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EXECUTIVE SUMMARY  
 
The 2016 surveys represent the 23rd consecutive year of complete bull trout redd counts in 
the Kemess Watershed.  This is the seventh year of the revised monitoring program that 
focuses on monitoring bull trout populations in the Kemess Watershed and in upper 
Tributary 4 above the constructed fishways.  Expanded adult surveys have also continued 
in Attichika Creek since 2012. 
 
The Kemess Watershed redd count in 2016 was 99, above the mean of 75 redds since 
counts were initiated in 1994.  Trend analyses continue to indicate a significant trend of 
increasing redd counts with time in the Kemess Watershed. 
 
Six bull trout redds were observed in South Kemess Creek below the Tailings Storage 
Facility (TSF) in 2016.  This is near the average count since the construction of spawning 
sites in South Kemess Creek in 1999.  Mean redd counts in South Kemess Creek since 
2000 have remained at approximately one-half the level of counts made prior to the 
construction of the TSF starting in 1996.  
 
Adult bull trout spawner use of South Kemess Creek has not been deterred by releases from 
the Tailing Sediment Pond (TSP) that included groundwater collections at the base of the 
TSF.  These releases were initiated in September 2013. 
 
Most of the constructed spawning sites in South Kemess Creek were judged to provide 
some potential spawning habitat in 2016.  Two of the six bull trout redds in South Kemess 
Creek were on constructed spawning sites. 
 
The North Kemess Creek redd count of 15 in 2016 was the second lowest count on record.  
Significant beaver dams were present in mainstem North Kemess Creek in 2016 presenting 
points of difficult passage and impassable barriers to adult bull trout moving upstream.  A 
beaver dam located 550 m upstream from the South Kemess Creek confluence was the first 
point of difficult passage.  Just over one-half of the bull trout redds in 2016 were 
downstream from this point.  
 
The past six years with low redd counts in North Kemess has reversed a significant upward 
trend in bull trout abundance that was evident up until 2010 to a point of no significant 
trend in 2016. 
 
The total of 78 redds observed in lower Kemess Creek in 2016 is the highest count in this 
section in 23 years of surveys, continuing a pattern of high counts in the lower creek, 
particularly in the past four years.  This is well above the average of 41 redds for the period 
of record.  Lower Kemess Creek redd numbers comprised nearly 80% of the overall 
watershed total, the highest proportion to date.  Lower Kemess Creek continues to show a 
strong trend of increasing redd numbers with time.   
 
Most of the increase in bull trout redds in lower Kemess Creek in the past 13 years has 
occurred in the lowermost 3-km long section of creek that is comprised of the canyon and 



fan section below the canyon.  This represents a nearly four-fold increase in numbers 
compared to the previous decade. 
 
Four bull trout redds were observed upstream from the fishways in Tributary 4 in 2016, 
including three redds upstream from the Ice Falls and a single redd located between the 
fishway and the beaver dams.  There has been an average of six redds annually since the 
fishway construction in 1999.  Bull trout redd numbers upstream from the fishways have 
still trended significantly upward since the fishway construction in 1999, but with reduced 
significance in 2016.  
 
Three beaver dams were present approximately one km upstream from the upper fishway 
in 2016.  These dams were first noted during the September 2015 redd surveys.  The 
presence of three bull trout redds upstream from the dams indicates some bull trout did 
move past the beaver dams.  
 
The four bull trout redds located in Tributary 4 in 2016 were on natural spawning sites.  
Few of the originally constructed sites are still functioning, and observations suggest that 
lack of suitable spawning sites are not limiting bull trout spawner use in this reach. 
   
Additional bull trout redd counts were conducted in Attichika Creek in support of the 
Kemess Underground Project (KUG) baseline fish studies in 2016.  Low redd counts in the 
main spawning section in the mid-reach of Attichika were confounded by the presence of 
beaver dams restricting access to this main spawning section.  Redd counts ground surveys 
were extended to a 3.3-km long section downstream from the beaver dam surveys in 2016.   
 
A final estimate of 31 redds in the mid-section of Attichika Creek was derived as 
representative of a comparable count to past estimates.  This is well below the mean 
estimate of 53 for all past years of surveys in this mid-reach. There is potential for error in 
this estimate introduced by modifying the survey section due to the beaver dams and visual 
difficulties in some of the sections in 2016.   A significant but reduced upward trend in 
bull trout redd numbers in the main spawning section of Attichika Creek was detected in 
2016. 
 
Additional ground surveys in the lowermost 5 km of Attichika Creek in 2016 indicated six 
bull trout redds were present in this section, all within 2 km of Kemess Creek.   
 
Data collected in the Kemess Watershed in the 2016 season indicates summer mean and 
maximum temperatures were comparable to past measurements at those locations with 
measurements available.  No spillway flows from the TSF occurred during 2016. 
 
Increased water temperatures throughout the 1.2 km length of lower South Kemess Creek 
during the winter coincide with the release of the TSP flows in this section starting in 2013.   
Mean water temperature increases in the uppermost section during the winter incubation 
period from 1.8 ˚C to 3.4 ˚C could accelerate bull trout egg development and reduce fry 
survival.   
 



Char fry densities in South Kemess Creek in 2016 were back to near the long-term average 
after two years of exceptionally low fry recruitment.  This year’s fry abundance follows a 
year of average spawning escapement to South Kemess in 2015 when five bull trout redds 
were present.   
 
Bull trout juvenile densities in lower South Kemess Creek in 2016 were in the mid-range 
of densities measured for the past decade. Bull trout parr were present at all four of the 
index sites and the 2016 results indicate juvenile bull trout were not avoiding South Kemess 
Creek habitats due to the TSP releases.  Overall bull trout juvenile densities since the TSF 
construction remain at approximately one-half the levels measured during the pre-
development period and analyses do not indicate a significant trend towards change in 
juvenile bull trout densities in South Kemess Creek since the development of the TSF to 
date.   
 
Yearling bull trout were present in the South Kemess Creek sample sites including in the 
mid-reach index sites in 2016.  This age class was mostly missing from the 2015 sample 
reflecting the very low fry abundance that occurred in 2014.  Past sampling in South 
Kemess Creek during years of poor fry recruitment prior to the spawning site construction 
in 1999 suggests that juvenile bull trout from downstream tributaries did not move 
upstream into mid-reach habitats in lower South Kemess Creek.  This year`s results suggest 
some yearling upstream movements may have occurred in 2016. 
 
The 130-m long constructed side channel adjacent to South Kemess Creek continues to 
provide suitable habitat for juvenile bull trout and Dolly Varden rearing. The 2016 bull 
trout densities in this channel were near the mean measured since 2003.  More char fry 
used this channel in 2016 compared to most past years.  
 
Char fry densities were near the long-term average in the three North Kemess Creek bull 
trout index sites in 2016.  More of the fry in these three lower index sites may be progeny 
of Dolly Varden reflecting the low abundance of bull trout spawners beyond the lowermost 
550 m due to beaver dam restrictions since 2014. 
 
Headwater North Kemess char fry abundances have dropped significantly from past years, 
reflecting the inability of Dolly Varden and bull trout spawners to get past beaver dams 
that have restricted access into the headwaters to spawn for the past four years. Fry densities 
were near average in the headwater seepage index site which is part of the core spawning 
habitat for Kemess Dolly Varden.   
 
Char fry densities in lower Kemess Creek were above average in mainstem habitats and 
lower than average in the sidechannel index sites in 2016.  Typically char fry densities in 
sidechannels exceed mainstem densities, but they have been comparable for the past two 
years. 
 
The age 1+ bull trout density in the Kemess Watershed in 2016 of 6 fish/100 m2 is close to 
the average measured since 1994.  These estimates are higher than those measured at index 
sites in Tributary 4 and in lower Attichika Creek.  



Linear mixed model effect analyses of fish data collected in South Kemess, North Kemess 
and lower Kemess creeks since TSF construction indicate there is no significant trend with 
time for char fry and juvenile bull trout densities. 
 
The 2016 sampling in Tributary 4 continues to indicate relatively low juvenile bull trout 
abundance compared to earlier sample years, and an increased presence of Dolly Varden, 
including spawners, in the headwater habitats in recent years. 
 
In conclusion, results of the fish monitoring studies in 2016 suggest that Kemess Creek 
supports healthy adult bull trout populations that are increasing around the Kemess Mine 
site and the lower sections of the watershed.  An increase in impassable beaver dams, 
particularly in North Kemess Creek has strongly influenced the distribution of adult bull 
trout and Dolly Varden spawners within the watershed, reducing access to suitable 
spawning and rearing area.   
 
The increase in beaver dam obstructions is also occurring in other Thutade Lake inlet 
streams including Tributary 4 and Attichika Creek.  The decline in Attichika redd counts 
in 2016 combined with the increase in lower Kemess Creek may reflect some Attichika 
bull trout moving into lower Kemess Creek for spawning in response to beaver dam 
obstructions upstream. 
 
It was assumed that increased water temperatures during the winter incubation period in 
South Kemess might be accelerating bull trout egg and alevin development presumably 
leading to the poor fry survival observed for the first two years following TSP releases in 
South Kemess Creek.  The 2016 higher fry abundances indicate poor survival does not 
occur every year with the TSP flows. The South Kemess fry were almost 12 mm larger 
than found in the period prior to the TSP releases and we assume this larger size reflects 
an earlier fry emergence leading to a longer growing season in 2016. 
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 1 

 INTRODUCTION 
 

Fish monitoring studies associated with development of the Kemess South Mine owned by 
AuRico Metals Inc.1 were conducted during the summer and fall of 2016.  These 
monitoring studies comprise a portion of the Fisheries Compensation Agreement (FCA) 
(Kemess Mines Inc. 1996) for the Kemess South Project developed by Kemess Mines Inc. 
in conjunction with Fisheries and Oceans Canada and the Ministry of Environment, Lands 
and Parks (MOELP) 2.   
 
Data collected since 1994 provides the background for monitoring adult and juvenile fish 
populations and their response to the development of the Kemess Mine.  Some construction 
activities were initiated in 19963, with the peak of construction during 1997.  The Kemess 
mine was operated for 13 years between 1998 and March 2011 when operations ceased 
and the mine moved into closure.  
 
Fisheries studies conducted up to 2009 included monitoring throughout the Thutade 
Watershed.  With the successful completion of most fisheries components of the 1996 
FCA, the fisheries monitoring program was modified in 2010 and is now part of a program 
focusing on the Kemess Watershed and Tributary 4 upstream from the fishway, and is 
addressing the remaining outstanding elements as laid out in the FCA4.  These include fish 
monitoring downstream from the flooded impoundment for five years after the spillway is 
in operation, testing the self-sustainability of bull trout spawning sites in South Kemess 
Creek and upper Tributary 4, and the continued operation of the constructed fishway.   
 
The revised program is coordinated with a modified EEM monitoring program (Hatfield 
Consultants 2016) and hydrometric studies (Beaudry et al. 2016; Beaudry et al. 2012).  This 
report presents the results of the seventh year of the modified program and integrates the 
results of the 2016 work with those studies conducted during the previous 22 years (Bustard 
1996 to 2016; and Bustard and Associates and Hallam Knight Piesold 1995).   
 
Direct flow releases from the Tailings Storage Facility (TSF) via the spillway have not yet 
occurred by the end of 2016. However, flow releases from the Tailings Sediment Pond 
(TSP) that includes groundwater collections at the base of the TSF were initiated in 
September 2013, and have led to some changes in water quality (Aurico Gold Inc. Kemess 
South Mine 2015) in stream sections downstream from the TSF.   The TSP releases have 
resulted in higher water volumes to lower South Kemess during low-flow periods in both 
the winter and late summer, and to warmer winter water temperatures (Bustard 2016). 
 
                                                 
1 Kemess Mine was acquired from Northgate Minerals by Aurico Gold Inc in 2011.  Aurico Gold merged 
with Alamos Gold in 2015 and Aurico Metals was spun out from this merger into a separate entity that 
operates the Kemess Mine.  
2 Presently part of two ministries:  BC Ministry of Forests, Lands and Natural Resource Operations and BC 
Ministry of Environment. 
3 Specific areas of construction during the summer of 1996 included installing a fence on lower South Kemess 
Creek preventing adult bull trout spawner access past the proposed location of the TSF. 
4 The revisions to the program are based on joint decisions made by the Kemess Fisheries Management 
Committee following a series of meetings between November 2009 and June 2010.    
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An expanded fisheries program encompassing the El Condor, lower Attichika and sections 
of the Attycelley watershed was undertaken in 2014 as part of the preparation of baseline 
studies for the Kemess Underground Project (KUG) as reported in Hatfield and Bustard 
(2015).  Expanded surveys were continued in Attichika Creek in 2016 and the results of 
some of the adult and juvenile surveys are included in this year’s report for completeness.  
Fish and aquatic studies were expanded into downstream locations on Thutade Lake and 
the Finlay River in 2015 and compiled historical information on the lake and updated field 
studies for the river and lake (ERM 2015a and b).  These reports form part of the EA 
submission for KUG that is presently under review. 
 
Dave Bustard, John Hagen, Ciara Sharpe and Kerrith McKay conducted the 2016 field 
surveys.  Data summaries and report preparation were undertaken by Dave Bustard.  Digital 
maps were prepared by Dennis Rasmussen of Tyhee Forestry Services.  Alana Clason 
conducted the statistical analyses.  The 2016 monitoring program was conducted with the 
support of Harold Bent of AuRico Metals Inc. and Jordan Evans and Katherine Atherton 
with the environment department of AuRico Metals Kemess Mine.  All fish sampling was 
conducted in accordance with the Ministry of Environment Permit #PG16-232562. 
 
 

HISTORICAL BACKGROUND 
 
Historically considerable effort was directed towards collecting fish information from 
outside the area of the Kemess Mine influence in the Thutade Watershed.  Sampling was 
undertaken in adjacent bull trout systems including Attichika and Attycelley creeks, Niven 
River, South Pass Creek and Tributary 4 (Figure 1.1).  These systems and Kemess Creek 
are the main bull trout spawning and rearing tributaries to Thutade Lake.  The multiple 
control locations combined with the before and after development measurements 
incorporated into the Kemess monitoring program has been an effective design for 
monitoring potential changes in adult and juvenile fish populations associated with the 
Kemess Mine (Paul and Bustard 2004).  The new reduced program initiated in 2010 
continues to include North Kemess and Attichika creeks (2012 onward) as controls, and 
will have the option of continuing to conduct some monitoring in the other watersheds if 
results warrant.  These other watersheds continue to provide important control 
opportunities for the Kemess Watershed.   
 
Early on, the Kemess study area was subject to considerable interest from the scientific 
community when both Dolly Varden and bull trout were present in sympatry in the Thutade 
Watershed (Baxter et al. 1997).  The Kemess studies were the first to record Dolly Varden 
in the Peace River drainage, and the first confirmation of natural hybrids between Dolly 
Varden and bull trout.  Research work on bull trout and Dolly Varden included genetic 
work describing hybridization between bull trout and Dolly Varden by Redenbach (2000) 
and char ecological niche separation studies as reported in Hagen (2000) and Hagen and 
Taylor (2001).  Studies also include an assessment of selenium effects on Dolly Varden 
reproduction in Waste Rock Creek (McDonald et al. 2010).  Bull trout information 
collected in the Thutade Watershed as part of the Kemess Mine monitoring has provided 
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an important addition to the provincial review of the status of bull trout populations in BC 
(Hagen and Decker 2011). 
 
Fish compensation initiatives were undertaken at Kemess Mine since 1996 (Figure 1.2).  
These projects include the salvage and transplant of Dolly Varden from impacted streams 
to barren systems, construction of three fishways on upper Tributary 4, development of 
bull trout spawning sites in lower South Kemess and upper Tributary 4, sidechannel 
development in South Kemess Creek, and the removal of impassable beaver dams on bull 
trout tributaries to the Niven River (Tributary 12 and 16).  Monitoring and maintenance of 
these projects was conducted annually until 2009.  Starting in 2010, the maintenance of 
spawning structures in South Kemess and Tributary 4 was stopped to determine whether 
bull trout continue to spawn in these systems without spawning site maintenance.  Fishway 
operation and fish monitoring continue in upper Tributary 4 to evaluate fish use of the 
compensation structures.   
 
This report is separated into two sections: 
 
Section 1 – Adult Fish Monitoring Studies 
Section 2 – Fry and Juvenile Fish Monitoring Studies 
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SECTION 1 – ADULT FISH MONITORING STUDIES  
 
1.1 OBJECTIVES  

 
1. To conduct adult bull trout redd counts in the Kemess Watershed to provide an 

index of annual variability of numbers and spawning locations and to compare these 
results to pre-development conditions.   

 
2. To assess adult bull trout presence in the stream section upstream from the 

constructed fishway on Tributary 4 relative to past use. 
 

3. To assess adult bull trout spawner use of the core spawning sections of the Attichika 
Watershed that serves as a reference creek for the Kemess Watershed and to extend 
these surveys to lower Attichika Creek to coordinate with KUG studies 

 
4. To assess bull trout adult use of constructed spawning sites in South Kemess Creek 

compared to natural sites.  
 

5. To collect detailed water temperature information at key bull trout spawning and 
rearing areas in the Kemess Watershed. 

 
 
1.2  METHODS 
 
1.2.1 Fish Compensation Structures  
 
No maintenance work was conducted on the constructed spawning sites in Tributary 4 and 
South Kemess Creek in 2016 to allow for an assessment of structure durability without 
maintenance.  These sites were examined during the annual redd surveys in September.   
 
