for redband trout smaller than 120 mm in 
length were not appreciably different (i.e., overlap of 95% confidence intervals) among the five 
analyzed sub-watersheds suggesting that fish in this size range were growing (i.e., acquiring 
somatic mass) similarly among the tributaries surveyed. 
 
 

Count Percent Count Percent

Ages

1 177 65.3 88 64.2
2 85 31.4 45 32.8
3 9 3.3 4 2.9
4 0 0 0 0

Length categories (mm)

   < 100 126 46.5 67 48.9
   100 - 150 101 37.3 43 31.4
   150 - 200 41 15.1 27 19.7
   > 200 3 1.1 0 0.0

Indian CreekAll subwatersheds

Count Percent Count Percent Count Percent Count Percent Count Percent

Ages

1 88 64.2 16 76.2 19 79.2 44 100.0 10 22.2
2 45 32.8 4 19.0 4 16.7 0 0 32 71.1
3 4 2.9 1 4.8 1 4.2 0 0 3 6.7
4 0 0 0 0 0 0 0 0 0 0

Length categories (mm)

   < 100 67 48.9 11 52.4 13 54.2 29 65.9 6 13.3
   100 - 150 43 31.4 8 38.1 9 37.5 15 34.1 26 57.8
   150 - 200 27 19.7 2 9.5 2 8.3 0 0 10 22.2
   > 200 0 0 0 0 0 0 0 0 3 6.7

HangmanIndian Mission Sheep S.F. Hangman
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Table 5.  Relative weights (fish >= 120 mm) and Ks (fish <120 mm) for RBT within the 
Hangman Creek watershed in 2009. 

 

 
 
 
4.1.3 Salmonid Migration 
A small number of fish were caught at 3 migration trap locations during 2008-9, but the limited 
data does point to fish >200mm are being caught in Nehchen Creek (78%), and the main-stem of 
Hangman Creek (83%) using the Resistence Board Weir (Table 6). The data also shows a larger 
number of fish were caught in 2009 at the two tributary locations. 
 
  

Sub-watershed N Mean

Indian 40 0.94 0.91 - 0.97
Hangman 35 0.97 0.94 - 1

Indian 93 1.030041 1.01 - 1.05
Hangman 10 1.052393 0.95 - 1.15
Mission 15 1.060347 1.01 - 1.11
Sheep 19 1.096879 1.04 - 1.15
S.F. Hangman 43 1.060309 1.01 - 1.11

95% CI

Relative weights

Condition factors
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Table 6. Summary data for redband trout captured in migrant traps in the Hangman mainstem, 
Indian Creek, and Nehchen Creek in 2008 and 2009. 

 
 
 
  

Redband trout metric

Number of captured fish
   All sizes 3 3
   Fish ≥ 200 mm (% of total) 3 (100) 2 (67)

Length statistics for captured fish ≥ 200 mm
   Mean (st. dev.) 300.3 (27.5) 312.5 (24.7)
   Range (min - max) 273 - 328 295 - 330

Number of captured fish
   All sizes 0 24
   Fish ≥ 200 mm (% of total) 0 3 (13)

Length statistics for captured fish ≥ 200 mm
   Mean (st. dev.) . 217 (7.5)
   Range (min - max) . 210 - 225

Number of captured fish
   All sizes 5 28
   Fish ≥ 200 mm (% of total) 3 (60) 23 (82)

Length statistics for captured fish ≥ 200 mm
   Mean (st. dev.) 254.3 (14.4) 237 (24.6)
   Range (min - max) 238 - 265 200 - 291

Trapping year
2008 2009

Hangman mainstem

Indian Creek

Nehchen Creek
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4.2 Chemical Assessment 
4.2.1 Water Quality 
Measured levels of discharge during baseline flow conditions were dramatically different among 
tributaries sampled in the upper Hangman Creek watershed over the reporting period (Table 7).  
In the lowermost reaches in Indian Creek, measured discharge exceeded 0.30 cfs (range 0.34 – 
0.75cfs) in each of the two monitoring years; values were relatively lower in assessed reaches in 
the three upper forks of Indian Creek, but never were there only standing pools or a lack of 
water.  The North Fork of Indian had the highest discharge of the three at 0.23 and 0.26 over the 
monitored timeframe.  The uppermost forested site in Hangman Creek (i.e., Hangman-Forest) 
also exhibited base-flow discharge values that exceeded 0.15 cfs in both years.  Mission Creek 
had a comparatively lower discharge showing at or lower than 0.02 cfs at 4 of the five sample 
sites (Table 7Table 7). Sheep Creek Nehchen Creek was completely dry both years at the lower 
site, and showed a decrease in flow from 2008-9.  Field notes indicate additional timber harvests 
in the watershed at three locations during 2008.  Sheep Creek had an increase in flow from 2008-
9 at both locations, but still less than Indian Creek (Table 7).  All of the sample sites upstream of 
the Coeur d’Alene Reservation show some discharge, with the lower sample site on the South 
Fork Hangman at 0.23cfs. One site of note was the upper SF Hangman site that had flow at 0.11 
cfs where previously since 2002 this site was always dry in August. 
 
Tributary differences in dissolved oxygen measured during baseline conditions in 2009 in the 
upper Hangman watershed displayed similar patterns as that described for discharge (Table 7).  
In all monitored reaches in Indian Creek and in the uppermost forested site in Hangman Creek, 
dissolved oxygen never was found to fall below 6.9 mg/L.  Dissolved oxygen measured in the 
only wetted reach in Nehchen Creek also exceeded this value in 2009.  Conversely, dissolved 
oxygen was found to drop below 6.0 mg/L in at least one of the monitored reaches in Mission, 
Sheep, and South Fork Hangman sub-watersheds, and in the lowest main-stem site in Hangman 
Creek.  As expected, low dissolved oxygen was often associated with low levels of measured 
discharge in these reaches. The oxygen meter was not working properly to report values in 2008. 
 
Other water quality data, such as pH, conductivity, and turbidity were collected during 2008-9, 
during June and August, and selected high flow events from January 2008 – May 2009. 
(Appendix B).  From 2008 to 2009, pH values typically ranged from 6 to 7.5, which suggest that 
pH is not a limiting factor in the upper Hangman Creek watershed Appendix B. 
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Table 7. Summary of dissolved oxygen and discharge in Hangman Creek during 2008-9. 

 
 
 
  

Site DS (cfs) D.O. (mg/L) DS (cfs) D.O. (mg/L)
 

Hangman-Stateline 0.90 *  0.20 3.22
Hangman-Buckless 0.87 *  0.25 6.59
Hangman-SF Road 0.24 *  0.31 8.32
Hangman-Forest 0.15 *  0.20 9.56

Lower Tensed DRY   DRY  
 

Mission-Desmet 0.01 *  0.01 0.71
Mission-KVR 0.02 *  0.02 5.35
MF Mission 0.05 *  0.03 9.20
EF Mission 0.01 *  0.01 7.68
WF Mission 0.01 *  0.00 6.03

 
Sheep-HWY 95 0.02 *  0.04 4.92
Upper Sheep 0.06 *  0.14 8.92

 
Lower Nehchen 0.0 *  0.0 0.0
Upper Nehchen 0.12 *  0.02 8.89

Smith 0.07 *  0.00 0.00

Indian-Sanders 0.46 *  0.34 8.66
Indian-Pow Wow 0.70 *  0.75 9.53
MF Indian 0.05 *  0.08 7.31
NF Indian 0.23 *  0.26 10.97
EF Indian 0.04 *  0.04 6.96

Lower SF Hangman 0.26 *  0.19 5.81
Upper SF Hangman 0.11 *  0.01 7.67
Martin 0.17 *  0.10 7.09

Bunnel 0.05 *  0.07 9.39
Parrot 0.02 *  0.02 2.10

2008 2009

Hangman

Mission

Sheep

Nehchen

Smith

Indian

SF Hangman

Upper Hangman Tributaries

Tensed
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Higher levels of total suspended sediment (TSS), concomitant with a high flow event, were 
recorded in the main-stem of Hangman Creek and in Mission and Sheep creeks compared to 
Indian and Nehchen creeks.  TSS levels were monitored over a 2-day span on January 7-8th, 
2009 as tributaries and main-stem reaches responded to the rain event occurring on the 7th.  TSS 
concentrations at Hangman RM 0.0 were 330 mg/L (Figure 11), and 245mg/L (Figure 12) 
respectively over the 2 days, Mission Creek had concentrations of 15,800 mg/L (Figure 11), and 
638 mg/L (Figure 12), and Sheep Creek exhibited values 269 mg/L and 393 mg/L over the two 
day span.  Field notes indicate that a backhoe was used to dig out the channel in Mission Creek 
in the lower 2 miles during the fall of 2008.  A conversation with the farmer indicates this was to 
remove all vegetation.  This is likely the reason for the extremely high TSS concentrations the 
following winter.  Nehchen Creek’s TSS values were 209mg/L and 93mg/L, and Indian Creek 
was 100mg/L and 137 mg/L over the two day event (Figure 11& Figure 12).  Turbidity closely 
mirrored the results of TSS as far as the relative severity of results between sample sites (Figure 
11& Figure 12). 
 

 
Figure 11. Comparison of discharge, TSS, and turbidity in the Hangman watershed during a rain-
on-snow event on January 7th, 2009. 
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Figure 12.  Comparison of discharge, TSS, and turbidity in the Hangman watershed during a 
rain-on-snow event on January 8th, 2009. 

 
 
4.2.2 Continuous Temperature Monitoring 
Temperature profiles in the Hangman watershed exhibited a distinct difference between 
sampling locations in agriculturally dominant reaches and in forested upper reaches of fish-
bearing tributaries (Table 8 - Table 9), as well as a noticable difference between 2008 and 2009.  
Generally temperatures exceeded both spawning/incubation and rearing thresholds a much 
greater percentage of the time as recorded in hours within lower non-forested sites than in 
upriver forested sites within the mainstem of Hangman at RM 12.2 and below and in Mission 
and Sheep Creeks.  Moreover, in monitored years of 2008-2009, upper forested sites in each of 
these five sub-watersheds only had one minimal example of exceedance over the the established 
threshold values.  When considering all sites in aggregate within a monitored subwatershed, 
Indian and Nehchen creeks displayed cooler temperature profiles than Mission and Sheep creeks 
in the upper Hangman Creek watershed.  Temperature exceedance levels were higher in 2009 
compared to 2008, especially for the spawning/incubation timeframe for most sample sites. 

 
Temperatures monitored in the mainstem of Hangman show that the reach at RM 14.8 as key to 
where temperatures begin to rise significantly.  Temperatures exceeded threshold values 
collectively over both spawning/incubation and rearing timeframes over 16% of the hours 
recorded in 2008 in reaches downstream (Table 8) in reaches downstream, and over 28% in 2009 
(Table 9).  Temperatures were particularly high during the spawning and incubation timeframe 
of 2009 where threshold limits were exceeded 51% overall of the hours for spawning and rearing 
at all sites below RM 14.8. From RM 14.8 to the headwaters the temperature thresholds were 
exceeded < 5% overall in 2008, and < 14% in 2009. 
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Differences between subwatersheds indicate Indian Creek and Nehchen are the least thermally 
impaired of the four fish bearing tributaries within tribal boundaries, with Sheep and especially 
Mission being the more thermally impaired. Overall temperatures in 2008 exceeded thresholds at 
Mission Creek RM 0.4 (37.49%), Sheep RM 0.0 (9.52%), and Indian Creek RM 0.3 (1.19%). 
Temperatures were higher in 2009 with overall temperature exceedance at Mission (52.8%), 
Sheep (24.2%), Nehchen RM 0.1 (14.4%), and Indian RM 0.3 (4.5%).  
 
Temperatures rising and falling along a longitudinal profile indicate evidence of canopy, and or, 
ground water inputs in the mainstem and tributaries. In the mainstem of Hangman temperatures 
increased abruptly from RM 18.7 to RM16.9, then declined through sites at RM 16.5 and 
RM15.7 where good canopy exists, increased at RM15.2 where canopy opens up, decreases with 
the addition of Indian Creek at RM 14.8, and finally a sharp increase below Indian Creek to 
sample site RM12.2 where canopy is near zero the entire distance.  Similar results in Mission 
Creek during 2009 show an abrupt increase in temperatures as the threshold exceedance 
percentages for spawning and rearing went from 0.0% at RM 4.8 to 52.8% at RM 0.4 (Table 9).  
The year of 2008 show similar, though slightly less pronounced differences (Table 8).  We also 
graphed the 7-day moving average maximum temperature as we have in previous years and these 
figures are available in Appendix C.  
  



 

Coeur d’Alene Tribe Fisheries Program – Annual Report, Hangman Creek Fisheries Restoration, 2008-2009.                                                                                                                                                                 44 

Table 8.  Summary of continuous temperature data in Hangman Creek during 2008. 
Temperatures thresholds were set at 14 degrees C from May 1st till June 30th for spawning and 
incubation timeframes, and 20 degrees C for rearing from July 1st – August 31st. 

 
 

  

Spawning Limit Rearing Limit
% Exceeds 14 Deg % Exceeds 20 Deg Overall

Site Forested May 1 - June 30 July 1 - August 31 May 1 - August 31
Hangman-Stateline RM 0.0 N 35.04 30.71 32.86
Hangman-Liberty RM 3.1 N 30.87 23.52 27.17
Hangman-Farm  RM 5.8 N 30.05 30.44 30.25
Hangman-HWY 95 RM 8.1 N 23.57 29.50 26.56
Hangman-Buckless RM 10.5 N 76.11 34.01 26.41
Hangman-Nehchen Hump RM 11.6 N 17.62 18.21 17.92
Hangman-Beasley RM 12.2 N 16.33 22.78 19.58
Hangman-Larson RM14.8 N 5.33 0.60 2.95
Hangman-Crawford RM 15.2 N 7.28 0.00 3.62
Hangman-Bennett RM 16.5 N 6.35 3.49 4.91
Hangman-SF RD- 16.9   * Y 4.23 3.76 4.00
Hangman-Forest RM 18.7 Y 0.20 0.00 0.10
Bunnel RM 0.2 Y 0.00 0.00 0.00
Mission-DeSmet RM 0.4 N 38.16 36.83 37.49
Mission-KVR RM 2.3 N 18.29 0.87 9.52
Mission-M.F. RM 4.8 Y 0.00 0.00 0.00
Sheep-Confluence 0.0 N 18.91 0.00 9.41
Sheep-HWY 95 RM 0.6 N 13.04 1.21 7.08
Sheep-Upper RM 2.8 Y out of water out of water NA
Nehchen-Lower RM 0.1 N 1.71 DRY NA
Nehchen-Upper RM 2.9 Y 0.00 0.00 0.00
Indian-Sanders RM 0.3 N 2.39 0.00 1.19
Indian-Pow-Wow RM 1.4 N 0.27 0.00 0.14
Indian-Upper RM 2.9 Y 0.00 0.00 0.00
Indian-EF. RM 0.3 Y 0.00 0.00 0.00
Indian-NF RM 0.1 Y 0.00 0.00 0.00
SF Hangman-Lower RM 0.7 N 3.83 0.00 1.90
S.F. Hangman-Upper RM 1.7 Y 0.00 0.00 0.00
Martin RM 0.2 Y 0.96 0.00 0.47
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Table 9.  Summary of continuous temperature data in Hangman Creek during 2009. 

 
*Same Habitat unit 

 
 
4.2.3 Thermal Refugia in Pools 
Thermal refugia surveys conducted in 2008-9 show the value of pools with a relationship of 
decreasing temperature with pool depth.  Thirty-five pools were measured in 2008 during the 
afternoon in September, and 34 pools in July of 2009.  Data collected during the initial run of the 
survey in 2008 show more pronounced scatter than in 2009.  Results indicate pools greater than 3 
feet in depth are more likely to have a slight difference in temperature in the deepest part of the 
pool (Figure 13-Figure 14).   
 
  

Spawning Limit Rearing Limit
% Exceeds 14 Deg % Exceeds 20 Deg Overall

Site Forested May 1 - June 30 July 1 - August 31 May 1 - August 31
Hangman-Stateline RM 0.0 N 63.80 45.97 54.81
Hangman-Liberty RM 3.1 N 62.70 34.01 48.24
Hangman-Farm  RM 5.8 N 62.84 38.44 50.54
Hangman-HWY 95 RM 8.1 N No Data No Data NA
Hangman-Buckless RM 10.5 N 54.10 40.46 47.22
Hangman-Nehchen Hump RM 11.6 N 52.94 28.29 40.51
Hangman-Beasley RM 12.2 N 51.78 41.47 46.58
Hangman-Larsen RM 14.8 (pool)* N 21.5 3.1 12.23
Hangman-Larson RM 14.8 Riffle  * N No Data 4.70 NA
Hangman-Crawford RM 15.2 N 27.2 0.0 13.5
Hangman-Cordell RM 15.7 * N 0.0 0.0 0.0
Hangman-Bennett RM 16.5 N 0.0 No Data NA
Hangman-SF RD- 16.9 Y 9.2 1.5 5.3
Hangman-Forest RM 18.7 Y 0.0 No Data NA
Bunnel RM 0.2 Y 0.0 0.0 0.0
Mission-DeSmet RM 0.4 N 64.1 41.7 52.8
Mission-KVR RM 2.3 N 36.0 0.0 17.9
Mission-Allotment 632 Y 0.0 0.0 0.0
Mission-M.F. RM 4.8 Y 0.0 0.0 0.0
Mission-W.F. N 0.0 7.2 5.9
Sheep-Confluence 0.0 N 0.0 No Data NA
Sheep-HWY 95 RM 0.6 N 44.6 4.0 24.2
Sheep-Upper RM 2.8 Y 0.0 0.0 0.0
Nehchen-Lower RM 0.1 N 6.8 21.9 14.4
Nehchen-Upper RM 2.9 Y Stolen Stolen NA
Indian-Sanders RM 0.3 N 6.4 2.8 4.5
Indian-Pow-Wow RM 1.4 Y 0.0 0.0 0.0
Indian-Upper RM 2.9 Y 0.0 0.0 0.0
Indian-EF. RM 0.3 Y 0.0 No Data NA
Indian-NF RM 0.1 Y 0.0 0.0 0.0
SF Hangman-Lower RM 0.7 N 10.9 0.0 5.4
S.F. Hangman-Upper RM 1.7 Y 0.0 0.0 0.0
Martin RM 0.2 Y 0.0 0.0 0.0
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Figure 13.  Summary of Pool temperature versus tailout temp using a thermister attached to 
stadia rod in September 2008 on Hangman RM 11.6 to RM 12.5 

 
 

 
Figure 14.  Summary of Pool temperature versus tailout temp using a thermister attached to 
stadia rod in July 2009 on Hangman RM 11.0 to RM 14.8. 

 
 
4.3 Physical Habitat Asssessment 
4.3.1 Rosgen Channel Typing 
Six sites were surveyed during 2008-9 using Rosgen channel typing methods to measure habitat 
attributes that have been linked to the quality of trout habitat, as well collecting baseline data 
prior to possible restoration.  Watershed characteristics, channel dimensions, Rosgen 
classification, substrate D50, percent canopy, large woody debris counts, and residual pool 
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depths and number of pools were summarized (Table 10).  These surveys were successful in 
showing distinct differences between forested and non-forested locations.  
 
Five of the six sites surveyed lie within forest riparian and show slight to moderate impacts.  
Canopy was greater than 92% and forest dominated the effective watersheds (>79%) at all five 
sites.  Median substrate sizes were all in the range of gravel with Martin having the smallest 
(D50=2.2mm), and NF Indian the largest (D50=16.1).  Residual pool depth was very shallow at 
Mission, NF Indian, and Upper SF Hangman (0.73-0.82ft.), and slightly deeper (1.12-1.2ft) at 
Martin and Hangman-R18. Large woody debris volume was less than <6m³ at Mission, Martin, 
and Hangman-R18, and >13m³ at NF Indian and SF Hangman.  Rosgen classifications were all 
types representing less degraded habitat such as E4 and C4b. 
 
Moctilimne Creek was the only survey site that was impacted by agricultural land uses and was 
classified as a G5 channel due to its degraded channel and sandy substrate.  The impacts on the 
riparian area are shown by no canopy or instream large wood.  The percent forest in the 
watershed is only 21.9%.  Sinuosity was very low (1.09) for a channel with a gradient of 0.4% 
and residual pool depths averaged 1.32 ft. 
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Table 10. Summary of Rosgen Channel Typing Surveys completed in the Hangman watershed during 2008 -2009. 