 
Tributary 4 – Fishway and Constructed Spawning Sites 
 
Stop-log adjustments were made at the Tributary 4 fishways on August 18, 2016 to direct 
appropriate flows for adult upstream migration into the fishways.  Prior to this mid-August 
adjustment, flows were judged to be adequate to allow passage for adult bull trout past the 
fishways in 2016.  The date of the fishway opening coincided with the juvenile sampling 
program and was comparable to past years.  Past observations indicate that bull trout 
migrate into this section of Tributary 4 from mid-August onward. 
 
Some in-channel rock adjustments were made at the top of the lower fishway to increase 
flows into the fishway.  As well, some rocks were cleared at the base of a small slide into 
the middle of the lower fishway to improve access.  
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Stop-logs were opened to direct flows away from the upper fishway structure during the 
September 11th, 2016 redd surveys.  Stop-logs were not added to the lower fishway due to 
the already steepened approach at the top end.  Stop-logs were also left out at the top of the 
middle fishway in 2016.  No undermining was observed in the middle fishway in 20165. 
 
Maintenance of the originally constructed spawning sites was discontinued in 2010.  None 
of the originally constructed spawning sites in Tributary 4 offered potential spawning for 
bull trout in 2016.  The remaining sites had no potential due to scour of the gravel and 
small cobble bed materials in recent years, demonstrating that Tributary 4 is a high-energy 
system and spawning opportunities shift over time.  Observers judged sufficient spawning 
opportunities for bull trout were present in 2016 to support the populations presently 
utilizing the upper South Fork, especially upstream from the Ice Falls (Figure 1.1).  
 
Three beaver dams between 0.5 and 0.8 m in height were still present approximately 1 km 
upstream from the upper fishways in late August and September 2016.  These dams were 
constructed in the late summer of 2015. The presence of 3 redds upstream from these 
beaver dams suggests that the dams did not totally restrict bull trout spawner access to the 
upper reaches of Tributary 4 in 2016.  These dams were manually opened on August 18th 
and again on August 23rd coinciding with the bull trout migration period.  Beavers re-built 
the dams between opening periods. 
 
These dams will be monitored in 2017 to determine whether they hinder fish migration in 
upcoming years and whether the system is dynamic enough to scour them out during 
freshet events.  The 2016 spring freshet was very subdued based on discharge 
measurements during the spring freshet in the adjacent Kemess Watershed (Appendix 2 
Table 1).   
 
 
South Kemess Creek - Evaluation of Suitable Spawning Habitat on Constructed and 
Natural Sites 
 
Annual maintenance of the constructed spawning sites in lower South Kemess Creek was 
discontinued in 2010.  An assessment of suitability of the constructed spawning sites was 
undertaken during the early September redd surveys. Six of the original seven old 
constructed sites were noted as functioning (Appendix 1 Table 3) with some potential 
spawning habitat in 2016.  Site 10 was considered unsuitable to accommodate bull trout 
spawning due to coarse bed material.  The three newer spawning sites constructed in 2011 
in the old South Kemess channel were all providing potential spawning habitat at the time 
of the surveys but it was noted that the water velocities at these sites may have been too 
fast for spawner use at the time of the surveys.  
 
Surveys of total area of potential bull trout spawning habitat in South Kemess Creek were 
not undertaken in 2016.  The last surveys were undertaken in 2012 (Bustard 2013) in 
response to low spawner recruitment to South Kemess Creek in 2011.  The surveys at that 

                                                 
5 Undermining at the 6th drop in the middle fishway was repaired during the September 2014 surveys.  
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time indicated that adequate areas of potential bull trout spawning habitat were available 
to accommodate at least six pairs of bull trout spawners in lower South Kemess Creek.  
 
 
Sidechannel Maintenance 
 
The sidechannel intake was functioning well in 2016 following repairs in 2014.  Flows 
have been maintained at 60 l/s in 2016, approximately three times higher than discharge 
prior to 2014. 
 
 
1.2.2 Bull Trout Redd Counts  
 
Redd counts on all systems were conducted from September 7th to 12th 2016, similar dates 
to past surveys.  The surveys are timed to coincide with the end of the spawning period, 
when redd construction is complete but when some adult fish are still present near redd 
sites.   
 
One crew of two individuals conducted the redd surveys in 2016 with those sections 
included in the ground surveys shown in Figure 1.1.  GPS locations were recorded for bull 
trout redds with sites mapped using data derived from digital files (1:20,000 TRIM).  All 
work was completed using Arc Info. 
 
Bull trout redd surveys were conducted in the mid-reach of Attichika Creek for a fifth 
consecutive year.  The surveys extended from the historic start location upstream from the 
Thorne Creek confluence down past two beaver dams (Figure 1.3) that were complete 
blockages to upstream bull trout movements in 2014.   Surveys were extended downstream 
for an additional 3.3 kms to just upstream from the Attichika Bridge, encompassing the 
total extent of redds based on the past two years of aerial and ground surveys (Figure 1.1).  
The bull trout redd surveys in Attichika Creek were further expanded to include the 
Attichika Creek section from the Kemess Creek confluence to Thutade Lake to coincide 
with the KUG baseline fish studies.   
 
Redd surveys were not conducted in Tributary 3 of North Kemess in 2016 due to the 
presence of a grizzly bear along the study section during the study period. Downstream 
beaver dams have led to low numbers of bull trout spawners in the mid-reach of North 
Kemess near this tributary.  
 
The procedures used in the redd surveys and the criteria for redd identification were 
identical to those used in past years (Bustard 1996; Bustard and Associates and Hallam 
Knight Piesold Ltd. 1995).  A minimum size of 0.6 m by 1.0 m is needed for a site to be 
included as a bull trout redd.  A discernible pit and suitable gravel deposit at the tail of each 
redd must be present.  Smaller test digs are not included and very large redds (greater than 
1.0 by 3.0 m) may be counted as two redds depending upon pit and deposit configuration. 
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Trend analyses were used to determine the significance of apparent trends over time, and 
to estimate the magnitude of such trends.  The Mann-Kendall test for temporal trend 
(Hollander and Wolfe 1973) and Sen’s slope estimate (Gilbert 1987) were used to evaluate 
the trend in bull trout redd counts in each system over time.   
 
 
1.2.3 Water Temperature Monitoring at Key Bull Trout Spawning Sites 
 
Continuous monitoring of water temperatures near bull trout spawning sites was initiated 
in South Kemess Creek in August 2006, with the program expanded to key areas in other 
Thutade inlet spawning areas in 2007.  This program was reduced in 2010.  Temperature 
loggers were left in place at key spawning areas in the Kemess Watershed and in upper 
Tributary 4 above the fishway.  Loggers were removed in the other Thutade Watersheds 
on August 23, 2010 marking the end of temperature studies in the Niven, Attichika, and 
South Pass creeks (Figure 1.1). New Hobo loggers were installed at all locations during 
2015.  Water temperature records for Tributary 4 are not available for 2016 due to technical 
issues. Data for 2016 at some other sites is limited due to infrequent downloads. 
 
Data from the loggers provides a range of temperatures encountered in bull trout spawning 
and rearing areas in the Kemess Watershed and in Tributary 4 upstream from the fishways.  
The locations of the temperature logger sites that are in the Thutade Watershed (present 
and historical) are shown in Figure 1.1.  This figure includes additional loggers installed in 
Attycelley Creek and inlets as part of the KUG background environmental studies.  
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1.3  RESULTS AND DISCUSSION  
 

The 2016 discharge in lower Kemess Creek peaked at 7 m3/sec in late May (Appendix 2 
Figure 1 and Table 1).  The peak flow in lower Kemess Creek was lower than nearly all 
freshet peaks since 2008.  Streamflows during early August (1.5 m3/s) were in the mid-
range of past years while late August and September were in the upper range for the later 
portion of the bull trout migration and the spawning period in lower Kemess Creek, 
compared to past years (Appendix 2 Table 1).   
 
The peak discharges in South Kemess Creek are modified by the presence of the TSF and 
diversion structures upstream, and have ranged between 1.5 m3/s and 3.3 m3/s during the 
past nine years (Appendix 2 Table 1).  The 2016 peak spring freshet discharge of 1.5 m3/s 
was in the mid-range of historical data.  Peak daily discharge estimates for a 5-year return 
period prior to mine development were estimated to be approximately three times this level 
(Kemess Mines Inc. 1996).  For reasons not known, higher discharge releases were made 
just prior to the mid-August juvenile sampling in South Kemess Creek in 2016 (Appendix 
2 Figure 1). 
 
Peak flows of 5 m3/s in North Kemess in early June 2016 were low compared to most of 
the past nine years, and were not high enough to wash out beaver dams located on this 
system (Appendix 2 Table 1).  Corresponding low peak flows in Attichika Creek in 2016 
were insufficient to affect beaver dams present downstream from the key spawning section. 
 
South Kemess Creek discharge during the late August and early September bull trout 
migration and spawning period were near 0.5 m3/s in 2016, above flows of 0.3 m3/s 
considered adequate for bull trout spawner migration (Appendix 2 Figure 1).   
 
South Kemess Creek flows were supplemented with discharge from the TSP starting on 
September 7, 2013.  These additional flows continued through 2016 and led to relatively 
high winter flows and late summer/fall base flows in South Kemess Creek.  
 
Diurnal flow fluctuations introduced through the pumping from the TSP evident since the 
early fall of 2013 continued through 2016 (Appendix 2 Figure 1).   Although the discharge 
fluctuations appear high in the winter of 2016 the actual change in stage height and the 
potential for fish stranding is considered small.  
 
Viewing conditions for bull trout redds in 2016 were good at most locations reflecting 
moderate discharge conditions during the September survey period.   
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1.3.1 Bull Trout Redd Counts and Spawner Observations in the Kemess Watershed 
 
A total of 99 bull trout redds was counted in the Kemess Watershed in 2016, including 78 
redds in lower Kemess Creek, 15 redds in North Kemess Creek, and six redds in South 
Kemess Creek (Table 1.1).  The locations for the 2016 bull trout redd distribution are 
presented in Figure 1.3 with detailed survey results for the Kemess Watershed presented 
in Appendix 1 Tables 1 to 3. 
 
Highlights of the 2016 Kemess Creek redd counts are as follows: 
 
1.3.1.1 Overall Watershed 
 

• The 99 redds counted in 2016 is well above the mean of 75 redds since counts were 
initiated in 1994 (Table 1.1). The above average redd count largely reflects a high 
count in lower Kemess Creek, with the redd count well below average in North 
Kemess Creek.   

 
• The high 2016 bull trout redd count continues the pattern of high numbers during 

the past 12 years except in 2011 (Figure 1.4 and Table 1.1).     
 

• Trend analyses continue to indicate a strong trend (p=0.01) of increasing redd 
numbers in the overall Kemess Watershed for the 23 years of surveys (Table 1.2).  
 
 

1.3.1.2 South Kemess Creek 
 

• Six bull trout redds were present in South Kemess Creek in 2016 (Table 1.1).  This 
is near the average redd count in South Kemess Creek for all years of surveys.  The 
average count of redds for the 2000 to 2016 period6 (5 redds) is approximately one-
half of the number present in South Kemess prior to the TSF development (pre-
1996).  Prior to 1996 nearly all bull trout spawning and most of the juvenile rearing 
occurred in upstream habitats that were subsequently inundated by the TSF (Table 
1.4). 

 
• Two of the six bull trout redds in South Kemess Creek in 2016 were on constructed 

spawning sites (Figure 1.5).  The other four redds were located on natural streambed 
sites in the creek.  Since potential spawning sites for bull trout were constructed in 
South Kemess in 1999, approximately 70% of bull trout redds located in South 
Kemess Creek have been on the constructed sites (Table 1.3).  Since maintenance 
of the constructed redds has ended (2010), less than 50% of the redds are on 
constructed sites. Redd numbers have averaged near five redds per year for both 
time periods. 
 

                                                 
6 The bull trout spawning sites were developed in South Kemess Creek in the late summer of 1999.   
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Table 1.1   Summary of bull trout redd counts in the Kemess Watershed from 1994 to 2016. 
 

 
 

 
 
 
 
 

SECTION REDDS
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

Lower Kemess N 26 27 22 14 43 29 27 41 35 34 29 35 40 50 47 48 40 32 53 67 65 67 78 41
% 50 49 43 31 51 46 49 48 48 51 45 46 51 53 49 55 44 58 65 71 73 80 79 54

South Kemess N 9 10 5 0 0 0 3 7 6 4 3 5 4 5 6 5 9 1 6 4 7 5 6 4.8
% 17 18 10 0 0 0 6 8 8 6 5 7 5 5 6 6 10 2 7 4 8 6 6 7

North Kemess N 17 18 24 31 41 34 25 37 32 29 32 36 34 40 43 35 42 22 22 24 17 12 15 29
% 33 33 47 69 49 54 46 44 44 43 50 47 44 42 45 40 46 40 27 25 19 14 15 40

TOTAL N 52 55 51 45 84 63 55 85 73 67 64 76 78 95 96 88 91 55 81 95 89 84 99 75

South Kemess history:
1994 and 1995 - Pre-tailings dam period when all bull trout spawning occurred above the Mill Creek confluence (present upper extent of access in South Kemess Creek).
1996- A temporary fence restricted bull trout spawning to the stream section downstream from the tailings dam site.  
1997 to 1999 - Construction of the tailings dam.  Turbidity problems were presistent in South Kemess Creek during this period.
1999 Bull trout spawning sites were developed in South Kemess Creek in 1999.  Turbidity issues were brought under control.
2000 to 2010 - Spawning sites functional in lower South Kemess Creek.   August flow regime mananged to assist South Kemess Creek bull trout spawning migration. 
2010 - no further maintenance of constructed bull trout spawnning sites undertaken in South Kemess Creek. 
2011 - 3 additional potential bull trout spawning sites were constructed in the seepage channel old South Kemess channel upstream from disipator. 
Sept 2013.  Discharge from Tailing Recycle Pond that includes some seepage from tailings pond is now in process.  Base flows in South Kemess now higher year-round.
2014 onward - beaver dam in lower 1  km of North Kemess is restricting  bt access to upper sections.  
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Figure 1.4.  Summary of bull trout redd counts in the Kemess Watershed from 1994  
                    to 2016.   
 
Table 1.2.  Results of trend analysis (Mann-Kendal statistic) of number of bull trout  
                   redds in the Kemess Watershed from 1994 to 2016.  
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South 
Kemess 23 1994 to 

2016 0.08 32 0.133 

0.01 0.391 No 
0.05 0.296 No 
0.1 0.257 No 
0.2 0.202 No 

North 
Kemess 23 1994 to 

2016 -0.14 -18 -0.072 

0.01 0.391 No 
0.05 0.296 No 
0.1 0.257 No 
0.2 0.202 No 

Lower 
Kemess 23 1994 to 

2016 2.00 168 0.671 

0.01 0.391 Up 
0.05 0.296 Up 
0.1 0.257 Up 
0.2 0.202 Up 

Total 
Kemess 23 1994 to 
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Figure 1.5. The total number of bull trout redds in lower South Kemess Creek 

        built on constructed sites compared to natural streambed locations from 
        1994 to 2016. 
 

• Four of the six redds observed in South Kemess Creek in 2016 were in the mid-
section between 400 and 800 m upstream from the mouth (Appendix 1 Table 3a). 
This is a change from the historical distribution with more than 80% of the 86 redds 
in South Kemess Creek located in the upper 400 m of the 1200 m long creek section.  

 
• The presence of above average bull trout redd counts from 2014 to 2016 indicates 

that adult spawners are not avoiding South Kemess Creek due to the altered water 
quality conditions from TSP releases initiated in September 2013. 

 
• Observations during the spawning surveys suggest that six of the seven originally 

constructed spawning sites are still functioning (Appendix 1 Table 3) to some 
degree.  Site 10 was judged to be not functioning.   
 

• No redds were identified in 2016 on the newer constructed spawning sites 
established in July 2011 in the old South Kemess Creek channel.  Single redds have 
been present in this channel in two of the past four years.  Water velocities were 
high in this channel section in 2016.  
 

• A large male bull trout was observed dropping downstream out of South Kemess 
Creek on August 22th, 2016.  Streamflows in South Kemess on that day were near 
0.45 m3/s and were adequate for bull trout upstream migration during this period.  
A bull trout redd was observed 500 m upstream in South Kemess Creek on this 
date, suggesting an early date of spawning compared to most years.  Past 
observations suggest most bull trout spawning occurs during the last week of 
August and the first week of September, just prior to the adult surveys. 
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Table 1.3.  Summary of bull trout redds in South Kemess Creek established on 
       constructed and natural streambed sites since construction (1999) and  
       since the end of redd site maintenance (2010). 
 