Site Identification Mission_7 NF Indian SF Hangman_Upper Moctilimne Martin_2 Hangman_18
Initial Level 1 Survey Stream Type A A C C C4 C4
Basin Area mi2 0.8 0.97 2.09 24.91 0.6 1.931
Percent Forest (Stream Stats) 79.8 95.3 98 21.9 97.7 97.1
Level 2 Survey Year 2008 2008 2008 2008 2009 2009
Valley Type 8 2 2 8 2 2
Valley Slope 0.062 0.065 0.020 0.005 0.020 0.035
Bankfull Width (ft) 9.32 13.57 17.01 20.94 8.2 13.32
Bankfull Mean Depth (ft) 0.34 0.67 1.16 1.68 1.04 0.87
Flood-Prone Width 21.92 33.61 27.54 28.98 35 59.5

Morphology Water Surface Slope 0.048 0.054 0.018 0.004 0.012 0.030
Sinuosity 1.28 1.2 1.14 1.09 1.6 1.16
BKF Q (cfs) 9.380 29.00 61.75 226.9 57.85 74.07
Velocity (fps) 2.94 3.66 5.18 6.43 6.92 6.38
Cross Sectional Area 3.19 9.03 11.92 35.28 8.36 11.61
Entrenchment Ratio 2.35 2.48 1.61 1.38 4.27 4.47
Width to Depth Ratio 27.41 20.25 14.72 12.46 5.5 15.31
Rosgen Stream Classification C4b B4a B4c G5 E4 C4b

Substrate Channel Materials D50 5.1 16.1 15.5 0.82 2.2 9.3
Cover Canopy Density (%) 98 98 97.25 0.00 91.5 92.75

Total Count 16 37 30 0 37 15
Total Pieces >1.0m³ (*) 0 4 4 0 1 1

LWD Total Pieces >2.0m³ (*) 0 1 2 0 1 0
Total Pieces >4.0m³ (*) 0 0 1 0 0 0
Volume (m³) 3.552 13.452 16.635 0.000 5.971 3.390
Density m³/100m 2.331 8.827 10.915 0.000 3.918 2.225
Mean Residual Depth (ft) Pools 0.73 0.82 0.77 1.32 1.2 1.12

Residual Pools Min (ft) 0.51 0.69 0.56 1.15 0.71 0.57
Max (ft) 0.99 0.94 0.95 1.6 1.69 1.65
Number of Pools (#/100m) 5.48 2.19 2.64 3.29 5.92 5.26
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4.3.2 Fish Passage Analysis 
During the course of the project several possible fish barriers have been identified (Figure 15). 
Of these, three have fish populations immediately below the possible barriers, and no fish above 
the barriers. All three culverts were found to be both juvenile and adult fish barriers (Table 11).  
The culvert on EF Indian was a barrier due to excessive gradient (10%).  The culverts on Bunnel 
and MF Indian were passage barriers because of the outlet pool depth, outlet drop, and the ratio 
of the culvert width to bankfull width.  These current culvert conditions cause excessive leap 
height and velocities which are barriers to upstream movement during migration flows. The 
undersized culvert at Bunnel Creek was the subject of a 319 Grant that was awarded in 2010.  A 
six ft squash pipe was installed at the same gradient as the stream by Benewah County with 
Idaho Dept of Lands and Coeur d’Alene Tribal personnel present.  A fish ladder will be 
constructed in the summer of 2011.  Culverts at Moctilimne, Mission, and Tenas creeks were not 
included in analysis due to the absence of fish in reaches below these culverts. 
 
 
Table 11.  Fish Passage Analysis for three stream crossings using USFS Northern Region 
Juvenile and Adult fish Passage Screens 

 
 
 
 
  

Bunnel EF Indian MF Indian
Juvenile Barrier Analysis:

Structure Slope (%) 6.10 10 3.65
Outlet Drop (ft) 1.50 0.28 1.10

Culvert width/bankfull width ratio 0.31 0.64 0.34
Juvenile Barrier Status Barrier Barrier Barrier

Reason for Status:

Outlet drop; culvert 
width to bankfull 

width ratio culvert slope 

Outlet drop; culvert 
width to bankfull 

width ratio
Adult Barrier Analysis:

Structure Slope (ft/ft) 0.06 0.10 0.04
Length (ft) 70.5 60 60

Slope*Length 4.30 6.00 2.19
Jump Height (ft) 1.50 0.28 1.10

Jump Height/Outlet Pool Depth Ratio: 1.15 0.56 2.20
Adult Barrier Status Barrier Barrier Barrier

Reason for Status:

Jump height to 
outlet pool depth 
ratio; jump height culvert slope

 jump height to 
outlet pool depth 
ratio; jump height
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Figure 15.  Locations of possible fish barriers in the Hangman Creek watershed. 
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5.0 RESTORATION EFFORTS 
5.1. Site Descriptions  

Hangman Reach 11 (HA11) 
Common name is Hangman-Sweatlodge 
T44, R 4W, Sect 28 NW ¼ - NE ¼ 
Current condition: Reed Canary grass dominates the riparian, with mixed forest and meadow 

outside riparian. This is a continuation from riparian plantings 2005-7. 
Objective: Stabilize banks with native riparian plants capable of supporting beaver activity and 

shading the channel. 
 
Hangman Reach 8 (HA8) 
Common Name: hnt’k’wipn property 
T43N, R4W, Sect 21 SE ¼ 
Current condition: Reed Canary grass dominates the riparian, with mixed forest and meadow 

outside riparian. 
Objective: Stabilize banks with native riparian plants capable of supporting beaver activity and 

shading the channel. 
 
Nehchen Reach 2 (NE2) 
Common name:Nehchen-Beasely CRP 
T44, R 4W, Sect 21 NE ¼ 
Current condition: One fourth of the property was planted with conifers as part of a CRP 

program, leaving the rest with open meadow mixed with noxious weeds. The riparian is a 
mix of open areas with sloughing banks, and alder/cottonwood overstory 

Objective: Stabilize banks with native riparian plants capable of providing additional canopy. 
 
Nehchen Reach 4 (NE4) 
Common name:Upper Nehchen 
T44, R 4W, Sect 25  
Current condition: Removal of one culvert and installation of a larger culvert has left a lot of 

bare ground with a lack of conifers due to timber harvest. 
Objective: Stabilize banks with native riparian plants capable of supporting beaver activity and 

shading the channel. 
 
Indian Reach 2 (IN2) 
Common name: Indian Pow Pow 
T44N, R4W, Sec 36  
Current condition: Red alder and fern dominate the riparian, and grand fir dominates the upland. 

Cedar was the dominate tree prior to timber operations. Mature alder are contributing to 
unstable side channels, but no pools are formed from the unstable woody debris jams created 
from dying alder 

Objective: Reestablish Red Cedar as the dominate tree to improve bank stabilization, and 
reintroduce native forbs.  
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5.1.1 Riparian Enhancement 
Riparian enhancement took place at 5 total locations (Figure 16) from 2008-9 that included 
planting conifer plugs, containerized hardwoods, willows, and forbs.  A total of 1,250 ponderosa 
pine plugs were planted on Hangman Creek-R11, with survival rates of 68.0% and 70.0% in 
2008 and 2009, respectively.  A total of 400 Drummond and MacKenzie willow shoots were 
planted at the same location with 70% survival during the first year. The Hangman Creek-HA11 
and HA8 sites were the main focus for planting 1, 2, and 5 gallon containerized aspen, 
cottonwood, and alder trees (Table 12).  Protective cones were placed on all trees and 120 trees 
were enclosed in hog wire panel during 2009.  Survival associated with one gallon containers 
was 5% and use of these materials types were subsequently discontinued in 2009. Two gallon 
aspen and cottonwood did slightly better with survival rates of 10-45%, and 5 gallon containers 
were successful in both years with survival rates ranging from 60-72%. 
 
Nehchen Creek-R2 was planted with a small number of containerized deciduous trees in open 
areas. Survival rates were very poor (10-20%) due to damage from elk (Table 12). Nehchen-R4 
was planted with 20 aspen containers to cover bare ground following culvert replacement, and 
70% survived after one year.  Indian Creek was planted with a small number of 5 gallon aspen 
and cottonwood in open areas, along with 120 various forbs and 25 containerized vine maples.  
All had excellent survival rates from 65-100% (Table 12). 
 
Survival of previously planted riparian vegetation from 2005-7 was assessed after 3 and 5 years. 
Survival rates were very high for cedar plugs and dogwood in Indian Creek (Table 13). 
Ponderosa is having good success on Hangman Creek with 49% survival but white pine, 
lodgepole, and douglas fir have not fared as well (Table 13). 
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Figure 16. Riparian enhancement locations in the Hangman watershed during 2008-9. 
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Table 12. Summary of vegetation planted, and initial survival rates, in Hangman Creek during 
2008 -2009. 

 
 

 

 
 
 
 
 
 
 
 
 
  

2008 Location Code # Planted % Survival 1st Year
Ponderosa Pine HA11 900 68.0
Alder (1 gallon) NE2 50 10.0
Alder (1 gallon) HA11 50 5.0
Alder (1 gallon) NE4 20 70.0
Aspen (2 Gallon) HA11 200 10.0
Aspen (5 gallon) NE2 25 15.0
Aspen (5 gallon) HA11 125 65.0
Cottonwood ( 2 gallon) HA12 150 40.0
Cottonwood (5 gallon) NE2 25 20.0
Cottonwood (5 gallon) HA11 125 72.0
Willow shoots (Dummond) HA11 200 70.0
Willow shoots (MacKenzie) HA11 200 70.0

2009 Location Code # Planted % Survival 1st Year
Ponderosa Pine HA11 250 70.0
Aspen (5 gallon) IN2 5 95.0
Aspen (5 gallon) HA8 70 60.0
Aspen (5 gallon) HA11 100 65.0
Cottonwood (2 gallon) HA8 25 45.0
Cottonwood (2 gallon) HA11 75 40.0
Cottonwood (5 gallon) IN2 5 100.0
Cottonwood (5 gallon) HA8 70 68.0
Cottonwood (5 gallon) HA11 100 72.0
Wild Ginger IN2 20 70.0
Fern IN2 80 65.0
Cup Size dogwood IN2 30 95.0
Vine Maple (I gallon) IN2 25 95.0
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Table 13. Additional tree survival studies completed in April 2010 to vegetation planted in 2005 
– 2007. 

 
 
*Areas grayed out are contained in a previous report 
 

Picture 5.  Use of taller cones to protect plantings from beavers have proven more successful 
(left panel). Hog wire panels are being used to protect plantings from high flows (right panel). 

 

2005 Location Code # Planted % Survival 1st Year % Survival 3rd Year % Survival 5th Year
Cedar IN2 300 67.0 58.0 56.0
Douglas Fir HA11 1000 89.1 40.2 25.0
Alder (1 gallon) HA11 250 41.0 0.0 0.0
Aspen (2 Gallon) HA11 150 30.0 10.0 1.0
Cottonwood (5 gallon) HA11 50 55.0 40.0 20.0
Cup Size dogwood IN2 50 60.0 55.0 50.0
Lodge Pole Pine HA11 850 2.4 0.0 0.0

2006 Location Code # Planted % Survival 1st Year % Survival 3rd Year
Cedar IN2 300 75.0 65.0
Lodepole Pine HA11 1500 2.4 0.0
Ponderosa HA11 1500 65.0 49.0
Alder (1 gallon) HA11 140 40.0 0.0
Aspen (1 gallon) HA11 140 50.0 0.0
Aspen (2 Gallon) HA11 140 30.0 10.0
Cottonwood ( 2 gallon) HA11 140 20.0 10.0
Cottonwood (5 gallon) HA11 80 55.0 20.0

2007 Location Code # Planted % Survival 1st Year % Survival 3rd Year
Ponderosa Pine HA11 2000 51.0  
Ponderosa Pine NE2 2000 80.0 no access
Douglas Fir NE2 250 75.0 no access
Douglas Fir HA11 750 28.0 22.0
White Pine NE2 750 50.0 no access
White Pine HA11 250 39.0 29.0
Lodgepole Pine HA11 500 43.0 5.0
Aspen (1 gallon) HA11 100 10.0 0.0
Aspen (2 Gallon) HA11 100 15.0 2.0
Willow (5 gallon) HA11 100 5.0 1.0
Willow shoots (Dummond) HA11 250 0.0 0.0
MacKenzie Willow (1 gal) HA11 16 0.0 0.0
Cottonwood (5 gal) NE2 20 0.0 no acess
Cottonwood (1 gallon) HA11 100 0.0 0.0
Bebbs Willow (1 gallon) HA11 184 0.0 0.0
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5.1.2 LWD Placement Fish 
A variety of ten large woody debris structures were placed in the channel within Indian Creek 
Reach 2 in order to increase pool depth, sorts out spawning gravels, stabilize banks, raise the 
channel is areas of degradation, and provide cover for fish. The three wood cross-veins (Picture 
6) scoured out pools > 2ft residual depth after one spring. The split log structures stabilized a 
bank and provided fry with overhanging cover (Picture 6).  The two low level check dams did 
scour a small plunge pool, but did not sort out spawning gravels as hoped. The vertical log piles 
stabilized a raw bank and provided cover for numerous fish. Two side channels were plugged for 
all but the highest flows forcing all the discharge at base flow into the main channel. A large 
check dam was constructed to agrade the channel above it. It has needed additional armouring 
but deposition is occurring behind it. A full survey will be done in 2011 to assess the changes in 
substrate composition, pool depth, and fish density within the surveyed reach. 
 

Picture 6. Cross vein at Indian Creek (left panel). Split log structure for cover and bank stabilization (right panel)  
 

Picture 7. Low level check dam (left panel). Vertical log piles for stabilizing banks (right panel). 

 
 
6.0 DISCUSSION 
 
Redband trout distribution and abundance 
Though redband trout were present in annual sampling events in the upper Hangman Creek 
watershed during 2008-9, they were limited in their distribution to a few distinct tributary 
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reaches.  Redband trout were found in upstream forested reaches of Mission, Sheep, Indian, 
Hangman, and South Fork Hangman creeks, whereas downstream reaches in most of these 
tributaries, including the main-stem of Hangman creek, that were impacted by agriculture were 
practically devoid of trout.  Moreover, redband trout were found to be most widely distributed, 
albeit at low numbers in many of the sampled reaches in Indian Creek, a primarily forested sub-
watershed.  Results from this two-year survey were consistent with previous data collection from 
2002-2006 (Peters et al. 2003; Kinkead and Firehammer 2011), which lends credence to the 
verity of actual redband trout distribution in the upper Hangman watershed.  Fish distribution is 
further limited by the presence of barriers in Indian and Bunnel creeks.  One significant change 
in distribution of salmonids in the Hangman watershed from previous surveys was the absence of 
any sampled cutthroat trout in upper Nehchen Creek where they had a constant presence in a 
small reach in the upper forested portion of the watershed. 
 
Given that one of the primary objectives of the project is to increase the distribution of redband 
trout, it is imperative that conditions conducive to establishment are restored in those reaches 
that currently are seemingly restricting the spatial extent of existing remnant subpopulations.  
Apparently, the overall geomorphological template in the upper watershed could provide the 
habitat that would support a spatially-continuous redband population.  Muhlfeld et al. (2001a) 
found Redband trout in the Kootenai River drainage in Montana were most abundant during 
summer surveys in low-gradient mid elevation reaches that were located in alluvial valleys with 
prominent floodplain habitats, conditions that prevail in much of the upper Hangman Creek 
watershed. Further, overwintering habitat for redband trout in the Kootenai basin was associated 
with deep, slow moving pool habitats (Muhlfeld et al. 2001b). 
 
The reaches in Hangman Creek that contain deep pool habitat preferred by redband trout are 
unfortunately the same reaches most impaired with high temperatures, low dissolved oxygen, 
lack of large woody debris, and poor conditions in the riparian zone that otherwise would 
provide canopy and erosion control (Kinkead and Firehammer 2011).  Good water quality and 
instream large wood in varying densities are present in forested reaches, but pool habitat is 
lacking in most of these reaches (Kinkead and Firehammer 2011).  Baseline flows is generally 
inadequate throughout the watershed and has become an emphasis for long term restoration 
strategies (Green et al. 2008). 
 
Improving the suitability of rearing habitats to expand the spatial distribution of redband trout 
would also likely increase connectivity and promote the exchange of reproductive individuals 
among tributary sub-populations.  Results from the genetic analysis (Kinkead and Firehammer 
2011) indicated that sampled subpopulations in tributary reaches in the upper Hangman Creek 
watershed exhibited evidence of reproductive isolation from each other, and even more isolation 
from tributaries in lower Hangman Creek within the state of Washington.  The degraded habitat 
in downstream tributary reaches may be inhibiting the movement of adults among sub-drainages 
which could give rise to the observed results.  Alternatively, differences in the genetic signature 
among subpopulations may have been due to genetic drift associated with small effective 
population sizes.  Whatever the reason, increasing the connectivity of tributary subpopulations 
would promote a more robust and resilient population structure and would minimize the adverse 
consequences (e.g., demographic stochasticity, inbreeding depression) that arise from isolated, 
small populations (Gilpin and Soule 1986).  With low discharge throughout the watershed, local 
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disturbances from road building and timber harvest may decrease or even extirpate salmonids 
from one location.  It is imperative to protect enough fish habitat in current fish-bearing reaches, 
and to restore connecting reaches in order for fish to reestablish themselves after recovery 
periods from these local disturbances.  An example of a localized extirpation exists in Nehchen 
Creek where the only decrease in fish densities occurred.  Indian Creek is the primary location 
where both conservation and enhancement is crucial for the survival of redbands in the Hangman 
watershed because it is the only perennial stream on the Coeur d’Alene Reservation in the 
Hangman watershed. 
 
Estimated densities of age 1+ and older fish in 2009 show values higher than recorded densities 
during previous surveys in several locations.  In the past surveys (Kinkead and Firehammer 
2011) densities were typically less than 12 fish/100 m in many reaches of Mission, Sheep, and 
Indian Creeks.  The highest density of redband in Indian Creek over the span of the project was 
in 2006 when an estimate for one reach was 27.3fish/100m with all others less than 8 fish/100m. 
In 2009 six of the sample sites the density ranged from 23.1 – 72.4 fish/100m.  The two highest 
values were recorded in reaches that received large woody debris additions.  Sheep Creek, site 2 
had an estimated density of 32.1 fish/100m, and the highest value recorded in previous years was 
11.8 fish/100m in 2006.  Martin Creek had 71.7 fish/100m as compared to 35.4 fish/100m in 
2006.  The main-stem of Hangman and Mission Creek showed similar results as in previous 
years with generally low densities except for one reach on the WF Mission and the forested 
section of Hangman Creek east of the Coeur d’Alene Reservation.  The recorded densities in 
these forested reaches of Hangman Creek compare very favorably to densities recorded in other 
regions that support redband trout (Zoellick et al., 2005; Dambacher and Jones 2007).  The one 
exception to a general increase in fish densities was Nehchen Creek where no salmonids were 
sampled in 2009. 
 
The lack of older age classes in the summer electroshock sampling further highlights the need for 
migration trapping in the watershed despite the low numbers samples.  The majority of the fish 
captured were over the size limit of 200mm, as in previous years (Kinkead and Firehammer 
2011).  The lack of large fish in the summer surveys but their presence in migrant traps could be 
attributed to seasonal differences in habitat use in the upper Hangman watershed.  Large adults 
may be overwintering in deep main-stem habitat and then intercepted in traps during spring 
spawning migrations as they ascend tributaries.  Further, post-spawn fish may then move back 
down into main-stem habitat as conditions in tributaries become sub-optimal during summer 
rearing periods.  We intend to continue our trapping efforts to provide additional information 
regarding seasonal habitat use.  Additionally, it is hoped that the use of VIE tagging initiated in 
2009 will provide more information regarding exchange among sub-watersheds. 
 
Limiting Factors – Physical and chemical attributes of surveyed reaches 
We increased our knowledge of the spatial patterns of habitat quality by completing additional 
habitat surveys in 2008-9 to compile a set of habitat surveys in all of the major sub-watersheds of 
Hangman Creek, as well as investigating thermal heterogeneity in pool riffle sequences.  As 
Kinkead and Firehammer (2011) concluded, we found much of the disparity in the distribution 
and density of redband trout among tributaries and among reaches within tributaries could be 
explained by the dramatic differences in the physical and chemical attributes that constituted 
habitat suitability in the upper Hangman watershed.  Forested reaches in Indian Creek and in 
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upper Hangman, upstream of the Coeur d’Alene Reservation, where redband trout were 
commonly found, typically had a lower percentage of fines in surveyed riffle substrates, greater 
canopy cover, and more instream large wood than in other reaches, such as downriver reaches of 
Sheep and Mission creeks and main-stem reaches in Hangman creek where agriculture 
predominated, which were analyzed in previous years by Kinkead and Firehammer (2011).  The 
South Fork of Hangman and its tributary Martin Creek show good potential for redband habitat, 
however perennial flow is lacking in the former and excess fines in the latter.  In addition, 
summer temperature profiles, most likely related to the presence of canopy cover, were cooler 
and more suitable for incubation and rearing in upper forested reaches of monitored sub-
watersheds than in downriver agricultural reaches. 
 
The four habitat factors – substrate size, canopy cover, LWD, and temperature – have been 
frequently associated with the quality of trout habitat in small streams, and have been linked to 
redband trout presence and density in various desert and montane systems.  Meyer et al. (2010) 
found the occurrence of redband trout in southwest Idaho streams to increase as the percent of 
silt substrate decreased and as the amount of stream shading increased.  The authors also noted 
that redband trout were always present in the desert streams that were examined in their study 
when mean summer temperatures were between 10 and 16oC, but were less likely to occur as 
temperatures increased from 16 to 22oC.  Densities of redband trout in southwest Idaho desert 
streams have also been found to be positively correlated with the percent of canopy cover and 
stream shading (Zoellick and Cade 2006), and to be negatively correlated with maximum 
summer stream temperatures (Zoelllick 2004).  In high desert streams in eastern Oregon, redband 
trout abundance was also positively related to the percent of silt-free substrates and percent 
canopy cover and negatively related to temperature, with high temperatures (e.g., daily 
maximums of 26-31oC) considered to be a greater detriment than silt in the degraded reaches that 
were examined (Li et al. 1994).  A fifth limiting factor in the watershed is discharge which has a 
deleterious impact on habitat by lowering dissolved oxygen concentrations, raising water 
temperatures, and decreasing the useable habitat by reducing pool depths (Hardin-Davis 2005). 
 