Year Number of redds (%) South Kemess 
  Total Constructed Natural 

1999 0 0 0 
2000 3 2 1 
2001 7 6 1 
2002 6 6 0 
2003 4 3 1 
2004 3 3 0 
2005 5 4 1 
2006 4 2 2 
2007 5 3 2 
2008 6 6 0 
2009 5 5 0 
2010 9 4 5 
2011 1 1 0 
2012 6 2 4 
2013 4 3 1 
2014 7 2 5 
2015 5 4 1 
2016 6 2 4 

Total - all years 86 58 (67.4%) 28 (32.6%) 
Total 2010-16 38 18 (47.4%) 20 (52.6%) 

 
 

 
Figure 1.6.   Summary of bull trout redd counts in the Kemess Watershed during 
                      pre-construction period, mine construction phase, and during  
                      mine operation and closure phases.  Error bars represent ± 1 std. 
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Table 1.4.  Bull trout redd distribution by section in the Kemess Watershed from 1994 to 2016. 7 8 9 10 11  
 

 
 

                                                 
7 Each section is 400 m long. 
8 * indicates one redd added to account for unspawned female observed at the site. 
9 A log barrier restricting adult bull trout migration into upper North Kemess Creek was removed in Section 16 in 1996.  
10 A series of beaver dams constructed in 2012 restrict adult bull trout and Dolly Varden spawner movements into North Kemess Creek headwaters to present.   
11 ne indicates not examined. 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean 

LOWER KEMESS
1-8     ( Mouth to top of canyon) 5 9 4 *3 7 2 6 12 7 7 11 16 21 18 22 24 17 7 26 39 37 26 39 16.5
9-17   (Canyon to Arch) 20 16 15 9 33 22 15 24 22 19 15 17 18 28 24 21 15 22 25 26 19 31 31 21.2
18-23  (above Kemess Arch) 1 0 3 0 3 *5 6 5 6 8 3 2 1 4 1 3 8 3 2 2 9 10 8 4.0
Section 10 Creek ne 2 ne 2 0 0 0 0 0 0 0 0 0 0 ne ne ne ne ne ne ne ne ne 0.3
Totals for Lower Kemess 26 27 22 14 43 29 27 41 35 34 29 35 40 50 47 48 40 32 53 67 65 67 78 41.3

SOUTH KEMESS
1-4    (Kemess to Mill Creek) 0 0 0 0 0 0 3 7 6 4 3 5 4 5 6 5 9 1 6 4 7 5 6 3.7
5-9    (Mill to South Arm Creek) 1 2 5
>9     (Upper South Kemess) 6 7
1-6    (South Arm Creek) 2 1
Totals for South Kemess 9 10 5 0 0 0 3 7 6 4 3 5 4 5 6 5 9 1 6 4 7 5 6 4.8

NORTH KEMESS
1-7    (Confluence up to 2.8 km) 12 12 12 18 28 14 14 16 7 9 12 8 15 7 19 12 10 3 10 11 10 6 8 11.9
8-10 0 0 0 1 1 2 0 1 2 1 4 1 0 4 3 3 2 3 3 2 1 2 2 1.7
11-15 (Top ~200 above Trib 3) 5 5 8 5 10 13 5 6 11 11 8 4 8 15 12 11 14 9 4 8 3 2 5 7.9
16-19 0 0 0 1 0 0 2 5 0 1 0 5 1 3 2 0 0 3 2 1 1 1 0 1.2
20-24 (Headwater area ) 0 0 1 4 2 5 3 9 11 7 5 11 7 5 3 4 7 3 0 0 0 1 0 3.8
Trib 3 ne 1 3 *2 0 0 1 0 1 0 3 7 3 6 4 5 9 1 3 2 2 ne ne 2.7
Totals for North Kemess 17 18 24 31 41 34 25 37 32 29 32 36 34 40 43 35 42 22 22 24 17 12 15 28.8

NUMBER OF BT REDDS 

Tailings dam
No access - Tailings dam
No access - Tailings dam
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1.3.1.3 North Kemess Creek 
 

• The 15 redds counted in North Kemess in 2016 was the second lowest count on 
record (Table 1.4), following a low count in 2015.  The count did not include 
Tributary 3 in 2016 due to logistical constraints at site.  

 
• With bull trout redd counts in North Kemess declining since 2011, there is no longer 

a significant upward trend of increasing North Kemess bull trout redds in this system 
(Table 1.2 and Figure 1.4).  The upward trend persisted from 2006 (first trend 
analysis) to 2012. The most recent counts are below the counts made during the pre-
construction period (up to 1996).  

 
• Significant beaver dams remained present on the mainstem of North Kemess in 2016 

and continued to present points of difficult passage and impassable barriers to adult 
bull trout moving upstream (Figure 1.3 and Appendix 1 Table 2).  A beaver dam 
located 550 m upstream from the South Kemess Creek confluence was the first point 
of difficult passage.  The snow melt freshet peak was low in 2016 and inadequate to 
scour the beaver dams present in the mainstem creek (Appendix 2 Table 1).  
 

• Some adult bull trout spawned at locations for approximately 2.5 kms upstream 
(Figure 1.3). Seven redds were located above the lowermost beaver dam.  Stream 
discharge in North Kemess Creek were at mid-levels during the August migration 
period compared to the past nine years (Appendix 2 Table 1). 
 

• A single possible hybrid bull trout redd was present in the headwaters of North 
Kemess Creek in 2016 (Appendix 1 Table 2).  Bull trout spawners are typically 
unable to access this area due to downstream beaver dams constructed over the past 
six years (Figure 1.3).  This area has provided significant spawning habitat for bull 
trout in past years (Table 1.4). It was unclear if this was a hybrid redd or a Dolly 
Varden group spawning site and it was not included in the 2016 bull trout redd count.   
 

• The headwater beaver dams are also continuing to restrict Dolly Varden spawners 
from accessing core spawning areas in the headwater seepages.  In 2014 
approximately 185 maturing Dolly Varden spawners were observed in the upper 
reaches of North Kemess downstream from these dams during the September 13th 
redd surveys (Bustard 2015).  Similar aggregations were not noted in the 2015 and 
2016 surveys, but scattered Dolly Varden spawners and redds were noted 
downstream (Appendix 1 Table 2).  These observations continue to indicate that at 
least some of the Dolly Varden utilizing the North Kemess headwater seepages 
move up from downstream habitats and congregate in these headwater seepages to 
spawn.  These observations suggest many of these fish are not resident in the 
headwaters year-round. 
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1.3.1.4 Lower Kemess Creek  
 

• The 78 redds observed in lower Kemess Creek in 2016 represents the highest count 
in this section in 23 years of surveys (Table 1.4).  The 2016 count is well above the 
average of 41 redds for the period of record (Table 1.1).  Lower Kemess Creek redd 
counts comprised nearly 80% of the overall watershed total, comparable to the 2015 
results.   
 

• As in most past years, bull trout redds were mainly distributed throughout the lower 
6 kms of Kemess Creek from the Arch downstream (Table 1.4).  The 8 redds 
counted in the upper 3 km section from the South Kemess confluence to the Arch 
is an above average count in this section presumably reflecting bull trout spawners 
use of this section due to access difficulties in North Kemess Creek in 2016.   

 
• Trend analyses continue to indicate a significant (p=0.01) increase in bull trout redd 

counts in lower Kemess Creek over time (Table 1.2).  Redd counts in lower Kemess 
Creek have been significantly higher for the period of mine operation and early 
stages of closure (1998-2016) compared to the pre-construction period (1994-1995) 
(Figure 1.6).   

 
• Nearly 50% of the 78 redds counted in 2016 in lower Kemess Creek were in the 3-

km long section in the lower canyon (Table 1.4).  Except for 2011, most of the 
increase in bull trout redds in lower Kemess Creek in the past 13 years has occurred 
in this lowermost section of creek.  Redd numbers in this section have increased 
nearly four-fold in this period compared to the average of the previous period.  
 

• This is a section of active channel aggradation and erosion (Beaudry 2009), and 
additional bed materials in parts of this stream section may have led to more 
suitable spawning opportunities than historically present (John Hagen, pers. 
comm.12)  A shift towards smaller bed material in this section may reflect the 
moderating influence of the TSF on peak discharge compared to historic peak flows 
in lower Kemess Creek.  
 

• There may also be some influence from beaver dams creating difficult passage in 
the mid-reach of Attichika Creek, resulting in some Attichika bull trout spawners 
shifting to lower Kemess Creek.  
 
 
 
 
 
 
 

                                                 
12 Mr. Hagen has been involved in all bull trout redd surveys in this stream section for the past 23 years. 
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1.3.2 Bull Trout Redd Counts and Spawner Observations in Tributary 4 Upstream 
from the Fishway 

 
• Four bull trout redds were present in the South Fork of Tributary 4 upstream from 

the fishways in 2016 (Table 1.5).  This is below the average of six redds counted 
for this section since fishway construction in 1999.  Detailed information for the 
2016 counts is included in Appendix 1 Table 4. 
 

• Three of the four redds were located upstream from the Icefalls at the very top end 
of the accessible reach (Figure 1.3 and Appendix 1 Table 5).  This is the 10th 
consecutive year that bull trout redds have been present above the Icefalls, 
indicating this headwater section is consistently contributing to bull trout 
production in the compensation section of Tributary 4. 
 

• A single redd was present in the 2-km long section from the fishways to the Icefalls. 
This redd was downstream from the beaver dams located one km upstream from 
the fishways (Figure 1.3).  

 
• The number of bull trout redds in the section upstream from the fishway has trended 

significantly upward (p=0.05) since bull trout were introduced to this section in 
1999 (Table 1.7).  However, the significance level was reduced from past 
measurements reflecting the lower redd numbers in 2016. 
 

• None of the four redds located in the South Fork of Tributary 4 in 2016 were built 
on constructed sites (Figure 1.7).  None of the original constructed sites offered 
potential spawning habitat in 2016 (Appendix 1 Table 4). The original seven 
constructed spawning sites were all located between the fishways and the Icefalls.  
Additional sites were added as part of the annual maintenance conducted up to 
2010.  

 
• Most (70%) of the 108 redds identified upstream from the fishway since 1999 have 

been on natural streambed sites (Table 1.6).  Field observations suggest that the 
suitability of the constructed sites in Tributary 4 has declined over time due to 
erosional processes.  Potential bull trout spawning sites in the stream section do not 
appear to be limiting bull trout spawners in the upper watershed, as many streambed 
areas not utilized appeared suitable, especially in the uppermost headwater sections.  

 
• Three beaver dams that were present approximately one km upstream from the 

fishways since 2015 may have hindered spawner access to upstream areas (Figure 
1.3).  The three redds located at the very top of the system may have been early fish 
able to pass the dams at moderate flows. A male bull trout spawner was observed 
in the pond between the first and second dam on August 18 just prior to when the 
dams were opened to assist adult upstream passage.  A pair of bull trout spawners 
were noted in the middle fishway on August 23rd.   
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Table 1.5.  Summary of adfluvial bull trout redd counts in the Thutade Watershed from 1994 to 2016. 
 

 
 
 
* Includes an assumed redd for each unspawned female during the final surveys. Surveys from 2001 onward were conducted approximately a week later than earlier surveys resulting 
in few unspawned females and more precise estimates.        
**Incomplete redd surveys were conducted in the Attichika in 1994.            
*** The count in South Pass Ck. was limited due to the early survey date and the presence of many unspawned fish.  The 1995 count represents a minimum estimate.    
****The count in South Pass Ck. in 2002 and 2003 represent minimum estimates due to poor survey conditions. 

Mean does not include incomplete estimates as noted above.  Attycelley counts not included in the total.           
ne = no estimate P = BT present                   
Suspected hybrid redds not included in the above count.                
Surveys from 2001 onward were conducted approximately a week later resulting in few unspawned females and more precise estimates.     
In 2014 access to the mid-reach section of Attichika Creek was blocked by beaver dams allowing limited access.  Counts included redds 
downstream from dams. The 2015 and 2016 Attichika Creek count was adjusted due to beaver dam leading to access difficulties to traditional mid-
section.  Includes counts to 1.1 km d/s from Thorne     
   

SYSTEM 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean 
Attichika Ck >23** 57 56 44 76 75 63 55 60 59 65 52 71 58 74 47 ne ne ne ne ne 60.8

Attichika - mid 41 40 40 63 64 47 50 57 56 59 45 67 53 64 42 62 56 57 67 31 53.1
Attichika - lower 5 7 6 6.0
Niven River P 39 46 55 75 52 55 70 47 41 46 57 56 42 68 61 ne ne ne ne ne 54.0
South Pass P >10*** 20 26 33 20 23 33 >13****>7**** 17 14 27 21 28 21 ne ne ne ne ne 23.6
Tributary 4 P 14 9 15 8 9 12 9 9 10 17 18 15 14 23 18 ne ne ne ne ne 13.3
Trib 4 above fishway access in 1999 1 4 0 3 7 4 8 4 5 11 11 6 8 10 8 6 9 4 6.1
Attycelley P P 5 9 9 6 8 5 5 ne ne ne ne 6.7
Kemess Ck

South 9 10 5 0 0 0 3 7 6 4 3 5 4 5 6 5 9 1 6 4 7 5 6 4.8
North 17 18 24 31 41 34 25 37 32 29 32 36 34 40 43 35 42 22 22 24 17 12 15 28.8
Lower 26 27 22 14 43 29 27 41 35 34 29 35 40 50 47 48 40 32 53 67 65 67 78 41.3
Total 52 55 51 45 84 63 55 85 73 67 64 76 78 95 96 88 91 55 81 95 89 84 99 74.8

Kemess % of Total 31.4 28.0 24.3 30.4 28.8 26.4 33.7 36.1 36.4 30.6 30.6 28.3 41.3 33.2 36.0 ne ne ne ne ne ne ne 31.7

TOTAL ne >175 182 185 276 219 208 252 >202 >184 209 217 247 230 289 235 ne ne ne ne ne ne ne 227

ne

Total Redd Count*

ne

ne
ne
ne

ne

ne
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Table 1.6.  Number of bull trout redds in the South Fork of Tributary 4 above  
                   the fishways for the period 1999 to 2016. 
 

Year Tributary 4  
  Total above Fishway # on Constructed Not constructed 

1999 1 1 0 
2000 4 3 1 
2001 0 0 0 
2002 3 3 0 
2003 7 5 2 
2004 4 1 3 
2005 8 5 3 
2006 4 2 2 
2007 5 0 5 
2008 11 2 9 
2009 10 6 4 
2010 6 1 5 
2011 8 3 5 
2012 10 0 10 
2013 8 0 8 
2014 6 0 6 
2015 9 0 9 
2016 4 0 4 
Total 108 32 76 

%   29.6 70.4 
 

 

 
 
Figure 1.7.  Summary of total number of bull trout redds in the South Fork of 
                    Tributary 4 located upstream from the fishway since 1999 on 
                    constructed and natural streambed sites.   
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Table 1.7.  Results of trend analysis (Mann-Kendal statistic) of number of bull trout  
                   redds in the mid-reach of Attichika Creek13 and in the South Fork of  
                   Tributary 4 upstream from the fishway up to 2016. 
 

Sen's 
Slope 

Estimator 

Waterbody Number of 
Observations 

Range 
of 

Years 

Slope 
(units/ 
year) 

Mann 
Kendall 
Statistic 

Tau Alpha  Critical  Significant 

Tributary 4- 
above 

fishway 
18 

1999 
to 

2016 
0.37 62 0.421 

0.01 0.451 No 

0.05 0.346 Up 

0.1 0.294 Up 

0.2 0.242 Up 

Attichika 20 
1995 

to 
2016 

0.71 48 0.255 

0.01 0.421 No 

0.05 0.326 No 

0.1 0.274 No 

0.2 0.221 Up 

 
 
 
1.3.3 Adult Bull Trout Studies in Attichika Creek 
 
In addition to the standard bull trout redd surveys in the middle reach of Attichika Creek, 
additional studies of adult bull trout were undertaken during the 2016 field season in 
response to beaver activity at the bottom end of the main survey section and to support the 
KUG baseline application.  These studies included extended adult redd surveys below the 
Thorne Creek confluence and in the lowermost reach of Attichika Creek downstream from 
Kemess Creek to Thutade Lake (Figure 1.1).  
 
1.3.3.1 Redd Counts 
 

• As in the 2015 surveys, the extent of bull trout redd counts in Attichika Creek was 
expanded in 2016 due to beaver dams creating points of difficult passage located 
below the main spawning section in the mid-reach of Attichika Creek upstream 
from Thorne Creek (Figure 1.3).   

 
• Bull trout redd surveys were conducted in the standard 3-km long section in the 

mid-reach of Attichika Creek in 2016.   A total of 26 redds were identified in this 
section (Appendix 1 Table 6).  These fish had moved around points of difficult 
passage (two large beaver dams).  
 

• The survey was then extended from the lower beaver dam located 350 m upstream 
from the Thorne confluence down to a location 3.3 kms below Thorne Creek.  
These surveys cover those areas of potential bull trout spawning identified in 2014 
where spawning could occur if the traditional upper section was not accessible 
(Appendix 1 Tables 6 and Figure 1.3).   

                                                 
13 It should be noted that there are gaps in the continuous data set (2010 and 2011) that might affect results. 
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• In total, the surveys estimated 45 bull trout redds in the mid-reach of Attichika 
combining all surveys above the Kemess Creek confluence (Table 1.8).  
 

• The mid-Attichika redd count was adjusted to 31 redds based on corrections as in 
2014 as outlined in Table 1.8.  This is considerably lower than the mean of 53 redds 
estimated for all years of surveys in the mid-reach of Attichika Creek (Table 1.5), 
and is the lowest count ever in Attichika Creek. 
 

• The mid-reach of Attichika Creek has historically had a high abundance of bull 
trout redds (Table 1.5) and serves as a control watershed to monitor redd abundance 
away from the mine site.  The counts were stopped in 2010 as part of an overall 
reduced monitoring program at Kemess South but were resumed in 2012 in 
response to the low bull trout redd count in the Kemess Watershed in 2011. 

 
• Analyses suggest there may be a trend upward in bull trout redd counts (p=0.2) 

reflecting higher counts in this system in recent years, but not 2016 (Table 1.7).  
Estimates since 2014 are confounded by the extended surveys due to beaver activity 
as outlined above. 
 

Table 1.8.  Summary of bull trout redd counts in Attichika Creek in 2016. 
 

 
 

• Error in the 2016 estimate is introduced by several factors.  The 2016 counts were 
adjusted by excluding the historical average for the section from Thorne 
downstream (3 redds based on counts from 1994 to 2009 in Bustard 2010).  This 
adjustment may be low since redds counted in the section from the beaver dam 
down to Thorne Creek have historically not been included in the count.  Redds 
counted from 1.1 km downstream from Thorne Creek to the Attichika bridge (11 
redds) were not included in the mid-reach estimate (Table 1.8). 

 
• The 2016 streamflows were moderate to high during the redd surveys and viewing 

conditions were compromised in the mainstem section downstream from the 
Thorne Creek confluence compared to most past years.  This could lead to a lower 
count in this section.  
 
 

Section Method Number Method Number Method Number
Standard survey section in mid-reach of Attichika Ground 3 Ground 42 Ground 26
Mid-reach from beaver dam at 350 m to 1.1 km below Thorne Ground 57 Ground 28 Ground 8
From 1.1 km d/s Thorne to Attichika bridge Aerial 10 Ground 13 Ground 11
From Attichika bridge to Kemess confluence Aerial 0 ne ne
Total 70 83 45
Mean count Thorne Creek d/s for 1.1 km (1994 to 2009) Ground 3 3 3
Estimate standard survey + lower mid-reach minus historical count 57 67 31
Kemess confluence to Thutade Lake Ground 5 Ground 7 6

Aerial 4
ne=not examined

2014 2015 2016
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• Additional ground counts were conducted on the lower 5 km section of Attichika 
Creek as part of the KUG baseline studies in 2016 (Appendix 1 Table 6).  In total, 
six redds were counted in this section with four redds located in a short section 
approximately 600 m downstream from the Kemess Creek confluence (Appendix 
1 Table 6) and upstream from the proposed treated water discharge location (Figure 
1.3). 
 

• More detailed spawning habitat assessments and bull trout redd site summaries in 
lower Attichika Creek prepared for the KUG baseline assessments are presented in 
Appendix 1 Table 8a and 8b. 
 

 
1.3.4 Water Temperatures at Selected Thutade Bull Trout Spawning Locations 
 
Due to the importance of water temperatures to bull trout, a comprehensive water 
temperature monitoring program was initiated at 10 key bull trout spawning and rearing 
locations in the Thutade Watershed (Figure 1.1) in 2007 and was continued at most of these 
sites until late August 2010.  Since that date, water temperature monitoring has continued 
at five Kemess Watershed sites and at the site upstream from the fishways in Tributary 4.   
 
Temperature loggers were replaced at all locations in 2015.  Data is not available for four 
of the six logger locations past late June 2016 due to infrequent site visits after this date, 
and should be available in the upcoming year.   
 
 
1.3.4.1 Summer Water Temperatures  
 
Maximum water temperature during the summer period has consistently been reported as 
a critical variable determining health and presence of bull trout (Haas 2001; Dunham et al. 
2003; Nelitz et al. 2008).  Bull trout are cold-water specialists and sensitive to temperature 
increases that can lead to community displacement by cool-water specialists like rainbow 
trout (Nelitz et al.  2008).  Haas (2001) reports that bull trout are typically not found in 
streams where maximum water temperatures exceed 16 ºC, and compete poorly with 
species like rainbow trout when water temperatures exceed 14 ºC.   However, a review by 
Dunham et al. (2003) notes that bull trout can survive chronic exposure to temperatures up 
to 20 °C for periods of time.   
 
A gathering of water temperature experts for the province of BC determined that maximum 
weekly average temperature (MWAT) is a suitable metric to characterize stream 
temperature regimes (Nelitz et al. 2008), particularly as a predictor of fish community 
response to temperature change.  Based on their review, we have included a summary of 
the MWATs for the 10 years of temperature information collected at the various Thutade 
sites (Table 1.9) in addition to figures summarizing maximum (based on hourly readings) 
and mean monthly water temperatures (Figure 1.8) for those streams with available 
information.  
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Figure 1.8.  Summary of mean and maximum monthly water temperatures (C) in key bull trout spawning and rearing  
                    sections of Thutade Lake inlet streams.
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Patterns to note after 10 seasons of water temperature monitoring include the following: 
 

• Maximum monthly water temperatures at the two coldest Kemess Creek locations 
(upper North Kemess and South Kemess near Mill Creek were in the 10-12 ºC range 
in 2016 (Figure 1.8).  Maximum water temperatures of 12 ºC were higher in South 
Kemess compared to most past years. Highest water temperatures typically occur 
during the mid-July to mid-August period and coincide with hot sunny days and low 
late summer discharge.  Historical data indicates there is a considerable range in 
maximum water temperatures amongst the bull trout spawning tributaries of 
Thutade Lake (Figure 1.8).  The highest temperature recorded at any Thutade 
locations was 24 ºC in South Pass Creek in 2009.    

 
• Mean monthly summer water temperatures in upper South Kemess Creek exceeded 

8 ºC in 2016, comparable to other years with available data (Figure 1.8). This was 
the third year of TSP releases supplementing South Kemess discharge. Temperature 
data at the South Kemess near Mill Creek site is collected a short distance 
downstream from the TSP release location.  
 

• Mean weekly average temperatures (MWATs) were below the range of potential 
threshold shifts for cold-water fish communities such as bull trout at the two 
Kemess locations with complete temperature records for 2016 (Table 1.9)14.  
MWATs for upper South Kemess Creek at 9.8 ºC were close to the 10 ºC potential 
threshold.   
 

Table 1.9.  Summary of maximum weekly average water temperatures (°C) in  
                   Thutade bull trout spawning tributaries from 2007 to 201615. 
 

 
 
 
 
 

                                                 
14 i.e., MWATs in the range of 10 to 12.5º C 
15 Na indicates data not available either due to discontinued program, equipment malfunction or download 
still to be undertaken. 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean 
Lower South Kemess 7.4 8.2 9.9 8.9 7.5 8.6 9.7 9.0 9.6 na 8.8
South Kemess near Mill Ck 7.4 8.2 na 9.4 7.5 na 9.4 8.8 na 9.8 8.6
Attichika 11.0 10.4 12.8 11.6 na na na na na na 11.4
Niven Trib 16 8.3 9.1 11.7 11.4 na na na na na na 10.2
Lower Niven 11.8 12.8 na na na na na na na na 12.3
Trib 4 above fishway 7.8 8.9 10.4 11.4 8.4 9.6 11.1 11.9 10.0 na 9.9
South Pass 10.7 13.6 17.5 15.7 na na na na na na 14.4
Upper North Kemess 5.3 5.3 na 5.7 7.5 na 5.8 6.1 5.9 5.6 5.9
Lower North Kemess 7.5 8.1 9.9 10.1 8.0 9.7 9.9 11.1 10.5 na 9.4
Kemess Arch 7.8 8.7 11.4 11.3 8.3 9.9 10.4 na 10.7 na 9.8

MWAT - Maximum weekly average temperature
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• The coldest mean monthly temperatures during the summer period typically occur in 
the upper reaches of North Kemess Creek.  Mean monthly water temperatures at this 
site have been less than 6 ºC for all years (Figure 1.8).  Water temperature studies 
conducted in upper North Kemess Creek between 2001 and 2004 indicated that small 
spawning seepages adjacent to the mainstem were warmer than the mainstem during 
both the winter and summer periods (Bustard 2006b). 

 
• Mean water temperatures during the bull trout spawning period16 in the two spawning 

sections with data for 2016 are comparable to past measurements, and have ranged 
from 4 to 7 ºC for most years (Table 1.10).  Historical data indicates that other bull 
trout tributaries to Thutade Lake including Attichika and South Pass creeks had higher 
water temperatures during the bull trout spawning period.  

 
• Mean water temperatures during the bull trout spawning period in lower South Kemess 

are similar for years prior to the TSF construction compared to the post-construction 
period, and have averaged near 7 ºC for all years combined (Table 1.11).  Mean water 
temperatures during the spawning period are similar in the affected stream (lower South 
Kemess) to the reference stream (lower North Kemess). 

 
Table 1.10. Comparison of mean water temperatures (°C) during the bull trout 

        spawning period in Thutade bull trout spawning tributaries for the  
        period 2007 to 2016. 
 

 
 

 
1.3.4.2 Winter Incubation Water Temperatures  
 

• Winter incubation temperatures in upper South Kemess Creek were high compared 
other locations and to historical measurements conducted from 2007 to 2013. 
(Figure 1.8 and Appendix 2 Table 2).  Up until 2013 the mean winter water 
temperatures for the bull trout egg/alevin incubation period in upper South Kemess 
near Mill Creek had consistently been near 2 ºC or lower (Table 1.12).   

 
 

                                                 
16 The spawning period extends from August 25th to September 7th.   

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean 
Lower South Kemess 6.7 6.6 6.6 6.3 5.1 7.4 8.0 7.1 6.3 na 6.7
South Kemess near Mill Ck 6.8 6.9 na 7.4 5.9 na 8.0 7.2 na 7.3 7.1
Attichika 8.7 8.1 9.2 na na na na na na na 8.7
Niven Trib 16 6.0 5.2 7.8 na na na na na na na 6.3
Lower Niven 7.8 7.6 na na na na na na na na 7.7
Trib 4 above fishway 5.2 5.0 7.3 6.5 5.7 7.2 8.5 7.4 5.3 na 6.5
South Pass 9.7 9.5 11.3 na na na ns na na na 10.2
Upper North Kemess 4.0 4.0 na 4.2 4.4 na 4.9 4.5 4.4 4.7 4.4
Lower North Kemess 5.5 5.3 6.3 5.8 5.9 7.6 8.1 7.4 5.9 na 6.4
Kemess Arch 6.1 6.0 8.0 7.6 6.6 8.1 na na 6.2 na 6.9

Mean water temperatures during spawning period.
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Table 1.11.  Mean water temperature (°C) during the bull trout spawning  
                     period17 comparing lower South Kemess (affected) and lower North 
                     Kemess (reference) creeks pre- and post-TSF and post-TSP 
                     releases. 

 

 
 
 

• Since the TSP releases into South Kemess Creek starting in September 2013, the 
winter water temperatures in upper South Kemess Creek near Mill Creek increased 
from a mean of 1.8 ºC to 3.4 ºC (Table 1.12).   
 

• The warming effect from the TSP discharge has extended to lower South Kemess 
Creek where water temperatures have increased from a mean of near 1.1 ºC to 2.6 
ºC during the incubation period (Table 1.12).  
 

• Preliminary data suggests a small warming effect extending downstream into lower 
Kemess Creek at the Arch, but winter water temperature measurements have been 
inconsistent at this location. 
 

• Studies by Williamson (2006) on the nearby Davis River on Williston Reservoir 
indicate that small changes to winter water temperatures can lead to significant 
changes to the winter incubation environment of bull trout. The studies showed that 
winter temperature changes may disrupt the timing of bull trout egg and alevin 
development, duration of incubation, size of fry at emergence and ultimately long-
term reproductive success of bull trout populations.  These studies have direct 
relevance to bull trout spawning in South Kemess Creek. 
 

• Accumulated temperature units (ATU) provide a measure of the potential rate of 
egg development with increasing water temperature.  With the 1.6 ˚C increased 
water temperatures, the estimated ATUs for the bull trout incubation period for the 
upper sections of South Kemess Creek have nearly doubled since the releases were 
initiated (Table 1.12).  Williamson (1996) tested the effects of a 1.5 ºC increase in 
incubation of bull trout eggs from the Davis River.  He estimated that the ATU’s 
would increase from 390 to 604 ATUs with this change, and demonstrated that such 
an increase could lead to significantly poorer bull trout survival due to premature 
emergence of fry in poorer condition into unsuitable rearing conditions. 
 
 
 

                                                 
17 Spawning period extends from August 25 to Sept 7 

Time Period
Lower South Kemess Lower North Kemess 

Pre-TSF (1994-95) 6.5 5.2
Post TSF (1999-2013) 6.6 6.3
Post TSP releases (2014-2016) 6.7 6.7
Mean all years 1994 to 2016 6.6 6.3

Mean Water Temperature ( C)
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Table 1.12.   Summary of bull trout incubation period water temperatures in South 
                      Kemess Creek pre- and post-TSP discharge18. 
 

 
 

• Warmer water temperatures measured at the upper South Kemess site were 
expected to decrease with distance downstream in the South Kemess system.  
Temperature data for lower South Kemess Creek indicate that although water 
temperatures of 2.6 ˚C are lower than in the upper reach, water temperatures are 
more than twice as high as the 1.1 ˚C measured pre-TSP releases (Table 1.12) and 
exceed the mean incubation temperatures of other Thutade bull trout spawning 
streams (Appendix 2 Table 2).   
 

• The temperature increase at both the upper and lower South Kemess sites are 
comparable to 1.5 ºC increase tested in Williamson’s experiments.  The results 
suggest that the warmer incubation temperatures with the TSP discharge have the 
potential to effect developing bull trout eggs in South Kemess Creek.  
 

• Nearly 80% of 86 bull trout redds constructed in South Kemess Creek since 2002 
have been in the upper 400-m section of the creek in the zone of highest incubation 
temperatures (Appendix 1 Table 3a).  More bull trout spawning occurred in the 
mid-section of lower Kemess Creek in 2016. 
 

 
 
 
 
 
 
 
 
 
 

                                                 
18 ATU refers to Accumulated Temperature Unit and is equivalent to 1°C for one day.  

Time Davis R Davis R + 1.5 ˚C
period Pre-TSP Q Post- TSP Q Pre-TSP Q Post- TSP Q experiment

2007-2008 1.6 0.9
2008-2009 1.8 1.1
2009-2010 1.8
2010-2011 1.7
2011-2012 1.8 1.1
2012-2013 2.1 1.1
2013-2014 3.5 2.4
2014-2015 na 2.8
2015-2016 3.4 2.7
Mean temp 1.79 3.43 1.05 2.62

ATU 434 829 254 633 390 604

Upper South Kemess Lower South Kemess
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1.4 SUMMARY AND CONCLUSIONS – ADULT FISH 
 

• The 2016 surveys represent the 23rd consecutive year of complete bull trout redd 
counts in the Kemess Watershed.  This is the seventh year of the revised monitoring 
program that focuses on monitoring bull trout populations in the Kemess Watershed 
and in upper Tributary 4 above the constructed fishways.  Expanded adult surveys 
have also continued in Attichika Creek since 2012. 

 
• The Kemess Watershed redd count in 2016 was 99, above the mean of 75 redds 

since counts were initiated in 1994.  Trend analyses continue to indicate a 
significant trend of increasing redd counts with time in the Kemess Watershed.  

 
• Six bull trout redds were observed in South Kemess Creek below the TSF in 2016.  

This is near the average count since the construction of spawning sites in South 
Kemess Creek in 1999.  Mean redd counts in South Kemess Creek since 2000 have 
remained at approximately one-half the level of counts made prior to construction 
starting on the TSF in 1996. 
 

• Most of the constructed spawning sites in South Kemess Creek were judged to 
provide some potential spawning habitat in 2016.  Two of the six bull trout redds 
in South Kemess Creek in 2016 were on constructed spawning sites.  
 

• The release of TSP water into South Kemess Creek was continued through 2016 
and has led to higher base flows in the creek during the winter and late summer 
low-flow period. The average bull trout redd count recorded in 2016 suggests that 
adult spawners were not avoiding South Kemess Creek post-TSP releases.  
 

• The North Kemess Creek redd count of 15 in 2016 was the second lowest count on 
record.  Significant beaver dams were present on the mainstem of North Kemess in 
2016 presenting points of difficult passage and impassable barriers to adult bull 
trout moving upstream.  A beaver dam located 550 m upstream from the South 
Kemess Creek confluence was the first point of difficult passage.  Just over one-
half of the bull trout redds in 2016 were downstream from this point.  
 

• The past six years of low redd counts in North Kemess has reversed a significant 
upward trend (p=0.01) in bull trout abundance that was evident up until 2010 to no 
significant trend in 2016. 
 

• The total of 78 redds observed in lower Kemess Creek in 2016 is the highest count 
in 23 years of surveys, continuing a pattern of high counts in the lower creek in the 
past four years.  This is well above the average of 41 redds for the period of record.  
Lower Kemess Creek redd numbers comprised nearly 80% of the overall watershed 
total.  Lower Kemess Creek continues to show a strong trend of increasing redd 
numbers with time (p=0.01).   
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• Except in 2011, much of the increase in bull trout redd numbers in lower Kemess 
Creek in the past 13 years has occurred in the lowermost 3-km long section of creek 
that is comprised of the canyon and fan section below the canyon.  This represents 
a nearly four-fold increase in numbers compared to the previous decade. An 
increase in redd numbers in all sections of lower Kemess creek has occurred in the 
past two years and may reflect poor spawner access to North Kemess Creek and the 
mid-reach of Attichika Creek. 

 
• Four bull trout redds were observed upstream from the fishway in Tributary 4 in 

2016, including three redds upstream from the Ice Falls and a single redd below the 
beaver dams.  There has been an average of six redds annually since the fishway 
construction in 1999.  Bull trout redd numbers upstream from the fishways have 
still trended significantly upward since the fishway construction in 1999, but with 
reduced significance in 2016 (p=0.05).  

 
• Three beaver dams were present approximately one km upstream from the 

uppermost fishway.  These dams were first established in September 2015.  The 
presence of three redds upstream from the dams in 2016 indicates some bull trout 
migrated past the beaver dams.   
 

• All four redds located in the Tributary 4 in 2016 were on natural sites.  Few of the 
originally constructed spawning sites are still functioning, and survey observations 
suggest that lack of suitable spawning sites are not limiting bull trout spawner use 
in this reach.   

 
• Additional bull trout redd counts were conducted in Attichika Creek in support of 

the KUG baseline fish studies in 2016.  Counts of 26 redds in the main spawning 
section in the mid-reach of Attichika were confounded by the presence of beaver 
dams restricting access to the main spawning section.  Redd counts were extended 
to a 3.3-km long section downstream from the beaver dams using ground surveys 
in 2016.   