As supported by the findings of the aforementioned studies, data collected in 2008-9 support 
conclusions by Kinkead and Firehammer (2011), which identified a lack of canopy cover and 
concomitant high summer temperatures to be possibly a major factor limiting the distribution and 
abundance of redband trout in many of the stream reaches in the upper Hangman Creek 
watershed.  The link between stream shading and temperature was especially evident for main-
stem reaches in Hangman creek where summer temperatures were documented to sharply 
increase over relatively short distances downstream as the riparian canopy markedly decreased.  
Throughout the reporting period, stream temperature metrics in downriver reaches of Mission 
and Sheep creeks and in the main-stem of Hangman Creek, where canopy cover was lacking, 
exceeded established temperature thresholds a high percentage of the time.  The metric that was 
chosen to evaluate thermal suitability was the percent time water temperatures exceeded 14oC 
during a spawning/incubation timeframe (i.e., May 1 – June 30) and 20oC during summer rearing 
periods (i.e., July 1 – August 31).  This is an adjustment from earlier analysis methods described 
in Peters et al. (2003) and Kinkead and Firehammer (2011), which used the 7-d moving average 
of maximum and minimum daily temperatures.  This change was intended to further define one 
reach from another and specifically diurnal variations in a finer scale method. 
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Thermal heterogeneity within reaches of the watershed was undefined during previous 
monitoring efforts, however, the importance of deep pools as rearing habitat was demonstrated 
using data collected during 2008-9.  Pools 3 feet deep or greater had a tendency to be colder than 
the connected riffle, with the most dramatic differences apparent in 2008. The main-stem reach 
that was analyzed is virtually devoid of all LWD (Kinkead and Firehammer 2011), and beaver 
dams have little effect on habitat conditions in the area (Green 2012). The addition of stable 
large woody debris through this reach may have the potential to increase the amount of deep pool 
habitat with its associated temperature decreases. 
 
Summer discharge and its associated impacts on other habitat parameters became more of a 
focus with the completion of the planning document, Prioritization Area Selection within the 
Hangman Watershed of the Coeur d’Alene Reservation (Green et al. 2008). Hangman Creek and 
many of the tributaries have been impacted by installation of drainage tiles, heavy timber harvest 
and increased road densities.  One example of discharge limiting salmonids is the case with 
Nehchen Creek where a density of cutthroat trout between 11.8 – 34.8 fish/100m was sampled 
from 2003-4 (Kinkead and Firehammer 2011).  Timber harvesting occurred in the watershed 
from 2005-9, and perennial flow ceased in 2009. No salmonids were sampled in 2009, and 
subsurface flow was noted in most locations.  
 
Water quality sampling during rain-on-Snow events in the Hangman watershed in January 2009 
and in previous years (Kinkead and Firehammer 2011) illustrate the potential for certain reaches 
to present sub-optimal conditions for redband trout during peak flow events. Discharge during 
brief, infrequent severe storms or rain-on-snow events was substantially more flashy in lower 
reaches of Sheep and Mission creeks and in the main-stem of Hangman Creek than in Nehchen 
and Indian creeks.  The absence of LWD and overall lack of complexity documented during 
habitat surveys in reaches of the Hangman main-stem and in lower Sheep and Mission creeks 
(Kinkead and Firehammer 2011) likely increased the vulnerability of fish during these peak flow 
events.  Elevated levels of total suspended solids (TSS) were also recorded concurrent with peak 
discharge events in the main-stem of Hangman creek and in lower reaches of Mission and Sheep 
creeks.  Though the duration of these elevated levels would unlikely to be prolonged enough to 
result in lethal effects on salmonids, the measured TSS levels in these reaches could produce 
sub-lethal effects such as increased coughing, increased respiration rates, long term reduction in 
feeding success, and overall poor condition.  Moreover, suspended sediment concentrations of 30 
mg/L over the course of a few days, conditions that were observed during our survey, can have 
the same sub-lethal effect as storm events producing much higher TSS concentrations over 
briefer periods (Newcombe and Jensen 1996). Restoration that is designed to decrease sediment 
delivery into tributary and main-stem habitat will be important to reduce stress on fish 
populations. 
 
Migration barriers, whether seasonal or year-round, are limiting the connectivity of sub-
populations and decreasing useable habitat for redband trout in Hangman Creek. Many of the 
forested watersheds have culverts that may be limiting access to spawning grounds for 
salmonids. Three culverts that were suspected of being fish barriers were assessed and found to 
be fish barriers (Table 11).  Fish have never been sampled above the EF Indian and Bunnel 
Creek culverts (Peters et al. 2003; Kinkead and Firehammer 2011), and only sporadically 
sampled above the MF Indian culvert. It is noteworthy that the lowest gradient of the three 
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culverts is found on MF Indian Creek. Small densities above this culvert could indicate a 
seasonal passage barrier. Replacement of these culverts with a larger pipe, counter-sunk into the 
substrate to allow deposition of natural substrate, or installation of an artificial fish ladder would 
open up new habitat for redband trout. 
 
Restoration priorities 
Restoration efforts implemented during 2008-9 were informed by Kinkead and Firehammer 
(2011), to protect and enhance Indian Creek, the watershed’s best fish-bearing stream, and 
enhancing the quality of riparian cover in areas with documented deficiencies that are considered 
potential connecting habitat. Large woody debris placement in Indian Creek proved to be an 
efficient use of resources to increase pool habitat within tributary habitat that has an immature 
riparian over-story and moderately impacted channel morphology. Placement of wood without 
the use of heavy equipment had low impact on the existing riparian and was well suited for the 
hydrology of Indian Creek. However this method should be used only where spring discharge is 
similar to that found in Indian Creek and other largely unimpaired watersheds. Higher peak 
flows would greatly increase the chance of a hand placed structure to be compromised. Riparian 
plantings continued on the main-stem of Hangman and locations on Indian and Nehchen creeks. 
Adaptive management has yielded better survival rates of riparian plantings at main-stem 
locations and we have had continued success on Indian Creek. 
 
Riparian enhancement on Indian Creek and similar locations on the lower reaches of Sheep and 
Mission creeks are priorities to enhance connective habitat between fish-bearing reaches, but 
adjustments to restoration methods and site location are necessary because of the channel 
morphology of these priority reaches. Temperature data collected from 2002-2009 (Peters et al. 
2003; Kinkead and Firehammer 2011) indicate that temperatures are 1-5° C above the 
temperature limits recommended for summer rearing. Hardin-Davis (2005) suggested that 
temperature in Hangman Creek could be reduced by two degrees with the addition of 50% 
canopy cover over the stream channel. Green et al. (2008) concluded the greatest potential for 
restoring wetlands and hence baseline flow in the Hangman watershed, is to increase 
impoundment of flood waters and allow better infiltration of surface water runoff to supplement 
shallow ground water. A map generated by this report (Figure 4, Green et al. 2008) indicates the 
main-stem of Hangman from Mission Creek to the confluence of Nehchen Creek, and the lower 
reaches of several tributaries including Mission, Sheep, and the SF Hangman have the widest 
valleys and the greatest potential for saturated soils to meet this restoration objective. The 
challenge of implementing this strategy is that these are the same reaches identified by Kinkead 
and Firehammer (2011) as having severely impaired channel forming processes. The degraded 
channels are disconnected from the historic valley bottom floodplains, and this mechanism 
accounts for the poor survival rates of riparian plantings. Additionally, the lack of stable beaver 
dams in this area indicates that either the building materials are inadequate in quantity and size, 
or that the channel morphology will not allow stable dams to be established. Beaver dams will 
aggrade the channel and help improve the connectivity of the stream and its riparian zone. Future 
designs should investigate the use of beaver as a restoration tool and identify reaches that are 
feasible for restoration using beaver as a primary tool.  
 
Future restoration work that is planned for 2010 includes a culvert replacement on Bunnel Creek 
as part of a 319 grant partnered with Benewah County. This is one of the three culverts identified 



 

Coeur d’Alene Tribe Fisheries Program – Annual Report, Hangman Creek Fisheries Restoration, 2008-2009.                                                                                                                                                                 62 

as fish barriers in the watershed. We also plan riparian enhancement on Sheep Creek where 
channel morphology is better suited for plantings without the need for supplemental watering. 
 
Restoration work is being coordinated with the Hangman Creek Wildlife Restoration Project, 
BPA Project #2001-033-00. A plan for prioritization of restoration projects in the watershed uses 
current fish distribution and feasibility of improving groundwater inputs to summer stream flows 
as a means of identifying short-term and long-term goals for BPA funded projects (Green et al. 
2008). The Wildlife Program is focusing on the long range goal of restoring the natural 
hydrology of the watershed thru removal of drainage tiles that are prevalent in agricultural areas 
(Green 2008) and realignment of Sheep Creek (Inter-Fluve 2008), as well as establishing 
nurseries for native riparian plants. Both the Fisheries and Wildlife projects are working with 
other departments within the Coeur d’Alene Tribe to identify properties to purchase, or otherwise 
gain access to lands identified as priority for restoration. We will be coordinating future RME 
efforts with the Wildlife Program to collect baseline data describing distribution of beaver in the 
watershed, the size and persistence of dams, the materials within the dams, and the pool habitat 
created by beaver. 
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9.0 APPENDICES 
 
Appendix A: Water Quality and Continuous Temperature  Monitoring Sites 
 
Appendix A-1. Water Quality Sites and Laboratory Methods 

Mainstem Hangman 
 
01-SH000000, Hangman, Stateline.   T45N, R6W, Sec 36, NW 1/4 .  River mile (RM) 0.0 on 
Hangman Creek Road. Located in Agriculture land. 
 
02-SH000000, Hangman-HWY 95.  T44N, R5W, Sec 24, NW 1/4.  Hangman Creek RM 8.1 at 
Hwy 95.  Located in Agriculture land. 
 
03-SH000000, Hangman Creek at Nehchen Hump.  T44N, R4W, Sec 28, NW 1/4.  RM 11.6 on 
Old Sanders Road.  Mixed land use area. 
 
05-SH000000, Hangman at confluence with SF Hangman.  T43 N, R4W, Sec 1, SE 1/4.  RM 16.5 
on Emida/Sanders Road.  Mixed land use area. 
 
06-SH000000, Hangman in Forest.  T43N, R3W, Sec 5, NE 1/4.  RM 18.7 on Emida/Sanders 
Road. Forested area. 
 
07-SH000000, Upper Hangman.  T44N, R3W, Sec 33, SW 1/4.  RM 19.2 off Emida/Sanders 
Road.  Forested area. 
 
 

TRIBUTARIES 
 
01-SH050000, Lolo Creek.  T44N, R5W, Sec 26, SW 1/4.  Lolo Creek is at RM 4.0 on Hangman 
Creek.  Sample site is at Benewah Creek Road crossing at RM 2.9.  Located in Agriculture land. 
 
01-SH070000, Lower Tensed Creek.   T44N, R5W, Sec 11, SE 1/4. Confluence with Hangman 
Creek is RM 6.8.  Sample site is at Old Tensed Road crossing at RM 0.7.  Located in Agriculture 
land. 
 
02-SH070000, Upper Tensed Creek.  T44N, R4W, Sec 6, NE ¼. Sample site is 100 yards SE of 
Little Butte Road at RM 3.0. Forested area. 
 
01-SH060000, Lower Mission Cr.  T44N, R5W, Sec 35, NW .  Confluence with Hangman Creek 
is RM 7.5, and sample site is at the second King Valley Road crossing at RM 2.3 of Mission 
Creek.  Located in Agriculture land. 
 