 
• A final estimate of 31 redds in the mid-section of Attichika Creek was derived as 

representative of a comparable count to past estimates.  This is well below the mean 
of 53 for all past years of surveys in the mid-reach.  There is some potential error 
in this estimate introduced by modifying the survey section to include areas below 
the beaver dams and visual difficulties in some sections in 2016.  

 
• Additional ground surveys in the lowermost 5 km of Attichika Creek in 2016 

indicated six bull trout redds were present in this section, all within 2 km of Kemess 
Creek.   
 

• A significant but reduced upward trend (p=0.2) in bull trout redd numbers in the 
main spawning section of Attichika Creek was detected in 2016. 
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• The water temperature monitoring studies have demonstrated that there is 
considerable variability in both summer and winter water temperatures amongst the 
Thutade bull trout systems.  Data collected in the Kemess Watershed in the 2016 
season indicates summer mean and maximum temperatures were comparable to 
past measurements at those locations with measurements available.  No spillway 
flows from the TSF occurred during 2016.  
 

• Mean water temperatures during the bull trout spawning period in lower South 
Kemess Creek are comparable to past measurements made pre- and post-TSF 
construction, post-TSP releases and to the lower North Kemess reference stream 
for the period of record.  

 
• Increased water temperatures throughout the 1.2 km length of lower South Kemess 

Creek during the winter coincide with the release of the TSP flows in this section 
starting in 2013.  Mean water temperature increases in the uppermost section during 
the winter incubation period from 1.8 ˚C to 3.4 ˚C could accelerate bull trout egg 
development and reduce fry survival.   
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SECTION 2 – FRY AND JUVENILE FISH MONITORING STUDIES 
 
NOTE:  In this report juvenile char refer to those fish between the fry and adult stage.  In 
the Kemess Watershed, char juveniles or parr typically range from approximately 50 to 
115 mm fork length and are age 1 to 4 years. Char fry (either bull trout, Dolly Varden or 
hybrid crosses) cannot be identified to species using visual examination, and are referred 
to collectively as char fry.   
 
2.1  OBJECTIVES  
 
1) To repeat fry and juvenile surveys in the Kemess Watershed at the same locations and 

time of year, using the same methods as previous years.  These sites provide an index 
comparing the present status of fry and juvenile fish populations in the Kemess 
Watershed to the period prior to mine development, and as background for the fish 
population comparisons post-discharge from the TSP.  

 
2) To repeat fry and juvenile fish surveys in the section of the South Fork of Tributary 4 

located upstream from the constructed fishways to provide a measure of effectiveness 
of the compensation structures.  

 
This year marks the seventh year that Kemess South juvenile fish monitoring has been 
limited to index sites in the Kemess Watershed and in Tributary 4 upstream from the 
fishway.  
 
However additional juvenile fish sampling was conducted in 2016 in lower Attichika Creek 
to supplement baseline studies for the KUG EA Application as originally reported in 
Hatfield Consultants and Bustard and Associates (2015).  This additional 2016 fish 
information is included in this monitoring report. 
 
 
2.2  METHODS 
 
The main juvenile surveys were conducted by a field crew of three during the period 
August 17 to August 22, 2016.  This is the same time that the surveys have been conducted 
since 1995.  Many of the sample sites required helicopter access.   
 
The fry and juvenile sampling typically consisted of using a two-pass removal method with 
a Smith-Root BP15 electroshocker at sites enclosed with stopnets19. The lower Kemess 
Creek mainstem is too large to enclose the entire channel during most years, so rebar and 
stopnets were used to enclose margin sites only.  

                                                 
19 An upstream and downstream sweep constituted a single pass.  Two-pass estimates were derived using 
Seber and LeCren (1967).  Three-pass estimates derived using Schnute’s (1983) removal approach to 
maximum likelihood population estimates have been used at some sites with poor fish declines between 
passes in some years.   
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A total of 28 index sites were sampled during the 2016 monitoring surveys (Figure 2.1) 
including 20 sites in the Kemess Watershed, three sites in the South Fork of Tributary 4 
upstream from the fishways, and a single site located in the Western Diversion Ditch 
(WDD).  Four juvenile sites were sampled in lower Attichika Creek downstream from the 
Kemess Creek confluence for the third consecutive year. 
 
Sample sites typically ranged from 15 to 50 m in length depending on site width and 
complexity.  Habitat information for each site was recorded on DFO/MOE Stream 
Information Summary forms in the same format used since 1994 for consistency. Efforts 
were made to sample the identical stream locations to those sampled in previous years.  
The sites were located using GPS coordinates, photographs, and old site markers (ribbons 
and wooden stakes).  Site location changes in 2016 were minor in the Kemess and Tributary 
4 watersheds.  Sampling at two of four locations in lower Attichika were shifted back to 
the original sites sampled in 2014 due to lower flow conditions in 2016 compared to the 
year before.   
 
Discharge in the Kemess Watershed during the late August juvenile sampling period was 
moderate compared to most years (Appendix 2 Table 1).   Sampling was rated effective for 
fish capture at most sites. Discharge into South Kemess was reduced for the sample period 
to make for a more effective sample.   
 
Procedures for identifying and measuring all fish were identical to those used in the past.  
Fish captured were sorted by species, measured to the nearest mm fork length and 
subsequently returned to the location of capture.  Weights were retained from all fish 
sampled during the program and were used to calculate fish biomass for each site.  
 
Branchiostegal ray counts for char larger than 48 mm, in conjunction with head shape, were 
used to separate bull trout from Dolly Varden juveniles in this study.  Based on three years 
of extensive genetic sample collection, 99% of char juveniles identified using visual 
features (excluding hybrids) were identified correctly in the field20.   
 
External health conditions of all juvenile fish captured in South Kemess Creek and in lower 
North Kemess Creek (reference sites) were assessed, including condition of skin, gills, fins, 
eyes, opercles, and potential spinal or craniofacial deformities, comparable to procedures 
outlined in Hatfield Consultants (2010).  These observations have been conducted since 
2010 and provide fish external health comparisons for the period pre- and post-operational 
discharges in South Kemess Creek beginning with TSP releases in 2013 and with the North 
Kemess reference sites over time.  
 
  

                                                 
20 In total, 481 of 486 juveniles (excluding hybrids) were correctly identified.  The five mis-identified fish 
were all bull trout identified as Dolly Varden (Bustard 1999).  Redenbach (2000) reported that overall 
hybridization rates were near 9% for Thutade juvenile char populations. 
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Data was initially entered in Excel spreadsheet format and some of the simpler comparisons 
between sites including means, standard deviation and some t-tests were conducted using 
Excel data analyses tools. 
 
A linear mixed effect model (Bolker 2007) was used to determine the change over time 
since TSF development of bull trout fry and juveniles in the three main bull trout sections 
of the Kemess Watershed (South Kemess Creek – directly affected by the TSF; lower 
Kemess Creek – indirectly affected by the TSF; North Kemess Creek – control watershed).  
Site and the interaction between site and year were used as random effects, as 
measurements were taken at the same locations over time, accounting for temporal 
autocorrelation.  Analyses were conducted in the lme4 package (Bates et al. 2014) and 
LmerTest (Kuznetsova et al 2014) of R software (R Core Team 2013).  
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2.3 RESULTS AND DISCUSSION 
 
2.3.1 Kemess Watershed 
 
2.3.1.1 South Kemess Creek 
 
Species Composition and External Health Observations   
 

• Fish captured in South Kemess Creek in 2016 were predominantly char (Table 2.1).  
The sample also included one mountain whitefish and three rainbow trout parr. 
Mountain whitefish numbers were low while rainbow parr were above the average 
for past years (Table 2.1). 

 
• Bull trout juveniles comprised 42% of the overall catch in 2016.  This is above the 

average percentage of the catch since the TSF development, but reflects the low 
overall total number of fish in 2016.  The total number of fish was below average 
for this period. 
 

• Dolly Varden comprised 8% of the 2016 catch (Table 2.1).  This is within the range 
of past years’ sample results (Table 2.1).  The actual number of Dolly Varden 
captured in the sites was the lowest recorded to date.  Two of the four Dolly Varden 
sampled in South Kemess were maturing fish.  Dolly Varden abundance peaked 
during a period following construction of the TSF (1999-2001), when parr and 
adults together comprised more than 50% of the overall catch in South Kemess 
Creek (Table 2.1).   

 
• Char fry comprised 42% of the overall catch in 2016, and numbers were well above 

the catches of the previous two years (since TSP releases), but below the average 
catch since 2001.  Genetic analyses of char fry from South Kemess Creek were 
conducted annually between 2000 and 2009.  The analyses indicate that of 120 char 
fry analyzed, 92% were either bull trout or hybrid char fry (Bustard 2010). Nine 
char fry collected in the constructed sidechannel during this period were all bull 
trout with a single hybrid cross.  

 
• External observation of 40 fish in 2016 indicated that most fish were in good health.  

Eight fish observed in South Kemess Creek demonstrated shortened opercles or fin 
damage (Appendix 9 Table 2) while a single fish had a gill abnormality.  The 
incidence of abnormalities in South Kemess fish of 22% is above average noted 
during observations conducted during the past seven years (Appendix 9 Table 2).  
However, the 2016 results were comparable to the 19% level of abnormalities noted 
in a sample of 26 fish assessed in lower North Kemess Creek (reference sites). 
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Table 2.1 Summary of catch composition of fish in South Kemess Creek from 1995 to 201621. 
 
 

 
 
 
 

 
 
 
 
 
 

                                                 
21 Based on actual catches in South Kemess Creek.  Sites TP1 and TP2 have been sampled since 1995.  Site TP3 was added in 1999 and Site TP4 was added in 
2003.  Fish captured in the constructed sidechannel TP5 are not included in the totals. 

SPECIES SOUTH KEMESS
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

Char fry 4 5 8 12 2 6 4 14 63 68 22 21 9 61 36 41 72 5 87 5 5 22 26.0
% 7.7 8.5 16.7 22.2 4.0 7.1 7.8 23.0 58.3 47.9 22.7 23.1 20.5 68.5 52.9 33.1 66.7 12.2 65.9 9.1 8.6 42.3 28.6
Dolly Varden 6 9 10 21 26 49 34 25 6 23 15 28 10 11 12 11 5 10 8 19 11 4 16.0
Juv & Adults  % 11.5 15.3 20.8 38.9 52.0 58.3 66.7 41.0 5.6 16.2 15.5 30.8 22.7 12.4 17.6 8.9 4.6 24.4 6.1 34.5 19.0 7.7 24.1
Bull trout 39 40 25 5 7 16 5 19 39 36 53 27 19 13 17 67 26 18 25 18 27 22 25.6
Juveniles   % 75.0 67.8 52.1 9.3 14.0 19.0 9.8 31.1 36.1 25.4 54.6 29.7 43.2 14.6 25.0 54.0 24.1 43.9 18.9 32.7 46.6 42.3 35.0
M. whitefish 2 5 4 14 15 11 7 2 0 13 3 11 5 3 3 2 5 8 10 11 13 1 6.7
All ages   % 3.8 8.5 8.3 25.9 30.0 13.1 13.7 3.3 0.0 9.2 3.1 12.1 11.4 3.4 4.4 1.6 4.6 19.5 7.6 20.0 22.4 2.0 10.4
Rainbow 1 0 1 2 0 2 1 1 0 2 4 4 1 1 0 3 0 0 2 2 2 3 1.5
Parr  % 1.9 0.0 2.1 3.7 0.0 2.4 2.0 1.6 0.0 1.4 4.1 4.4 2.3 1.1 0.0 2.4 0.0 0.0 1.5 3.6 3.4 5.8 2.0
TOTAL 52 59 48 54 50 84 51 61 108 142 97 91 44 89 68 124 108 41 132 55 58 52 76
Area (m2) 597 573 512 454 626 641 704 655 911 991 930 897 896 864 882 805 901 941 855 868 927 858 786
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Abundance Estimates 
 

• Char fry were present at all four South Kemess Creek index sites in 2016 and mean 
fry densities were 3.1 fry/100 m2 (Figure 2.2 and Appendix 4 Table 1).  This year’s 
mean char fry density was back to near the long-term average of 3.4 fry/100m2 
following two years of exceptionally low fry recruitment measured in South Kemess 
Creek (Appendix 4 Table 1).   

 
• While long-term fry densities in South Kemess appear lower than in North Kemess 

and lower Kemess creeks (Appendix 10 Figures 1a and 2a), the differences since the 
tailing dam was constructed are not significant (Appendix 10 Table 1) reflecting the 
high variability at all locations.  

 

 
 

 
 

Figure 2.2.  Summary of bull trout fry and parr densities (fish/100 m2) at index  
                     sites in South and North Kemess creeks from 1995 to 201622. 
 
 

• Bull trout fry densities combined for the South Kemess Creek fish index sites were 
significantly lower prior to the TSF construction compared to the period since 
construction of the South Kemess spawning sites up until 2013 (Figure 2.3). The 
overall trend in South Kemess fry densities has been increasing since TSF 
construction in 1997 up until the initiation of TSP discharges in September 2013 when 

                                                 
22 South Kemess summaries are based on sampling at TP1 through TP4.   North Kemess sampling includes 
the main bull trout sites NK4, NK7, and NK13 (see Appendix 4 Table 1). 
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there was a sharp decline in bull trout fry densities for the following two years. The 
linear mixed model does not detect this decline and it may take years to detect it if it 
persists given the previous increasing trend (Appendix 10 Figure 5). 
 

• The TSF operation has resulted in a more moderate flow regime during the mine 
operation and closure period with peak flows less than one-half of flows pre-
development.23  This flow regime change, in conjunction with the development of the 
spawning sites and the return of bull trout spawners to this system starting in 2000, 
may account for the overall increased fry recruitment that was observed in South 
Kemess Creek between 2001 and 2013 (Figure 2.3).  
 
 

 
 

  
 
 

Figure 2.3.  Comparison of bull trout fry and juvenile densities at South Kemess  
                     fish index sites prior to TSF, post-spawning site construction in 2001 
                     and post-pumping from TSP.  Error bars represent ±1 std. 
 
• In 2014 and 2015 char fry counts were exceptionally low in South Kemess Creek 

despite above average spawner returns in the previous seasons (Table 1.1). The sharp 
decline in fry abundance was not noted elsewhere in the Kemess Watershed in these 
two years, suggesting that some other factor may be influencing fry recruitment 
(Appendix 4 Table 1).  This was also not the situation in 2016, when fry recruitment 
in South Kemess Creek was closer to average for the years of record.  

                                                 
23South Kemess peak flows since TSF development are typically 2 to 3 m3/sec (Appendix 2 Table 1) 
compared to the 5-year return peak daily flows of over 6 m3/sec pre-development (Kemess Mines 1996 – 
Figure D.9). 
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• The low fry recruitment observed in 2014 and 2015 may reflect poor fry survival 
resulting from warmer winter incubation temperatures observed in South Kemess 
Creek since September 2013 as outlined in Section 1.3.4.2.  These higher incubation 
temperatures may have led to advanced egg/alevin development leading to early fry 
emergence and poor survival in 2014 and 2015.   
 

• The warm winter incubation conditions continued in 2016 (Table 1.12), but the 
presence of more fry in the index sites may reflect better survival of the early 
emerging fry.  As will be discussed in Section 2.3.5, the South Kemess char fry were 
considerably larger compared to the historical fry size in this system and may reflect 
a longer growing season in 2016.  
 

• Juvenile bull trout densities in South Kemess Creek averaged near 3 fish/100 m2 
(Appendix 4 Table 1).  These densities are comparable to parr densities measured in 
most years since 2001 (Figure 2.2 and Appendix 4 Table 1).  Bull trout parr were 
present at all four of the index sites and the results indicate juvenile bull trout are not 
avoiding South Kemess Creek habitats due to the TSP releases.  

 
• The 2016 bull trout parr catch was comprised of a mix of yearlings (53%) and older 

parr at least age 2+ (47%).  This is quite different than the 2015 results that indicated 
yearling bull trout were nearly absent from all sites except in the lowermost section 
of the creek.  The lack of a yearling bull trout cohort in 2015 was assumed to reflect 
the lack of fry recruitment the previous year and absence of upstream parr dispersal.   
The 2016 catches of yearling parr in the mid-reaches of South Kemess Creek suggests 
that upstream recruitment of yearlings into this system can occur in some years.  
 

• Unlike many years since the construction of the TSF in 1997, bull trout parr were 
present in the uppermost section of South Kemess Creek (TP2) located near the Mill 
Creek confluence (Appendix Table 4.1).    
 

• The mean bull trout parr densities since 2001 remain near one-half the densities 
measured prior to the TSF construction (Figure 2.3), and are consistently lower than 
the mean juvenile densities measured in lower Kemess Creek index sites (Appendix 
4 Table 1).  Bull trout densities have been comparable to those measured in North 
Kemess Creek in the past two years where juvenile abundances may be reflecting 
poor juvenile recruitment at the index sites resulting from beaver dams restricting 
adult bull trout spawners access to the lower creek.  
   

• Analyses indicate the four South Kemess Creek sites demonstrate a lot of within site 
variability (Appendix 10 Figures 3a and 4a), with no significant trend in juvenile bull 
trout abundance over time since the TSF construction (Appendix 10 Table 2).  There 
was no statistically significant difference between South Kemess parr densities 
compared to those in North Kemess (control) and lower Kemess creeks. Earlier 
analyses by Paul (2003) concluded that long-term deviations in juvenile abundance 
in the Kemess streams could be detected with the existing monitoring program in 
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place, but this would be difficult with the fry sample program due to the high 
variability in catches.  
 

• Bull trout parr density in the constructed sidechannel (TP5) was 11 parr/100 m2 in 
2016 near the average measured since the channel was constructed in 2002 (Table 
2.2).  The mean density of bull trout juveniles in the constructed channel have been 
approximately three times higher than in the nearby South Kemess mainstem and 
most closely resemble densities found in the lower Kemess Creek sidechannel Site 
KS2 (Appendix 4 Table 1) that was used for the initial conceptual design of this 
constructed channel.   
 

• Higher flows in the constructed sidechannel since 2014 have not led to a higher 
abundance of fish in the past two years. As background, discharge in the constructed 
sidechannel remained stable year-round at approximately 20 l/s since construction 
until 2014 when an inside wall collapsed leading to discharge into the channel of 
approximately three times higher flows.  The intake was repaired in August 2014, and 
flows re-established at the intake controls at levels of 60 l/s, based on the observation 
of higher fish use in the channel at the higher flows present in 2014.   

 
• Four char fry were present within the index site in the constructed sidechannel in 

2016.  Char fry recruitment into this sidechannel has been minimal in most years since 
the channel was constructed (Table 2.2), probably reflecting the unwillingness of char 
fry to move through the intake at the upstream end.  Fish recruitment into the channel 
presumably occurs from the lower end, and usually not at the fry stage.  The 2016 
char fry densities in the constructed sidechannel were nearly double the mean char 
fry density in South Kemess Creek and may reflect the larger and possibly more 
mobile fry in 2016.  

 
• Dolly Varden parr density in the constructed sidechannel site was 7 parr/100 m2 in 

2016 (Table 2.2).  This is above the average density since the channel was constructed 
in 2002 and well above the mean for Dolly Varden density in South Kemess Creek in 
2016 (Appendix 4 Table 2).  

 
 

Table 2.2.  Densities of juvenile fish in the South Kemess constructed sidechannel for  
                     all years24. 

 

 
 
 

                                                 
24 Site TP5 in Appendix 3. 

Species 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean
Char fry 2.5 9.9 1.4 0 0 1.6 6.3 1.5 0 1.4 0 1.3 0 5.6 2.3
Bull trout 6.2 15.0 14.1 12.5 12.8 16.1 16.4 11.0 8.1 13.3 6.7 10.7 7.0 11.2 11.5
Dolly Varden 7.8 2.5 2.8 2.8 2.8 7.8 3.1 1.5 0 1.4 6.0 11.1 4.2 7.5 4.4

Fish/100 m2
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2.3.1.2 North Kemess Creek 
 
Species Composition and External Health Observations   
 

• The 2016 North Kemess Creek fish catch was entirely comprised of char, with more 
Dolly Varden than bull trout in the juvenile age class (Table 2.3).   

 
• Historically DNA analysis of char fry in the headwater mainstem were largely 

comprised of bull trout and hybrid fry with a mix of bull trout and Dolly Varden parr 
at sites downstream (Appendix 6 Table 1). We suspect that with the lack of bull trout 
and Dolly Varden spawner access from downstream locations into the headwater 
sections for the past five years due to beaver dams, all char fry at the upper index sites 
are now the progeny of headwater resident Dolly Varden. 
 

• External fish health observations indicate five of the 26 fish sampled at the lowermost 
North Kemess Creek index sites demonstrated an abnormality, primarily shortened 
opercles (Appendix 9 Table 1).  The 19% incidence of abnormalities is high compared 
to past years and is comparable to results for South Kemess Creek in 2016 (Appendix 
9 Table 2)25.   
 

Table 2.3.  Range and mean of fish catch composition in North Kemess, lower 
                   Kemess, and El Condor creeks based on sampling from 1995 to 201626. 
 

  NORTH KEMESS LOWER KEMESS EL CONDOR CREEK 
  2016 Mean Range 2016 Mean Range 2016 Mean Range 

Char fry 67 85.5 25-196 78 97.8 30-178 4 12.2 0-83 
% 48.9 47.2 26-69 54.2 58.3 33-72 17.4 26.0 0-68 

Dolly Varden 60 62.9 32-96 5 11.5 2-26 12 4.4 0-12 
% 43.8 38.8 22-57 3.5 6.9 2-16 52.2 12.0 0-52 

Bull trout 10 25.1 10-48 52 42.8 23-63 0 0.9 0-3 
% 7.3 14.8 7-22 36.1 26.7 16-37 0.0 3.4 0-20 

M. whitefish 0 0.5 0-5 0 0.5 0-6 1 0.7 0-3 
% 0 0.3 0-3 0 0.3 0-3 4.3 1.9 0-14 

Rainbow fry 0 0 0 0 2.0 0-14 0 22.4 0-85 
% 0 0 0 0.0 1.3 0-7 0.0 39.3 0-82 

Rainbow parr 0 0.3 0-3 0 1.5 0-5 6 7.2 0-22 
% 0 0.2 0-3.1 0.0 1.1 0-4 26.1 17.4 0-40 

Sculpins 0 0 0 9 8.6 0-20 0 0 0 
% 0 0 0 6.3 5.5 0-12 0 0 0 

Total 137 171 82-292 144 165 91-246 23 48 5-171 
Area (m2) 689 643 418-786 586 596 465-716 113 56 39-98 

 
                                                 
25 These assessments included fish captured in NK4, NK7 and NK13 during the period 2010 onward.  Only 
fish from NK4 were examined in 2013.   
26 Includes all sites in North Kemess and Lower Kemess. Values in bold are outside of previous range. 
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Abundance Estimates 
 

• Char fry densities averaged 12 fry/100 m2 at the three long-term bull trout index sites 
in North Kemess Creek in 2016 (Figure 2.2 and Appendix 4 Table 1).  These estimates 
were near the historic mean at these sites.   
 

• It was noted in 2016 that some of the fry at NK4 may be Dolly Varden fry originating 
from a seepage entering this index site.  The char fry at this index site were small 
compared to the upper two index site locations (Appendix 3 Tables NK4 to NK13), 
and are typical of Dolly Varden fry fork lengths in seepages.  

 
• There was below average char fry abundance in the upper North Kemess Creek 

mainstem sites in 2016, with low densities in the mainstem sites and average densities 
in the small seepage channel favored by Dolly Varden spawners (Appendix 4 Table 
2).  The lower char fry densities in the headwaters presumably reflect the inability of 
both bull trout and Dolly Varden spawners to access this area from downstream 
locations since 2011.  
 

• The mean juvenile bull trout rearing density of 2 juveniles/100 m2 in the main bull 
trout rearing sections of North Kemess Creek (three lowermost index sites) was less 
than one-half of the densities for past years (Figure 2.2 and Appendix 4 Table 1) and 
are the lowest since sampling was initiated in 1995.  The lower juvenile bull trout 
densities in the past two years are presumed to reflect reduced adult spawner access 
into lower North Kemess Creek since 2014.  
 

• Sample results to date indicate no significant trend in bull trout fry and parr densities 
in North Kemess Creek sites over time since the TSF construction period (Appendix 
10 Tables 1 and 2).   
 

• Seepage site NK22b provides a good index of Dolly Varden recruitment in upper 
North Kemess Creek.  Past genetic sampling indicates that nearly all fry are progeny 
of Dolly Varden in this headwater seepage. The higher fry densities typically 
measured at this location emphasize the importance of headwater seepage 
environments such as NK22b for Kemess Dolly Varden populations.   
 

• The sharp decline of char fry after 2011 combined with observations of groups of 
Dolly Varden spawners congregated below beaver dams, especially in 2014, suggests 
most Dolly Varden spawners are not able access this seepage.  Scattered observations 
of Dolly Varden spawners and redds were noted for the past two years downstream 
from the upper beaver dam complex (Appendix 1 Table 2). 
 

• The juvenile and adult Dolly Varden combined densities in the four upper North 
Kemess Creek sites averaged 12 fish/100 m2 and were near the long-term mean for 
these sites (Appendix 4 Table 2).   
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2.3.1.3 Lower Kemess Creek  
 
Species Composition  
 

• The fish catch in lower Kemess Creek in 2016 was dominated by char (94%), 
predominantly bull trout (Table 2.3 and Appendix 8 Table 1). Slimy sculpins 
comprised the remaining 6% of the catch.  Sculpins were only present downstream 
from the canyon section typical of all past years. No juvenile rainbow trout or 
mountain whitefish were present in the 2016 catch.  

 
Abundance Estimates 
 

• Char fry densities in lower Kemess Creek sidechannels averaged 18 fry/100 m2, 
below the average of 30 fry/100 m2 since 1995 (Figure 2.4 and Appendix 4 Table 1).  
Mainstem char fry abundance averaged 15 fry/100 m2), above the mean densities for 
all years combined of 13 fry/100 m2.  
 

 

 
 

Figure 2.4.  Summary of bull trout fry and parr densities (fish/100 m2) at index sites  
                    in mainstem and sidechannel habitats in lower Kemess Creek from 

1995 to 2016. 
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• Bull trout juvenile densities averaged 9 juveniles/100 m2 in the sidechannels and 
mainstem index sites, respectively (Figure 2.4 and Appendix 4 Table 1).  These 
densities are close to the long-term averages for sidechannel habitats, and above the 
means typically measured in the mainstem habitats.  

 
• The linear mixed model assessment indicates no significant trend in bull trout fry and 

parr densities in lower Kemess Creek since the TSF development (Appendix 10 
Tables 1 and 2).   

 
 
2.3.1.4 Lower El Condor Creek27 
 

• The 2016 fish catch in El Condor Creek was comprised of a mix of Dolly Varden 
(52%), char fry (17%), rainbow parr (26%), and a single mountain whitefish (4%) 
(Table 2.3). The 2016 catch of 23 fish in El Condor Creek was a low estimate 
compared to all past years, and for the second time since 1995 no rainbow fry were 
present at the index site (Appendix 8 Table 2).  Fish access and habitats have changed 
in lower El Condor Creek over the period of sampling due to beaver dams.  
 

• The lack of rainbow fry in 2016 suggest no rainbow trout spawners used this section 
of creek.  Rainbow trout typically dominate the catch at this site (Appendix 8 Table 
2) reflecting the presence of an adult rainbow population in Kemess Lake that uses 
the outlet stream for spawning and juvenile rearing28.  The warmer temperatures in 
this lake outlet stream favor a cool-water species like rainbow trout over a cold-water 
fish species such as bull trout29.   
 

• Rock placements were added to the El Condor culvert by mine staff in the fall of 2015 
to create pockets of low velocity water to improve fish movements in the upper 
section of this culvert.  The rock placements were still in place during the summer of 
2016. 

 
 
 
 
 
 
 
                                                 
27 The present fish index site in lower El Condor Creek was moved~ 10 m upstream in 2016 following a 20 m 
long upstream shift in 2014 to avoid beaver impounding of Site E1a.  The previous site had been at a location 
approximately 100 m below the haul road crossing since 2007, when the initial long-term index site became 
unsuitable to sample.  El Condor Creek downstream from Kemess Lake has been subject to extensive channel 
changes in the past decade due to heavy beaver activity.  These beaver dams have restricted fish movements 
between Kemess Creek and Kemess Lake. 
28 See Hatfield Consultants and Bustard and Associates (2015) for more detailed information describing 
rainbow trout use of lower El Condor Creek. 
29 A comparison of water temperatures in El Condor Creek versus South Kemess Creek for the late summer 
and fall of 1995 is presented in Bustard (1996). 
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2.3.1.5  Western Diversion Ditch (WDD) 
 
Discharge in the WDD was initially directed out of the Waste Rock Creek drainage when the 
Waste Dump was established in 2001.  Starting in 2016 a portion of the discharge from the 
lower section of the WDD has been re-directed back into the Waste Rock Creek drainage to 
increase discharge into the lower end of Waste Rock Creek.  

 
• Fry densities in the upper section of the WDD of 27 fry/100 m2 were high (Table 2.4) 

and are probably dependent upon spawner access the previous fall from downstream 
locations.  The high fry densities in 2012 and 2016 combined with the presence of 
several age classes of parr during most years is indicative of adequate flows in this 
upper section of the WDD to support some overwintering Dolly Varden in this system 
during most years.   

 
• Dolly Varden parr densities in 2016 averaged 6 parr/100 m2 in the upper reach of the 

WDD (Table 2.4 and Site WR2 in Appendix 3) with the parr sample comprised of a 
mix of age 1+ and a single mature fish (based on length and past aging at this site).  
This was at the lower end of the density range over time for this location 

 
• A single mature Dolly Varden at the index site in 2016 was 14 cm in length.  In past 

sampling, for example in 2011, larger mature Dolly Varden spawners were present at 
the upper index site (Bustard 2012).  These fish ranged from 21 to 25 cm fork length 
and their large size suggests that they could have moved upstream from the pond 
complex and past a cascade in the lower section of the WDD that was previously 
considered a barrier.  Similarly, mature Dolly Varden spawners exceeding 20 cm were 
observed at the lower index site just upstream from the pond complex during low-
flow conditions in 2008 and 2009.  These Dolly Varden spawners could probably not 
achieve their large size by rearing in the WDD itself.   
 

Table 2.4.  Summary of Dolly Varden fry and juvenile/adult abundances at index  
                   sites in the Western Diversion Ditch from 2008 to 2016. 
 

 
 
 
 

2008 2009 2010 2011 2012 2013 2014 2015 2016
WR1 28.8 12.6 ns ns ns ns ns ns ns
WR2 49.3 6.9 1.1 0.7 62.0 0.0 3.7 0.7 26.9
Mean 39.1 9.8 1.1 0.7 62.0 0.0 3.7 0.7 26.9

2008 2009 2010 2011 2012 2013 2014 2015 2016
WR1 6.2 34.0 ns ns ns ns ns ns ns
WR2 2.8 31.7 71.7 8.3 9.9 14.7 18.3 9.2 6.2
Mean 4.5 32.9 71.7 8.3 9.9 14.7 18.3 9.2 6.2

Dolly Varden /100 m2

Fry

Parr
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2.3.2 Tributary 4 
 
Species Composition 
 

• Fish captured at the three index sites upstream from the fishways in Tributary 4 were 
a mix of char fry (34%), Dolly Varden juveniles/adults (53%), and juvenile bull trout 
(13%) (Table 2.5). 

 
• Since 2001, 46 char fry from the headwaters of Tributary 4 have had DNA analyses 

for species separation (Appendix 6 Table 2).  The sample has been predominantly 
bull trout (67%), with Dolly Varden (22%) and hybrids (11%) comprising the 
remainder of the catch.  No further DNA sampling has been undertaken since 2010 
and the proportion of Dolly Varden fry in the samples may have increased given 
recent observations of groups of Dolly Varden spawners present in the headwater 
habitats during bull trout redd counts in September (Appendix 1 Table 4). 

 
• In total eight of the 40 juvenile char sampled upstream from the fishways in 2016 

were bull trout (Table 2.5).  To date, 43% of the 629 juvenile char sampled above the 
fishway since 2000 have been bull trout (Appendix 6 Table 2).  The proportion of bull 
trout in the catch at the index sites has declined to near 17% in the past five years.  

 
Table 2.5.  Summary of fish catch composition at Tributary 4 sample sites located  
                   upstream from the fishways from 2001 to 2016. 
 

 
 
   
 Abundance Estimates 

 
• Char fry density averaged near 7 fry/100 m2 at the three index sites in upper Tributary 

4 in 2016 (Figure 2.5). This is more than twice the average density since fishway 
sampling was initiated in 2000 (Appendix 4 Table 3).  Fry were present at all three 
index sites in 2016. 

 
• Historically char fry densities in the section above the fishway have remained low 

relative to the numbers of bull trout redds above the fishway.  The typically low fry 
densities in this upper stream section may reflect the lack of sidechannel habitats 

Species
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

Char fry 2 0 18 13 13 2 1 6 4 22 15 8 17 19 3 21 10.3
% 33.3 0.0 37.5 36.1 28.9 5.3 4.8 24.0 7.7 23.9 23.1 17.8 24.6 19.2 4.9 34.4 20.3

Dolly Varden 1 0 0 5 18 14 10 6 19 41 25 30 43 72 45 32 22.6
% 16.7 0.0 0.0 13.9 40.0 36.8 47.6 24.0 36.5 44.6 38.5 66.7 62.3 72.7 73.8 52.5 39.2

Bull trout 3 30 30 18 14 22 10 13 29 29 25 7 9 8 13 8 16.8
% 50.0 100 62.5 50.0 31.1 57.9 47.6 52.0 55.8 31.5 38.5 15.6 13.0 8.1 21.3 13.1 40.5

TOTAL 6 30 48 36 45 38 21 25 52 92 65 45 69 99 61 61 50
Area (m2) 419 421 405 350 357 391 473 411 352 305 375 416 352 309 379 296 376

Tributary 4 upstream from the fishway
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providing suitable refuge for fry during high flows, forcing fry to disperse to stream 
sections farther downstream following emergence.  

 
• Juvenile bull trout density in Tributary 4 above the fishways averaged just under 3 

fish/100 m2, and was below the average of 5 fish/100 m2 for past sampling at these 
sites (Figure 2.5 and Appendix 4 Table 3).  Juvenile bull trout densities were below 
average at all three of the index sites.  
 

• Dolly Varden densities have been increasing in Tributary 4 above the fishway and 
were 13 fish/100 m2 in 2016 (Figure 2.5 and Appendix 4 Table 2).  Overall Dolly 
Varden densities remain high in this stream section while bull trout juvenile densities 
remain relatively low (Figure 2.5).  Juvenile bull trout may be dropping out of these 
headwater habitats earlier due to competition with Dolly Varden at this life history 
stage. 