02-SH060000, M.F. Mission Cr.  T43N, R5W, Sec 10, NE 1/4.  At Pole Camp Road crossing at 
RM 4.8.  Forested area. 
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01-SH060010, E.F. Mission Cr.  T43N, R5W, Sec 3, SE 1/4.  1/4 mile west of Pole Camp Road on 
haul road at RM 0.2.  Lightly forested area.   
   
01-SH060020, W.F. Mission Creek.  T43N, R5W, Sec 3, NW 1/4.  At old bridge crossing that is 
tank-trapped, 1/3 mile west of Pole Camp Road at RM 0.5.  Mixed land uses in area 
   
01-SH080000, Sheep Creek at HWY 95.  Confluence with Hangman Creek is RM 9.1.  Sample 
site under bridge at Hwy 95 at RM 0.6. Mixed land use area. 
 
02-SH080000, Upper Sheep Creek.  T43N, R5W, Sec 1 SE ¼.  1 mile south of end of Sheep 
Creek Road, at forestry gate at RM 2.8.  Forested area.  
 
01-SH090000, Lower Nehchen Creek.  T44N, R4W, Sec 28, NW ¼.   RM 11.5 on Hangman 
Creek.  Below culvert on Old Sanders Road at RM 0.1.  Located in Agriculture land. 
   
02-SH090000, Upper Nehchen.  T44N, R4W, Sec 14, NW ¼.  1 mile behind Potlatch gate above 
Apple Horse Farm above culvert on logging road at RM 2.9.  Forested area. 
   
01-SH100000, Unnamed creek upstream of Nehchen. T44N, R4W, Sec 28, NE ¼.  RM 12.2 on 
Hangman Creek.  Sample site is below culvert on Old Sanders Road.  Mixed land uses area. 
   
01-SH110000, Lower Smith Creek.   T43N, R4W, Sec 3, SE ¼.  RM 13.5 on Hangman Creek.  
Above culvert on Sanders Road at RM 1.0.  Located in Agriculture land.   
   
01-SH110010, Mineral Creek.  T43N, R4W, Sec 3, SE ¼.  At confluence with Smith Creek on 
Sanders Road at RM 0.0.   Located in Agriculture land. 
   
02-SH120000, Upper S.F. Hangman Creek.  T43N, R4W, Sec 13, SW ¼.  SF Hangman 
Confluence with Hangman Creek is RM 16.6.  At end of Papoose Road at RM 1.7.  Forested 
area. 
  
01-SH120010, Conrad Creek.  T43N, R4W, Sec 12, SE ¼.  Above culvert on Papoose Road at 
RM 0.1.  Mixed land use area. 
   
01-SH120020, Martin Creek.  T43N, R3W, Sec 18, NW ¼.  50 yards east of Pappoose Road at 
RM 0.2.  Mixed land use area. 
   
01-SH130000, Benak Cr.  T44N, R3W, Sec 33, SW ¼.  Across from Hill Cr on Elmida/Sanders 
Road on north side of Hangman Creek at RM 0.0.  Forested area. 
   
01-SH140000, Hill Creek.  T44N, R3W, Sec 33, SW ¼.  RM  on Hangman Cr. Above culvert on 
Elmida/Sanders Road at RM 0.0.  Forested area. 
  
01-SH160000, Parrot Creek.  T44N, R3W, Sec 33, SW ¼.  Above culvert on Elmida/Sanders 
Road at RM 0.0.   Forested area. 
   



 

Coeur d’Alene Tribe Fisheries Program – Draft Annual Report, Hangman Creek Fisheries Restoration, 2008-9.                                                                                                                                                                                    69 

01-SH170000, Bunnel Creek. T44N, R3W, Sec 33, SW ¼. Joins Parrot Cr to become Bunnel 
Creek at hairpin turn on Elmida/Sanders Road at RM 0.5.  Forested area. 
   
01SH0200000 Indian Creek-Sanders. T44N, R4W, Sec 30, NW ¼.  Confluence with Hangman 
Creek is RM 15.0. Sample site is at  RM 0.3 on Indian Creek.  Rural area. 
 
02-SH020000, Indian Creek-Pow Wow.  T44N, R4W, Sec 30, NW ¼.  Confluence with 
Hangman Creek is RM 15.0. Sample site is at  RM 1.4 on Indian Creek.  Forested area. 
  
03-SH020000, Upper Indian.  T44N, R3W, Sec 30, NE ¼.  RM 2.9 on Indian Creek.  Behind 
gate on logging road above confluence with N.F. Indian. Forested area. 
  
01-SH020010, E.F. Indian Creek  T44N, R3W, Sec 30, SE ¼.  RM 2.6 on Indian Cr.  Opposite 
side of Indian Creek from road at RM 0.3. Forested area. 
   
01-SH020020, N.F. Indian Cr. T44N, R3W, Sec 30, SW ¼.  RM 2.7 on Indian Cr.  Above 
culvert on logging road at RM 0.1.  Forested area.  
 
01-SH010000, Little Hangman Creek. T45N, R6W, Sec 12.  At stateline with Washington. 
Agriculture area. 
 
01-SH010010, Lower Moctileme Creek. T45N, R6W, Sec 12.  On Hwy 60, 100 feet above 
confluence with Little Hangman at RM 0.0. Agriculture area. 
 
01-SH030000, NF Rock Creek. T47N, R6W, Sec 12. At Hwy 58 crossing near Washington 
border. Agriculture area. 
 
No code. Rock Creek. T46N, R6W, Sec 1. At stateline with Washington. Agriculture area. 
 
No code. Rose Creek. T47N, R6W, Sec 13. At stateline with Washington. Agriculture area. 
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Appendix A-2. Continuous Temperature Sampling Site Descriptions 
 
01-SH000000, Hangman, Stateline.   T44N, R5W, Sec 36, NW 1/4 .  River mile (RM) 0.0 on 
Hangman Creek Road. Located in Agriculture land. 
 
No code: Hangman, Liberty.  T44N, R5W, Sec. 5, NE ¼.  River Mile (RM) 3.1 on Hangman 
Creek Road. Located in Agriculture land. 
 
No code:Hangman, Farm.  T44N, R5W, Sec. 10, NE ¼.  River Mile (RM) 5.8 on Hangman 
Creek Road.  Located in Agriculture land. 
 
06-SH000000, Hangman-HWY 95.  T44N, R5W, Sec. 24, NW 1/4.  Hangman Creek RM 8.1 at 
Hwy 95.  Located in Agriculture land. 
 
07-SH000000, Hangman, Buckless.  T44N, R4W, Sec. 29, NE ¼.  River Mile (RM) 10.5 on 
Sanders Road.  Located in mixed land use area. 
 
03-SH000000, Hangman Creek at Nehchen Hump.  T44N, R4W, Sec 28, NW 1/4.  RM 11.6 on 
Old Sanders Road.  Mixed land use area. 
 
00-SH000000, Hangman, Beasley.  T44N, R4W, Sec. 28, SE ¼.  River Mile (RM) 12.2 on 
Sanders Road.  Mixed land use area. 
 
00-SH000000, Hangman, Larson.  T43N, R4W, Sec. 2, NW ¼.  River Mile (RM) 14.8 on the 
Old Sanders Road.  Mixed land use area. 
 
00-SH000000, Hangman, Crawford.  T43N, R4W, Sec. 2, NE ¼.  River Mile (RM) 15.2 on the 
Old Sanders Road.  Mixed land use area. 
 
00-SH000000, Hangman, Bennett.  T43N, R4W, Sec. 1, NW ¼.  River Mile (RM) 16.5 on the 
Old Sanders Road.  Forested area. 
 
00-SH000000, Hangman, S.F.Road.  T43N, R4W, Sec. 1, SE ¼.  River Mile (RM) 16.9 on the 
Old Sanders Road.  Mixed land use area. 
 
06-SH000000, Hangman in Forest.  T43N, R3W, Sec 5, NE 1/4.  RM 18.7 on Emida/Sanders 
Road. Forested area. 
 
01-SH170000, Bunnel Creek. T44N, R3W, Sec 33, SW ¼. Joins Parrot Cr to become Bunnel 
Creek at hairpin turn on Elmida/Sanders Road at RM 0.5.  Forested area. 
 
00-SH000000, Mission, DeSmet.  T44N, R5W, Sec. 26, NE ¼.  River Mile (RM) 0.4. Located 
on agriculture land. 
 
00-SH000000, Mission, King Valley Road. T44N, R5W, Sec. 26, SW ¼.  River Mile (RM) 2.3.  
Located on King Valley Road.  On agriculture land. 
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02-SH060000, M.F. Mission Cr.  T43N, R5W, Sec. 10, NE 1/4.  At Pole Camp Road crossing at 
RM 4.8.  Forested area. 
 
Sheep Creek Confluence.  T44N, R4W, Sec. 29, NW ¼.  River Mile (RM) 0.0.  Located on 
agriculture land.  
 
01-SH080000, Sheep Creek at HWY 95.  Confluence with Hangman Creek is RM 9.1.  Sample 
site under bridge at Hwy 95 at RM 0.6. Mixed land use area. 
 
02-SH080000, Upper Sheep Creek.  T43N, R5W, Sec 1 SE ¼.  1 mile south of end of Sheep 
Creek Road, at forestry gate at RM 2.8.  Forested area. 
 
01-SH090000, Lower Nehchen Creek.  T44N, R4W, Sec 28, NW ¼.   RM 11.5 on Hangman 
Creek.  Below culvert on Old Sanders Road at RM 0.1.  Located in Agriculture land. 
 
02-SH090000, Upper Nehchen.  T44N, R4W, Sec 14, NW ¼.  1 mile behind Potlatch gate above 
Apple Horse Farm above culvert on logging road at RM 2.9.  Forested area. 
 
01SH0200000 Indian Creek-Sanders. T44N, R4W, Sec 30, NW ¼.  Confluence with Hangman 
Creek is RM 15.0. Sample site is at RM 0.3 on Indian Creek.  Rural area. 
 
02-SH020000, Indian Creek-Pow Wow.  T44N, R4W, Sec 30, NW ¼.  Confluence with 
Hangman Creek is RM 15.0. Sample site is at  RM 1.4 on Indian Creek.  Forested area. 
 
03-SH020000, Upper Indian.  T44N, R3W, Sec 30, NE ¼.  RM 2.9 on Indian Creek.  Behind 
gate on logging road above confluence with N.F. Indian. Forested area. 
 
01-SH020010, E.F. Indian Creek  T44N, R3W, Sec 30, SE ¼.  RM 2.6 on Indian Cr.  Opposite 
side of Indian Creek from road at RM 0.3. Forested area. 
 
01-SH020020, N.F. Indian Cr. T44N, R3W, Sec 30, SW ¼.  RM 2.7 on Indian Cr.  Above 
culvert on logging road at RM 0.1.  Forested area. 
 