 

 
 

Figure 2.5.  Summary of char fry and bull trout and Dolly Varden parr densities 
         (fish/100 m2) at index sites in the South Fork of Tributary 4 upstream     
         from the fishways since 200030. 
 
 

2.3.3 Lower Attichika Creek 
 
Monitoring of juvenile fish at lower Attichika Creek index sites was continued in 2016.  Four 
index sites have been established in the stream section downstream from Kemess Creek 
(Figure 2.1), including a site immediately downstream from the proposed treated water 
diffuser (ACK11).   
 
A summary of the catch results is included in this monitoring report to ensure the information 
remains accessible for future monitoring if KUG proceeds.  It also provides comparisons for 
the Kemess Watershed results compared to the Attichika stream section immediately 
downstream. The detailed catch results at each of the Attichika index sites is presented in 
Appendix 3. 

                                                 
30 Mean of the three sites located above the fishways including one site above the Ice Falls. 
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Catch Composition  
 
The 2016 catch at the Attichika sites was comprised predominantly of slimy sculpins (67% 
of catch), char fry (26% of catch) and juvenile bull trout (5% of catch) (Table 2.6).  It is 
assumed that most of the char fry are bull trout based on past DNA sampling of char fry in 
lower Kemess Creek immediately upstream. A small proportion of the catch in this section 
was comprised of Dolly Varden and rainbow trout in 2016.  No mountain whitefish juveniles 
or longnose suckers were present in the 2016 sample.  
 
Table 2.6.  Summary of juvenile fish catch composition in upper and lower Attichika  
                   Creek up to 2016. 
 

 
 
 
Abundance Estimates 
 
Density estimates for lower Attichika char fry averaged 9 char fry/100 m2 in 2016, close to 
the average for the past three years (Appendix 4 Table 4.1).  These estimates are close to one-
half of the char fry densities measured in lower Kemess mainstem over the same period 
(Appendix 4 Table 4.1).   
 
Similarly, 2016 juvenile bull trout density estimates in lower Attichika of 2.2 fish/100 m2 are 
comparable to the previous two years in lower Attichika Creek but less than one-third the 
bull trout densities in the lower Kemess Creek mainstem for the same period (Appendix 4 
Table 1).  

 
 

2.3.4 Kemess Juvenile Bull Trout Fry and Age 1+ Survival  
 
Table 2.7 summarizes Kemess bull trout redd counts and the densities of subsequent year fry 
and yearling age classes for the main bull trout rearing reaches of Kemess Creek.  The North 
Kemess and lower Kemess Creek estimates have been combined based on the assumption 
that bull trout fry and yearlings disperse downstream from North Kemess Creek into lower 
Kemess Creek. 

Upper Lower Lower Lower Lower
Attichika  Attichika Attichika Attichika Attichika 

(1995-2009) (2007 & 2008) (2014) (2015) (2016)
Char fry 43.7 0 14.4 27.6 25.6
Dolly Varden juveniles 2.3 3.9 1.4 2.0 1.3
Bull trout juveniles 21.8 34.2 8.9 8.0 5.3
Rainbow fry 1.2 0 0 0 0
Rainbow juveniles 1.0 10.5 3.4 0.5 0.9
Slimy sculpins 29.8 48.7 71.2 61.3 67.0
Mountain whitefish 0.3 1.3 0.7 0.5 0.0
Longnose sucker 0 1.3 0 0.0 0.0
Total number fish sampled 1230 76 146 199 227
Total area sampled (m2) 3780 na 519 673 681

%  of Catch
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• The long-term data show that fry densities have ranged from 9 to 34 fry/100 m2 with 
a mean just above 18 fry/100 m2 (Table 2.7).  The 2016 mean fry density of 15 fry/100 
m2 was close to this long-term average. 
 

• The average fry densities observed in the Kemess Watershed in 2016 follow a 
previous year of high bull trout redd counts mostly in the lower portions of the 
watershed (Table 1.1).  Sampling has indicated that higher bull trout redd counts are 
not necessarily reflected in higher fry densities the subsequent year (Figure 2.6). 
 

Table 2.7.  Estimated bull trout redd numbers31 and the following year’s fry and  
                   yearling densities combined for lower Kemess and North Kemess Creek  
                   sites32. 

    Fish/100 m2 
Year Redd Following Year Following Year Fry to Age 1+ 

  Number Age 0+ Age 1+ Survival33 
1994 43 16.2 6.934 42.6 
1995 45 9.0 7.7 85.6 

1996*35 46 18.5 8.1 43.8 
1997 45 23.1 6.4 27.7 
1998 84 27.2 7.5 27.6 
1999 63 16.3 6.5 39.9 
2000 52 11.9 8.2 68.9 
2001 78 19.8 7.5 37.9 
2002 67 20.1 7.1 35.3 
2003 63 18.7 4.8 25.7 
2004 61 22.3 3.8 16.8 
2005 71 19.2 3.6 18.8 

2006* 74 12.3 7.8 63.5 
2007* 90 25.5 11.8 46.5 
2008 90 14.4 11.5 79.5 

2009* 83 34.4 5.5 16.0 
2010 82 20.5 5.8 28.4 
2011 54 16.5 4.0 24.2 

2012* 75 10.9 6.6 60.6 
2013 91 13.5 6.3 46.7 

2014* 82 18.4 6.2 33.7 
2015 79 15.0   
2016 93    
Mean  70.0 18.3 6.8 41.4 

 

                                                 
31 This estimate does not include South Kemess redd sites. 
32 Represents the mean of all lower Kemess main and sidechannel sites, along with fry and age 1+ bull trout 
densities from North Kemess sites NK4, NK7 and NK13. 
33 For this study “survival” represents the mean density of the age 1+ cohort for all sites combined compared 
to the previous year’s fry density at the same locations.  
34 Age 1+ density in 1996. 
35 * indicates a year with high and/or late snowmelt freshet. 
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• For example, the mean fry density for the first 11 years of surveys (1994 to 2004) of 
18 fry/100m2 is identical to the past 12 years of surveys (2005 to 2016), despite a 
significant (36%) increase in redd numbers between the two periods.  Factors such as 
late and high snowmelt freshets extending into July appear to reduce fry survival 
irrespective of the previous year’s redd counts. 
 

• Fry to age 1+ survival averaged 34% in Kemess Creek in 2016 (Table 2.7).  This is 
below the mean survival estimates of 41% since 1994. 

 
• The age 1+ parr density of 6.2 parr/100 m2 for all sites combined in 2016 was 

comparable to the mean derived since sampling was first initiated in 1994 (Table 2.7).  
Historically, despite a wide range in fry densities, the following year’s age 1+ bull 
trout densities in Kemess Creek have ranged from 4 to 12 fish/100 m2 (Table 2.7).   
 

• The combined estimates for all years of sampling in the Kemess Watershed suggest 
the bottleneck to juvenile production occurs mainly between the fry and age 1+ stage.  
The results for most years suggest a primarily density-dependent survival of juvenile 
bull trout, with higher fry densities the preceding year yielding lower survival rates 
to the yearling stage (Figure 2.7).  The 2016 results indicate that average 2015 fry 
densities led to just below average survival to the yearling stage.    
 
 

 
 

Figure 2.6.  Summary of bull trout redd numbers and the following year’s bull  
                     trout fry densities combined for lower Kemess and North Kemess 

               creeks (R2 is based on linear regression of redd number versus 
         the following year’s fry density). 
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• Below average juvenile bull trout abundance in 2016 occurred in both Kemess and 
upper Tributary 4 Watersheds (excluding lower Kemess mainstem), similar to 2015 
results (Table 2.8).   
 
 

 
 

Figure 2.7.  Comparison of bull trout fry densities combined for lower Kemess and  
                     North Kemess creeks and the estimated survival rates to age 1+ bull   
                     trout the following year (R2 is based on log regression of fry density  
                     versus subsequent survival of fry to yearling stage). 
 
 
Table 2.8.  Summary of bull trout fry and parr densities by year relative to long- 
                   term means for the Kemess Watershed and upper Tributary 436.  
 

 
 
 
2.3.5 Juvenile Bull Trout Size Comparisons Between Systems 
 
• Bull trout fry fork lengths were well above the average size since 1994 in lower Kemess 

and South Kemess creeks in 2016 (Table 2.9). Char fry in North Kemess Creek were 
close to the long-term average.  The South Kemess mean fry size was approximately 12 
mm longer in 2016 than the long-term average.  Summaries of all Kemess Watershed fry 
lengths for all years are presented in Appendix 7 Table 1.   
 
 

                                                 
36 ‘+’ indicates densities were above long-term mean densities.   ‘-‘ indicates densities were below long-term 
mean densities.     

System Fry Parr Fry Parr Fry Parr Fry Parr Fry Parr Fry Parr Fry Parr Fry Parr Fry Parr Fry Parr Fry Parr Fry Parr
North Kemess + - - - - - + - - + + + - - + - - - - - + - + -
South Kemess - + - - - - + - + - + + + - - - + - - + - - - -
Lower Kemess - side + - + - + - + - - - + + - - - - - - - + - - - -
Lower Kemess -main + - - - - - + + - + + + + + - - - - - + + + + +
Trib 4 above fishway + - - + - - - - - + + + + + - - + - + - - - + -

20162005 2007 2008 2011201020092006 2015201420132012
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Table 2.9.  Mean fork lengths of age 0+ and age 1+ bull trout in 2016 compared to 
                   past years of sampling in the Kemess Watershed and in Tributary 4 
                   upstream from the fishway.37  
 

 
 
 

• Lower Kemess, South Kemess and North Kemess creek age 1+ bull trout were all 
larger in 2016 than the averages for all past years (Table 2.9).  These results suggest 
favourable rearing conditions for juvenile bull trout growth persisted in all reaches 
of Kemess Creek in 2016.  

 
• Analyses up to 2013 of fry and yearling fork lengths in lower Kemess as well as 

South and North Kemess creeks indicated there has been no significant change in 
mean fork lengths of bull trout pre- and post-TSF construction in the Kemess 
Watershed (Figure 2.8).  Fry fork lengths in lower Kemess Creek were not 
significantly different than those measured in South Kemess fry since mine 
construction.  

 
• This year’s size comparisons of fry and yearling compared the three basins pre- and 

post TSP pumping (2013 to 2016).  The comparisons indicated mean char fry sizes 
since TSP pumping have been larger than pre-pumping conditions at all locations, 
but were most pronounced in South Kemess Creek.  South Kemess fry were 
significantly larger than lower Kemess char fry since pumping from the TSP.  We 
assume this larger size reflects an earlier emergence leading to a longer growing 
season.   

 
 

 

                                                 
37 Tributary 4 data from 2005 to 2015.  Attichika data from 2014 to 2016. 

Tributary (1994-2016)
Mean N Std Mean Difference

South Kemess 53.0 25 3.1 40.9 12.1
North Kemess 38.9 65 6.8 36.5 2.4
Lower Kemess 47.6 78 3.9 41.0 6.6
Upper Trib 4 above Fishway 35.2 21 4.7 34.1 1.1
Lower Attichika 55.3 60 4.6 52.9 2.4

South Kemess 86.9 11 7.0 77.7 9.2
North Kemess 86.6 5 10.1 74.1 12.5
Lower Kemess 82.8 46 6.2 75.8 7.0
Upper Trib 4 above Fishway 88.2 6 9.6 73.3 14.9
Lower Attichika 89.8 6 8.0 87.5 2.3

Age 0+ fork length (mm)

Age 1+ fork length (mm)

2016



 56 

 
 

 
 

Figure 2.8.  Comparison of bull trout age 0+ and age 1+ mean fork lengths in  
                     North, South and lower Kemess creeks prior to TSF construction  
                     1994-96); during operation and closure (1998-2013) and since TSP  

    pumping (2013-16).  Error bars represent 1 std. 
 
 

• Tributary 4 char fry fork lengths in 2016 were comparable to the long-term mean at 
the index sites (Table 2.9).  The fry were considerably smaller than their Kemess 
counterparts (except North Kemess Creek) and may reflect a higher proportion of 
Dolly Varden now in the headwater population. Dolly Varden fry tend to be smaller 
than bull trout fry during the August sample period.   

 
• Fry in North Kemess Creek and Tributary 4 are typically the smallest sampled in   

Thutade bull trout tributaries (Bustard 2010), reflecting cool headwater locations. 
Lower Attichika char fry and yearling bull trout are larger than in the upstream 
Kemess locations (Table 2.9). 
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2.3.6 Fish Biomass Estimates 
 

• Overall South Kemess Creek fish biomass of 0.8 g/m2 was approximately one-half of 
past estimates (Table 2.10) and was near the lowest recorded to date (Figure 2.10).  
This was largely the result of very few whitefish present in any of the South Kemess 
Creek sites in 2016.  
 

• South Kemess Creek total fish biomass averaged 1.5 g/m2 prior to construction of the 
TSF.  The mean fish biomass remained nearly identical for the period since operation 
up to 2013 when discharge releases from the TSP were initiated (Table 2.10).  The 
2014 onward combined estimates since these releases started has averaged slightly 
higher at 1.7 g/m2, (Table 2.10).  More detailed biomass summaries by year are 
presented in Appendix 5 Table 1. 

 
Table 2.10.  Estimate of fish biomass (g/m2) by species in lower South Kemess Creek  
                     during the pre-construction period, mine operation and early closure  
                     phase, and post-TSP release phase. 

 

 
 
 

• South Kemess Creek shifted away from a fish community with a biomass dominated 
by bull trout juveniles and whitefish during the pre-impoundment phase, to one 
dominated by Dolly Varden and to a lesser extent, whitefish during the early years of 
mine operation and closure.  Since 2003 the Dolly Varden biomass in South Kemess 
Creek has declined from a high following the TSF construction to the present time 
(Appendix 5 Table 1).  
 

• Char fry biomass in 2016 was higher than in the past, largely reflecting the modest 
abundance of larger fry present in the system this year. 
 

• There has also been a gradual re-establishment of juvenile bull trout since bull trout 
spawners returned to the system in 2000.  Bull trout juvenile biomass averaging 0.5 
g/m2 since the TSP releases are above the mean for the period of mine operation 
(Table 2.10) and more closely resemble the pre-operation levels.  
 

• The 2016 juvenile bull trout biomass was below the mean for the period of TSP 
releases.   The juvenile bull trout biomass in South Kemess in 2016 was the result of 
an equal mix of yearling and large age 2+ or older fish in the sites.    
 

Period of Surveys Char Bull Dolly Mountain Rainbow Total
Fry Trout Varden Whitefish Trout

Pre-construction (1995-96) 0.004 0.461 0.161 0.899 0.018 1.543
Operation & Closure (1998-13) 0.032 0.265 0.533 0.492 0.139 1.474
Closure with TSP releases (2014-16) 0.022 0.473 0.458 0.611 0.139 1.695
2016 0.051 0.337 0.174 0.049 0.200 0.810



 58 

• Overall rearing conditions in South Kemess Creek in 2016 were characterized by a 
season of modest freshet flows extending through the summer and warmer water 
temperatures through the shoulder and winter seasons due to TSP releases (Appendix 
2 Table 2.1). 
 

• Since biological monitoring studies began in the 1990’s, benthic invertebrate densities 
and periphyton biomass have been consistently higher in South Kemess compared to 
monitoring sites in North Kemess and lower Kemess creeks.  There has been an 
increase in periphyton biomass of greater than an order of magnitude in South and 
lower Kemess Creek, largely reflecting the presence of the diatom Didymosphenia 
geminata (didymo). Benthic densities have been highly variable amongst years and 
are strongly influenced by the abundance of chironomid larvae associated with the 
didymo outbreak.  The 2016 results are not available for this report but the 2015 
results indicated that mayflies dominated the South Kemess benthics the year earlier 
(Hatfield Consultants 2016).  Their analyses to date suggest few strong correlations 
between fish densities and benthic invertebrate densities or periphyton biomass in 
South Kemess Creek.  
 

 

 
 

Figure 2.10. Comparison of total fish biomass in South Kemess Creek sites38 to  
                     sites in North Kemess Creek39, lower Kemess Creek, and a combination  

      of Thutade bull trout tributaries40 during the period 1995 to 2016. 
 

                                                 
38 Index sites TP1 and TP2 for all years as well as TP3 since 1999 and TP4 since 2003. 
39 The North Kemess summary is for the main bull trout section and includes NK4, NK7 and NK13. 
40 Represents the mean of annual estimates in Attichika and South Pass creeks, Tributary 4 and the Niven 
River up until 2009. 
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2.4 SUMMARY AND CONCLUSIONS – JUVENILE FISH  
 
Juvenile surveys were conducted in the Kemess Watershed for the 23nd consecutive year.  
The 2016 juvenile program focused on the Kemess Watershed, a section of Tributary 4 
upstream from the constructed fishways, and lower Attichika Creek.  This program provides 
background information demonstrating the response of juvenile char populations to the 
Kemess South mine development including fish mitigation and compensation programs.  The 
monitoring program also provides a measure of natural variability of juvenile fish populations 
mostly within the Kemess Watershed. 
 

• Char fry densities in South Kemess Creek in 2016 were back to near the long-term 
average after two years of exceptionally low fry recruitment.  This year’s fry 
abundance follows a year of average spawning escapement to South Kemess in 2015 
when five bull trout redds were present.   

 
• The presence of the TSF has resulted in a more moderate flow regime during the mine 

operation and closure period with peak flows less than one-half of flows pre-
development.   This flow regime change, in conjunction with the development of the 
spawning sites and the return of bull trout spawners to this system starting in 2000, is 
thought to account for the overall increased fry recruitment that was observed in South 
Kemess Creek between 2001 and 2013. 
 