00-SH000000, S.F. Hangman, Lower.  T43N, R4W, Sec. 12, NE ¼.  River Mile (RM) 0.7.  
Located on forested area. 
 
02-SH120000, Upper S.F. Hangman Creek.  T43N, R4W, Sec 13, SW ¼.  SF Hangman 
Confluence with Hangman Creek is RM 16.6.  At end of Papoose Road at RM 1.7.  Forested 
area. 
 
01-SH120020, Martin Creek.  T43N, R3W, Sec 18, NW ¼.  50 yards east of Pappoose Road at 
RM 0.2.  Mixed land use area. 
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Appendix B. Water quality data collected including TSS, turbidity, discharge, dissolved oxygen, 
temperature and pH. 
 
Table B-1.  Summary of water quality collected October 2007-Sept 2009. 
 

 
 

Hangman-Stateline  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

10/30/2007 ND 1.33 0.90 3.43 5.27 6.34
10/31/2007 ND 1 0.90 3.43 5.27 6.34
2/11/2008 ND 9.62 0.90    
3/27/2008 19 23.5 176 10.45 3.18 5.79
4/30/2008  23.4 306 11.7 6.03 5.9
8/28/2008 2 1.24 0.90    
9/18/2008 2 1.54 0.54

10/20/2008 1.05 0.67 5.79 7.8 7.44
1/7/2009 330 373.0 1079    
1/8/2009 245 339 3317    
4/1/2009 27 40.3 319 10.14 5.88 7.36
6/24/2009 12 7.57 0.90 6.29 19.96 7.42
8/26/2009 3 2.2 <0.3 3.22 16.56 7.35

Hangman-Buckless  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

10/30/2007 ND 2.88 0.40 8.71 4.72 3.24
12/3/2007 6.65 3.13
12/4/2007  89.7    
3/27/2008 7 12.7 48.3 13.32 2.67 0.25
4/30/2008  46.4  13.4 4.31 3.04
8/28/2008 2 1.66 0.87    
9/18/2008 3 3.04 0.08 6.32 12.53 5.45

10/20/2008 2.11 0.52 8.69 6.42 3.69
4/1/2009 16 20.9 102 11.82 1.64 6.65
6/24/2009 4 5.32 2.87 8.59 18.76 6.99
8/26/2009 2 2 0.25 6.59 20.03 6.97

Hangman-SF Road   
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

10/30/07 ND 1.87 0.07 8.17 5.33 6.35
12/3/2007  46.9 11.1    
12/4/2007 40.1 3.05    
3/27/2008 9 14.5 5.11 12.9 2.42 5.32
4/30/2008  18.8 11.35 13.09 4.61 5.16
8/28/2008 4 4.55 0.24    
9/18/2008 3 4.4 0.29 8.13 12.74 6.5

10/20/2008 2.97 0.27 9.47 7.36 6.36
1/7/2009 90 56.6 54.0    
1/8/2009 199 70.4 40.7    
6/24/2009 2 3.44 1.59 9.96 10.97 6.97
8/26/2009 2 3.1 0.31 8.32 14.36 7.12
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Table B-2.  Summary of water quality collected October 2007-Sept 2009. 
 

 
 
 
  

Hangman-Forest  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

10/30/07 ND 1.9 0.06 9.43 3.74 5.55
12/3/2007 21.2 2.71
12/4/2007 17.9 1.25
2/11/2008 3 3.99 0.19
3/27/2008 3 11.4 1.59 12.85 1.99 4.84
4/30/2008 20.9 16.3 13.29 4.02 4.73
8/28/2008 3 4.56 0.15    
9/18/2008 ND 2.63 0.13 9.43 10.04 6.55

10/20/2008 1.4 0.10 11.04 6.14 5.97
4/1/2009 14 13.2 4.69 13.28 2.32 6.21
6/24/2009 3 3.39 0.63 10.52 8.88 6.86
8/26/2009 2 2.3 0.20 9.56 11.39 7.07

Moctilimne
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 3 2.7 0.37

Tensed
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

11/27/2007 Dry
12/3/2007 standing pools
8/28/2008 Dry
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Table B-3.  Summary of water quality collected October 2007-Sept 2009. 
 

 
 
  

Mission-Desmet  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

10/30/2007 2 3.31 0.01 0.52 4.46 5.39
12/3/2007 574 52.6
12/4/2007 132 34.4
2/11/2008 11 18.2 2.44
3/27/2008 156 76.6 10.1 11.98 2.56 5.69
4/14/2008 2020 1000 48.1
4/30/2008 30.7 28.3 12.29 6.84 5.65
8/28/2008 7 5.75 0.01    
9/18/2008 dry

10/20/2008 4.4 0.02 1.35 7.32 6.74
1/7/2009 15800 4960 340
1/8/2009 638 299 198  
4/1/2009 42 57.3 31.8 11.5 2.88 7.12
6/23/2009 6 8.56 0.63 10.26 19.28 8.55
8/26/2009 10 5.12 0.01 0.71 14.32 7.11

Mission-King Valley  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 4 2.88 0.02    
6/23/2009 6 15.3 0.27 9.00 11.34 7.17
8/26/2009 3 4.36 0.02 5.35 10.38 6.91

Mission-MF  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 ND 3.83 0.05    
6/23/2009 ND 7.23 0.23 11.00 8.23 6.7
8/26/2009 2 4.22 0.03 9.2 10.78 6.29

Mission-EF  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 ND 7.25 0.01    
6/23/2009 ND 9.84 0.07 9.34 9.95 6.5
8/26/2009 ND 4.68 0.01 7.68 10.06 6.52

Mission-WF
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 ND 4.18 0.01    
6/23/2009 14 15.5 0.08 10.4 10.74 7.18
8/26/2009 2 3.27 0.002 6.03 10.4 6.46
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Table B-4. Summary of water quality collected October 2007-Sept 2009. 
 

 
 
 
  

Sheep-HWY 95  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

10/30/07 3 4.29 0.02 4.53 5.7 6.19
12/3/2007 210 1706
12/4/2007 62.2 18.22
2/11/2008 4 10 3.18
3/27/2008 7 14.8 13.2 12.82 2.79 5.4
4/14/2008 257 103 54.3
4/30/2008 20.5 19.6 12.58 5.95 5.17
8/28/2008 2 3.04 0.02    
9/18/2008 2 1.65 0.01 4.21 9.35 6.06

10/20/2008 4.53 0.03 2.14 7.44 6.02
1/7/2009 269 155 367
1/8/2009 393 166 185  
4/1/2009 15 28.9 26.2 12.07 3 6.94
6/23/2009 8 10.4 0.59 9.28 14.48 6.79
8/26/2009 2 3.11 0.04 4.92 13.47 6.62

Sheep-Upper  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 ND 2.28 0.06    
6/23/2009 3 4.09 0.21 11.51 9.46 6.42
8/26/2009 ND 2.47 0.14 8.92 11.58 6.93

Nehchen-Lower  
Date TSS (mg/l) Turbidity (NTU)  DS ft³/sec D.O. mg/L Temp (C) pH

10/30/07 dry
12/3/2007 dry
12/4/2007 43.8 0.10
2/11/2008 ND 4.59 0.64
3/27/2008 6 6.01 6.36 12.87 2.52 2.45
4/14/2008 228 62.1 44.6
4/30/2008 12.3 18.7 13.24 5.18 3.82
5/21/2008 8.35 22.2
8/28/2008  dry
9/18/2008 dry

10/20/2008 dry
1/7/2009 209 116 20.1
1/8/2009 93 41.9 58.5  
4/1/2009 6 11.3 7.07 11.43 2.76 6.06
6/24/2009 ND 3.63 0.21 8.7 15.56 7.23
8/26/2009 dry

Nehchen-Upper
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 ND 1.58 0.12    
6/24/2009 ND 2.04 0.34 10.07 10.95 6.83
8/26/2009 ND 1.95 0.021 8.89 13.04 7.23
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Table B-5.  Summary of water quality collected October 2007-Sept 2009. 
 

 
 
  

Indian Creek-Sanders
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

10/30/2007 ND 1.52 0.21 9.89 3.76 5.22
12/3/2007 12.3 1.42
12/4/2007 12.8 1.20
2/11/2008 ND 5.56 0.71
3/27/2008 3 12.5 4.93 13.06 2.53 4.82
4/14/2008 78 43.9 28.3
4/30/2008 15.5 16.5 13.3 4.57 4.6
5/21/2008 6.41 10.1
8/27/2008 2 2.28 0.46    
9/18/2008 5 2.19 0.22 8.89 10.42 6.28

10/20/2008 1.3 0.23 10.63 6.2 5.63
1/7/2009 100 94.2 26.4
1/8/2009 137 67.1 61.3  
4/1/2009 6 12.3 10.5 13.56 2.27 6.41
6/24/2009 5 2.61 1.24 10.04 10.99 6.87
8/26/2009 2 2.09 0.34 8.66 14.57 6.96

Indian Creek-Pow Wow
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

10/30/2007 ND 1.02 0.23 10.72 3.72 4.56
3/26/2008 3 14.1 2.21 13.41 1.84 4.74
4/30/2008 13.3 17.63 13.68 4 4.81
8/27/2008 ND 1.56 0.70    
9/18/2008 2 1.59 0.24 10 10.69 4.97

10/20/2008 1 0.24 11.66 6.44 5.29
4/1/2009 4 10.2 0.01 13.41 2.08 6.56
6/24/2009 6 1.9 1.30 11.19 9.1 6.72
8/26/2009 2 1.57 0.75 9.53 12.55 7.19

Indian Creek-Upper
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/27/2008 ND 1.01 0.11    
6/24/2009 ND 1.04 0.34 10.07 9.1 7.18
8/26/2009 ND 0.77 0.08 7.31 11.87 7.31

Indian Creek-NF
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/27/2008 2 1.38 0.23    
6/24/2009 ND 1.21 0.55 11.65 8.55 7.55
8/26/2009 ND 0.98 0.26 10.97 12.07 6.37

Indian Creek-EF
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/27/2008 ND 0.88 0.04    
6/24/2009 2 1.17 0.19 10.35 9.1 6.94
8/26/2009 2 0.86 0.04 6.96 11.57 6.96
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Table B-6.  Summary of water quality collected October 2007-Sept 2009. 
 

 
 
  

SF Hangman-Lower
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

10/30/2007 ND 2.58 0.10 6.12 3.69 5.78
12/3/2007 54.9 13.2
12/4/2007 31.5 10.4
2/11/2008 3 7.81 1.42
3/27/2008 8 12 12.6 12.54 3.75 5.18
4/30/2008 12 17.9
8/27/2008 ND 4.67 0.26    
9/18/2008 ND 2.41 0.10 4.51 9.44 6.08

10/20/2008 1.83 0.23 7.26 5.97 6.26
1/7/2009 74 57.4 177
1/8/2009 81.7 99.0  
4/1/2009 8 13.3 12.5 10.69 3.58 7.09
6/23/2009 4 3.84 0.60 9.63 12.53 7.24
8/26/2009 2 3.15 0.19 5.81 11.87 7.02

SF Hangman-Upper
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/27/2008 ND 2.57 0.11    
6/23/2009 2 3.08 0.13 9.27 9.65 7.07
8/26/2009 ND 1.41 0.01 7.67 9.74 6.97

Conrad
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/27/2008 ND 3.77 0.03
6/23/2009 2 2.7 0.18 9.62 13.08 7.21
8/26/2009 dry

Martin
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

10/30/2007 ND 1.57 0.13 6.87 4.27 5.86
12/3/2007 75.7 4.42
12/4/2007 58 4.22
3/27/2008 3 8.94 3.48 11.99 3.45 5.11
4/14/2008 105 31 15.6
4/30/2008 9.82 8.32 12.51 4.95 5.12
8/27/2008 ND 2.71 0.17    
9/18/2008 ND 1.95 0.07 7.1 10.03 6.51

10/20/2008 1.84 0.08 8.09 6.25 6.39
4/1/2009 3 10 3.51 10.02 5.31 7.15
6/23/2009 2 2.93 0.21 9.63 10.59 7.33
8/26/2009 ND 2.03 0.10 7.09 10.5 7.19
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Table B-7.  Summary of water quality collected October 2007-Sept 2009. 
 

 
 
 
  

Bunnel
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 2 1.47 0.05    
6/23/2009 2 2.39 0.12 10.12 8.42 6.76
8/26/2009 2 1.93 0.07 9.39 11.5 6.94

Parrot
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

8/28/2008 52 2.89 0.02    
6/24/2009 2 5.73 0.06 10.12 8.07 6.97
8/26/2009 ND 2.89 0.02 2.1 11.36 6.89

Smith
Date TSS (mg/l) Turbidity (NTU)  DS Ft³/sec D.O. mg/L Temp (C) pH

10/30/2007 4 2.27 0.03 6.11 4.42 6.34
12/3/2007 66.5   
12/8/2007 <2 9.69 1.23 12.13 0.57 6.91
3/27/2008 19.7 17.5 12.47 2.37 5.34
4/30/2008 16 23.5 12.34 5.59 5.43
8/28/2008 ND 2.83 0.07    
9/18/2008 dry

10/20/2008 2.08 0.08 7.12 5.46 6.55
12/4/2008 47.7  
4/1/2009 74 75 25.1 11.48 3.13 7.08
6/23/2009 10 8.91 0.22 7.13 16.2 7.04
8/26/2009 dry
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Appendix C:  Continuous Temperature Profiles 

 
Figure C-1: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Stateline in 2008 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 

 
 
 

 
Figure C-2: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Stateline in 2009 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 
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Figure C-3: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Liberty Butte in 2008 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 

 
 
 

 
Figure C-4: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Liberty Butte in 2009 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 
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Figure C-5: Average weekly maximum/minimum temperature profiles of Hangman Cr. at Tribal 
Farm in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
 
 
 

 
Figure C-6: Average weekly maximum/minimum temperature profiles of Hangman Cr. at Tribal 
Farm in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing 

limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-7: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Highway 95 in 2008 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning.  
 
 
 

 
Figure C-8: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Buckless in 2008 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 
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Figure C-9: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Buckless in 2009 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 

 
 
 

 
Figure C-10: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Nehchen Hump in 2008 marked with optimum/critical ranges for salmonids. Green line 
estimates rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for 
salmonid spawning. 
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Figure C-11: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Nehchen Hump in 2009 marked with optimum/critical ranges for salmonids. Green line 
estimates rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for 
salmonid spawning. 

 
 
 

 
Figure C-12: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Beasely in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-13: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Beasely in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-14: Average weekly maximum/minimum temperature profiles of Hangman Cr.-Larsen 
in 2008 marked with optimum/critical ranges for salmonids.  Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-15: Average weekly maximum/minimum temperature profiles of Hangman Cr. - Larsen 
in 2009 marked with optimum/critical ranges for salmonids.  Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
This was the same location as previous years 
 

 
Figure C-16: Average weekly maximum/minimum temperature profiles of Hangman Cr. - Larsen 
in 2009 marked with optimum/critical ranges for salmonids.  Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

This data comes from the tailout of the pool from the previous figure. 
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Figure C-17: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Crawford in 2008 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 

 
 
 

 
Figure C-18: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Crawford in 2009 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 
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Figure C-19. Average weekly maximum/minimum temperature profiles of Hangman Cr. at RM 
16.1 in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-20: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Bennett in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-21: Average weekly maximum/minimum temperature profiles of Hangman Cr. at SF 
Rd. in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
(Hobo was found on the bank on Aug 16th and suspected to be out of the water from June 27th.) 
 
 

 
Figure C-22: Average weekly maximum/minimum temperature profiles of Hangman Cr. at SF 
Rd. in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-23: Average weekly maximum/minimum temperature profiles of Hangman Cr. at 
Forest in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-24: Average weekly maximum/minimum temperature profiles of Hangman-Forest in 
2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-25: Average weekly maximum/minimum temperature profiles of Mission Cr. at 
DeSmet in 2008 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 

 
 
 

 
Figure C-26: Average weekly maximum/minimum temperature profiles of Mission Cr. at 
DeSmet in 2009 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning.  
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Figure C-27: Average weekly maximum/minimum temperature profiles of Mission Cr. at King 
Valley Rd. in 2008 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 

 
 
 

 
Figure C-28: Average weekly maximum/minimum temperature profiles of Mission Cr. at King 
Valley Rd. in 2009 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning. 
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Figure C-29. Average weekly maximum/minimum temperature profiles of Mission Cr. RM 3.8 
in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
 
 
 

 
Figure C-30: Average weekly maximum/minimum temperature profiles of the MF Mission 
Creek in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
  

0 

5 

10 

15 

20 

25 

Te
m

p 
(C

) 
Mission - Allotment 632 RM 3.8 

Temp Profile (7-Day Ave Max/Min) 

Min  Max Spawning Limit Rearing Limit 

0 

5 

10 

15 

20 

25 

Te
m

p 
(C

) 

MF Mission RM 4.8 
Temp Profile ( 7-Day Ave Max/Min) 

Min  Max Spawning Limit Rearing Limit 



 

Coeur d’Alene Tribe Fisheries Program – Draft Annual Report, Hangman Creek Fisheries Restoration, 2008-9.                                                                                                                                                                                    94 

 

 
Figure C-31: Average weekly maximum/minimum temperature profiles of the MF Mission 
Creek in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-32: Average weekly maximum/minimum temperature profiles of Lower Sheep Cr. in 
2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-33: Average weekly maximum/minimum temperature profiles of Lower Sheep Cr. in 
2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-34: Average weekly maximum/minimum temperature profiles of Sheep Cr. at Highway 
95 in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-35: Average weekly maximum/minimum temperature profiles of Sheep Cr. at Highway 
95 in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-36: Average weekly maximum/minimum temperature profiles of Upper Sheep Cr. in 
2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. (No 
data from June 1st till September 15) 
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Figure C-37: Average weekly maximum/minimum temperature profiles of Upper Sheep Cr. in 
2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-38: Average weekly maximum/minimum temperature profiles of Lower Nehchen Cr. in 
2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning.(Dry 
channel after July 5th.) 
  

0 

5 

10 

15 

20 

25 

Te
m

p 
(C

) 
Sheep-Upper  RM 2.8 

Temp Profile (7-Day Ave Max/Min) 

Min  Max Spawning Limit Rearing Limit 

0 

5 

10 

15 

20 

25 

Te
m

p 
(C

) 

Nehchen - Lower RM 0.1 
Temp Profile ( 7-Day Ave Max/Min) 

Min  Max Spawning Limit Rearing Limit 



 

Coeur d’Alene Tribe Fisheries Program – Draft Annual Report, Hangman Creek Fisheries Restoration, 2008-9.                                                                                                                                                                                    98 

 

 
Figure C-39: Average weekly maximum/minimum temperature profiles of Lower Nehchen Cr. in 
2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

(Dry channel after July 4th.) 
 
 

 
Figure C-40: Average weekly maximum/minimum temperature profiles of Upper Nehchen Cr. in 
2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-41: Average weekly maximum/minimum temperature profiles of Indian Cr. at Sanders 
in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-42: Average weekly maximum/minimum temperature profiles of Indian Cr. at Sanders 
in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-43: Average weekly maximum/minimum temperature profiles of Indian Cr. at Pow 
Wow in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-44: Average weekly maximum/minimum temperature profiles of Indian Cr. at Pow 
Wow Grounds in 2009 marked with optimum/critical ranges for salmonids. Green line estimates 
rearing limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid 
spawning.  
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Figure C-45: Average weekly maximum/minimum temperature profiles of Upper Indian Cr. in 
2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 

 

 

 
Figure C-46: Average weekly maximum/minimum temperature profiles of Upper Indian Cr. in 
2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning.  
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Figure C-47: Average weekly maximum/minimum temperature profiles of the NF Indian Cr. in 
2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-48: Average weekly maximum/minimum temperature profiles of the NF Indian Cr. in 
2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-49: Average weekly maximum/minimum temperature profiles of the EF Indian Cr. in 
2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-50: Average weekly maximum/minimum temperature profiles of the EF Indian Cr. in 
2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

(Data logger not operating past 1st download) 
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Figure C-51: Average weekly maximum/minimum temperature profiles of Lower SF Hangman 
Cr. in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-52: Average weekly maximum/minimum temperature profiles of Lower SF Hangman 
Cr. in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-53: Average weekly maximum/minimum temperature profiles of Upper SF Hangman 
Cr. in 2008 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-54: Average weekly maximum/minimum temperature profiles of Upper SF Hangman 
Cr. in 2009 marked with optimum/critical ranges for salmonids. Green line estimates rearing 
limit temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-55: Average weekly maximum/minimum temperature profiles for Martin Cr. in 2008 
marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-56: Average weekly maximum/minimum temperature profiles for Martin Cr. in 2009 
marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-57: Average weekly maximum/minimum temperature profiles for Bunnel Cr. in 2008 
marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 

 
 
 

 
Figure C-58: Average weekly maximum/minimum temperature profiles for Bunnel Cr. in 2009 
marked with optimum/critical ranges for salmonids. Green line estimates rearing limit 
temperature, and the pink is the beneficial uses limit set by IDDEQ for salmonid spawning. 
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Figure C-59. Water and air temperatures at Indian-Sanders during 2009 

 
 
 

 
Figure C-60. Water and air temperatures at Indian-Sanders during 2009 
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Figure C-61. Water and air temperatures at Indian-Pow Wow during 2008 

 
 
 

 
Figure C-62. Water and air temperatures at Indian-Pow Wow during 2009 
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Figure C-63. Water and air temperatures at MF Mission in 2008. 
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Appendix D. Fish Passage Analysis Methods 
 
Figures D-1 and D-2 showing the decision pathway of fish passage analysis. 
 

 
Figure D-1.  Northern Region Juvenile Salmonid Course Passage Screen 
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Figure D-2. Northern Region Definition for Full Barriers to salmonid passage. 
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