• Starting in September 2013, South Kemess discharge has been supplemented by 
releases from the TSP.  Fry densities declined in 2014 and 2015 coinciding with the 
introduction of the TSP flows.  Increased water temperatures during the winter 
incubation period in South Kemess may be accelerating bull trout egg and alevin 
development leading to the poor fry survival observed for the past two years in South 
Kemess Creek.  The 2016 higher fry abundances indicate poor survival does not occur 
every year with the TSP flows.   

 
• Bull trout juvenile densities in lower South Kemess Creek in 2016 were in the mid-

range of densities measured for the past decade. Bull trout parr were present at all 
four of the index sites and the 2016 results indicate juvenile bull trout were not 
avoiding South Kemess Creek habitats due to the TSP releases.  Overall bull trout 
juvenile densities since the TSF construction remain at approximately one-half the 
levels measured during the pre-development period.  Analyses do not indicate a 
significant trend towards a change in juvenile bull trout densities in South Kemess 
Creek since the development of the TSF to date.   

 
• Yearling bull trout were present in the South Kemess Creek sample sites including in 

the mid-reach index sites in 2016.  This age class was mostly missing from the 2015 
sample reflecting the very low fry abundance that occurred in 2014.  Past sampling 
during years of poor fry recruitment suggests that juvenile bull trout tend to not move 
upstream into mid-reach habitats in lower South Kemess Creek from downstream 
tributaries.  Some yearling upstream movements may have occurred in 2016. 
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• The 130-m long constructed side channel adjacent to South Kemess Creek continues 
to provide suitable habitat for juvenile bull trout and Dolly Varden rearing.  The 2016 
bull trout densities in this channel were near the mean measured since 2003.  More 
char fry used this channel in 2016 compared to most past years.  
 

• Char fry densities were near the long-term average in the three North Kemess Creek 
bull trout index sites in 2016.  More of the fry in these three lower index sites may be 
progeny of Dolly Varden reflecting the low abundance of bull trout spawners beyond 
the lowermost 550 m due to beaver dam restrictions since 2014.  
 

• Headwater North Kemess char fry abundances have dropped significantly from past 
years in mainstem sites, reflecting the inability of Dolly Varden and bull trout 
spawners to get past beaver dams that have restricted spawner access into the 
headwaters to spawn for the past four years.  Fry densities were near average in the 
headwater seepage index site which is part of the core spawning habitat for Kemess 
Dolly Varden.  

 
• Char fry densities in lower Kemess Creek were above average in mainstem habitats 

and lower than average in the sidechannel index sites in 2016.  Typically char fry 
densities in sidechannels exceed mainstem densities, but they have been comparable 
for the past two years.  
 

• Bull trout juvenile densities in 2016 were the lowest since sampling was initiated in 
in North Kemess Creek in 1995.  This presumably reflects the difficult access for bull 
trout spawners into lower North Kemess Creek since 2014.  Juvenile bull trout 
densities were close to the long-term average in lower Kemess Creek sidechannels 
and above average in the mainstem habitats.  

 
• Linear mixed model effect analyses of fish data collected in South Kemess, North 

Kemess and lower Kemess creeks since TSF construction indicate there is no 
significant trend with time for char fry and juvenile densities.  The analyses did not 
detect significant differences between the lower Kemess Creek fry and juvenile 
densities and those measured in South and North Kemess creeks.  Fish densities at all 
locations are characterized by high variability amongst sites and over time.  
 

• The decline in fry densities in South Kemess Creek was not detected in the linear 
mixed model that reflects a trend of increasing densities since the TSF construction. 
Given the lack of char fry recruitment in South Kemess Creek in two of the past three 
years these changes should be reflected over time if they continue. 
 

• Char fry densities measured at index sites located upstream from the fishway in 
Tributary 4 in 2016 were double the average for the period since fishway construction 
with fry present at all locations. On the other hand, juvenile bull trout densities in 
2016 were approximately one-half of the historical average.  The 2016 results 
continue to indicate relatively low juvenile bull trout abundance compared to past 
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years, and an increased presence of Dolly Varden, including spawners, in the 
headwater habitats of Tributary 4. 
 

• Mean fry densities combined for the Kemess Watershed of just above 15 fry/100 m2 

in 2016 is close to the mean measured since 1995.  These densities follow a year of 
record high bull trout redd numbers mostly in the lower portions of the watershed.     
The long-term monitoring data indicates fry densities tend to not reflect the strength 
of the prior year’s redd abundance. The results suggest that mean char fry densities 
for the first 11 years of study are the same as for the past 12 years despite a significant 
increase in spawner abundance in the watershed between the two periods. 
 

• The age 1+ bull trout density in the Kemess Watershed in 2016 of 6 fish/100 m2 is 
close to the average measured since 1994.  These estimates are higher than those 
measured at index sites in upper Tributary 4 and in lower Attichika Creek.  
 

• Char fry fork lengths were above the average size since 1994 in lower Kemess and 
South Kemess creeks in 2016, while North Kemess char fry were close to the long-
term average. The South Kemess fry were almost 12 mm larger than prior to the TSP 
pumping and we assume the larger size reflects an earlier emergence leading to a 
longer growing season in 2016.   
 

• Yearling bull trout in all parts of the Kemess Watershed, lower Attichika and 
Tributary 4 were larger compared to the mean for all past years of sampling 
suggesting favourable rearing conditions in these watersheds.   
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Appendix 1 Table 1.  Kemess Creek Redd Count 2016.  

lower 0.37

DATE: Sept 8/16 GAUGE HT. (m): 0.53 Arch VISIB (m):

TEMP 
o
C: OBSER:

SECTION OF OBSERVATIONS: From South Kemess confluence downstream to the Attichika.

Survey from bridge to Attichika section done on Sept 12  2016

LOCATION MAP REDD SECTION
(m) Male Female ID # # WPT #

Start: North and South Kemess confluence 9 638954 6322580

380 1 1 1 22 9 638799 6322222

700 2 2 4 22 9 638516 6322027

700 3 3 22 9 638516 6322027

1150 4 4 5 20 9 638310 6321617

1150 5 5 20 9 638310 6321617

1150 6 6 20 9 638310 6321617

1500 7 7 6 19 9 638098 6321355

1670 8 8 18 9 637999 6321201

1830 Arch 

1910 9 9 8 15 9 637710 6321127

1930 10 10 9 15 9 637667 6321134

1930 11 11 15 9 637667 6321134

2030 12 12 10 15 9 637596 632069

2050 13 13 11 15 9 637612 6321021

2050 14 14 15 9 637612 6321021

2050 15 15 15 9 637612 6321021

2240 16 16 12 14 9 637558 6320821

2400 17 17 13 13 9 637417 6320733

2400 18 18 13 9 637417 6320733

2400 19 19 13 9 637417 6320733

2400 20 20 13 9 637417 6320733

2420 21 21 14 13 9 637422 6320701

2420 22 22 13 9 637422 6320701

2430 23 23 15 13 9 637400 6320701

2450 24 24 16 13 9 637423 6320663

2460 25 25 17 13 9 637433 6320645

2460 26 26 18 13 9 637425 6320637

19 Didymo card 

2620 27 27 20 12 9 637373 6320486

2620 28 28 12 9 637373 6320486

2610 29 29 21 12 9 637395 6320480

2630 30 30 22 12 9 637404 6320450

2630 31 31 12 9 637404 6320450

2630 Large male and small 32 32 12 9 637404 6320450

2780 female 33 33 23 11 9 637211 6320325

2780 34 34 11 9 637211 6320325

2780 35 35 11 9 637211 6320325

2930 36 36 24 10 9 637265 6320182

2950 37 37 25 10 9 637249 6320162

2950 Male and female 38 38 10 9 637249 6320162

4000 39 39 26 7 9 636904 6319137

4000 40 40 7 9 636904 6319137

4000 41 41 7 9 636904 6319137

4050 42 42 27 7 9 636898 6319080

4200 43 43 28 7 9 636838 6318950

good- higher flows

5-9 C @ 8:00 to 16:30 JH/DB

BULL  TROUT UTMCOMMENTS:



Appendix 1 Table 1.  Kemess Creek Redd Count 2016.  

lower 0.37

DATE: Sept 8/16 GAUGE HT. (m): 0.53 Arch VISIB (m):

TEMP 
o
C: OBSER:

SECTION OF OBSERVATIONS: From South Kemess confluence downstream to the Attichika.

Survey from bridge to Attichika section done on Sept 12  2016

LOCATION MAP REDD SECTION
(m) Male Female ID # # WPT #

good- higher flows

5-9 C @ 8:00 to 16:30 JH/DB

BULL  TROUT UTMCOMMENTS:

4200 44 44 7 9 636838 6318950

4270 45 45 29 7 9 636829 6318875

4340 46 46 30 6 9 636790 6318813

4340 47 47 6 9 636790 6318813

4340 48 48 6 9 636790 6318813

4340 49 49 6 9 636790 6318813

4390 One male bull trout 50 50 31 6 9 636771 6318759

4930 One male bull trout 32 Didymo card 5

5120 51 51 33 4 9 635959 6318418

5120 52 52 4 9 635959 6318418

5180 53 53 34 4 9 635897 6318391

5180 54 54 4 9 635897 6318391

5180 55 55 4 9 635897 6318391

5160 56 56 35 4 9 635839 6318454

5160 57 57 4 9 635839 6318454

5150 58 58 36 4 9 635809 638491

5220 59 59 37 4 9 635550 6318558

5290 60 60 38 4 9 635492 6318560

5340 61 61 39 3 9 635421 6318558

5340 62 62 3 9 635421 6318558

5400 63 63 40 3 9 635412 6318498

5790 Male bull trout carcass

6010 64 64 41 2 9 635341 6317760

6010 65 65 2 9 635341 6317760

6120 66 66 42 2 9 635274 6317677

6160 67 67 43 2 9 635247 6317654

6260 68 68 44 2 9 635230 6317552

6260 69 69 2 9 635230 6317552

6290 70 70 45 2 9 635220 6317512

6400 71 71 46 1 9 635138 6317424

6400 72 72 1 9 635138 6317424

6400 73 73 1 9 635138 6317424

6430 Bridge 9 635131 6317395

6510 74 74 124 1 9 635070 6317345

6560 75 75 125 1 9 635031 6317308

6730 76 76 126 1 9 634916 6317185

6770 77 77 127 1 9 634891 6317158

6784 78 78 128 1 9 634881 6317144

6960 End of survey at Attichika 9 634770 6317008

6 adults and 1 carcass 78 redds 



Appendix 1 Table 2.  North Kemess Creek Redd Count 2016.

DATE: GAUGE HT. (m): 0.19 VISIB (m):

TEMP 
o
C: OBSER:

SECTION OF OBSERVATIONS: From above NK 24 to NK I

MAP REDD SECTION

Male Female ID # # WPT # Z E N

Start: Above Section NK24 - Dry 9 645386 6323994

80 m Start of wetted channel 

120 m Channel dry again

226 m  Creek wetted from this point

600 m First DV observed

540 m Checked seepage behind hill 2DV redds and 4 fish 88 9 644868 6324144

640-1000 m 5 DV

Download of Hobo logger #10687296 (UTB1-001) successful

This logger was installed in 2015

1480 m Uppermost beaver dam in headwaters…barrier 89 9 644163 6324839

1930 m DV fry downstream from dams 90

2010 DV redd 91 9 643753 6325169

2050 Group DV or hybrid 92 9 643726 6325204

2090 1 DV

2550 Log structure at this point has collasped and not a barrier (#93). 9 643264 6325408

2850 m 1.5 m high beaver dam 94 9 642934 6325408

Trib 3 - 7 C 95 9 642495 6325468

4130 m 79 1 97 12 9 641483 6325360

4140 m 80 2 98 12 9 641473 6325367

4140 m 81 3 12 9 641473 6325367

4300 m 82 4 99 12 9 641303 6325357

4270 m 83 5 100 12 9 641319 6325317

4570 m Log with branches - difficult passage 101 12 9 640956 6325163

5550 m Alternative sidechannel for NK4 site -50 m downstream 9 639822 6323991

5630 m 84 6 103 7 9 639748 6323747

5680 m 85 7 104 7 9 639704 6323661

6030 m Beaver dam - 0.8 m high on main channel 105

6090 m 86 8 106 5 9 639360 6323020

6090 m 87 9 5 9 639360 6323020

6090 m 88 10 5 9 639360 6323020

6090 m 89 11 5 9 639360 6323020

6090 m 90 12 5 9 639360 6323020

6270 m 91 13 107 5 9 639210 6322844

6290 m 92 14 108 5 9 639105 6322735

6440 m 93 15 109 4 9 639061 6322734

6570 End of survey

Temps @16:45 hr North Kemess = 9 C

Beaver dams have affected bt and DV distribution in the upper section of North Kemess.

Trib 3

No survey conducted in 2016 due to the presence of a large male grizzly bear near stream along survey route on Sept 11.  

Pilot removed crew from area.  

TOTAL: 15 redds

COMMENTS:

Sept 10/16 good - higher flows

4 C @ 8:30 hr JH/DB

LOCATION BULL  TROUT UTM



Appendix 1 Table 3.  South Kemess Creek Redd Count 2016.

DATE: GAUGE HT. (m): 0.346 VISIB (m):

TEMP C: 7 C @ 14:00hr OBSER:

SECTION OF OBSERVATIONS: Surveyed from South Kemess confluence upstream to Seepage Pond.

MAP REDD

Male Female ID # # Z E N

Start: Confluence with North Kemess. 9 638960 6322578

Site 1 - 1 m^2 marginally suitable 9 639386 6322475

488 Site 2 - marginal  - 2 m^2 9 639403 6322463

94 1 2nd road crossing - limited gravel 639544 6322391

666 95 2 Site 4- large redd lots of gravel 2*3 m^2 9 639549 6322354

96 3 Natural 9 639625 6322354

768 97 4 Natural 9 639688 6322364

877 98 5 Site 6 - limited gravel 1*2m 9 639774 6322336

866 99 6 Natural 9 639782 6322348

959 Site 8 - 1 m*0.7.  Test dig 9 639875 6322347

1070 Site 9 - potential 1*1 m

1150 Site 10 - low potential due to fast cobble. Left side functioning 

3 sites constructed in old S. Kemess - flows quite fast - no redds.

1250 End of survey

Note Seepage from overflow channel contributing more than 95% of total flow to South Kemess during this survey

Gate nearly closed on bypass.

Downloaded  new Hobo logger installed onto upper staff gauge with wire - Unit# 10687300 9 640023 6322321

Initial effort didnt work due to full shuttle.  Returned on Sept 13 and downloaded successfully 

End: Seepage Recycle Pond. Spawning Sites #1; 2,4, 6, 8 and 9 - functioning 

4 redd non-constructed sites Spawning Site 10  not functioning at constructed site.

2 redds on constructed sites

TOTALS: 0 0 6

REDDS

Sept 7/16 low flows Lower gauge = 0.37

DB

LOCATION BULL  TROUT UTMCOMMENTS:



Appendix 1 Table 3a.  Location of bull trout redds in South

Kemess Creek for period 1999 to 2016 by section.

Section 0-400 m 400-800 m 800-1200 m Total

1999 0 0 0 0

2000 0 0 3 3

2001 0 2 5 7

2002 0 2 4 6

2003 0 0 4 4

2004 0 0 3 3

2005 0 0 5 5

2006 0 0 4 4

2007 0 0 5 5

2008 0 0 6 6

2009 0 2 3 5

2010 0 2 7 9

2011 0 0 1 1

2012 0 0 6 6

2013 0 0 4 4

2014 0 2 5 7

2015 0 2 3 5

2016 0 4 2 6

Total 0 16 70 86

% 0.0 18.6 81.4

Section is distance upstream from Kemess Creek confuence to spillway.

Number of redds 



Appendix 1 Table 4.  Tributary 4 Redd Count 2016.

DATE: GAUGE HT. (m):moderate flow VISIB (m):

TEMP 
o
C: OBSER:

SECTION OF OBSERVATIONS: Surveyed from Upper South Fork d/s to fishway

MAP REDD

Male Female ID # # WPT Z E N

Start: Upper forks 1370 m above the Ice Falls in 2016. 9 9 620697 6312880

124 Junction of seepage and mainstem 1 DV 9 620797 6312955

150 100 1 114 9 620797 6312997

180 15 DV

200 6 DV

220 101 2 115 9 620751 6313094

230 102 3 116 9 620761 6313097

270 6 DV

1370 Ice Falls 9 620726 6314245

1470 Constructed site - no potential

1890 Constructed site - no potential 620336 6314759

1930 124 Site #4 - not functioning 9 620439 6314787

  Hobo 10687294 installed in 2015 not donwloaded.  Shuttle full.  Light working

2500-2570 - three beaver dams all re-built Beaver dam 1 - 0.5 m high.

Beaver dam 2  - 0.8 m

Beaver dam 3 - 0.75 m

These three beaver dams were opened manually on August 18 and August 23rd during juvenile surveys

2990 103 4 122 9 620431 6315852

Upper fishway  - opened right and closed left side

4120 Adjusted logs in both lower fishways.  

All steps intact

4 hour survey 

Note: One large male bt observed above first beaver dam on August 18 prior to opening

Two large bt noted in mid-section of middle fishway on August 23.  No redd during adult surveys. 

TOTALS: 0 0 4

Sept 11/16

SOUTH FORK

JH/DB

LOCATION

good

3 C in Upper S. Fork

BULL  TROUT UTM

@ 8:30 hr

COMMENTS:



Appendix 1 Table 5.  Bull Trout Spawner and Redd Counts in Tributary 4 above Fishway 

                                    from 1995 to 2016.

LOCATION YEAR BT REDDS UNSPAWNED SURVEY 

ADULTS FEMALES DATE

South Fork above Ice Falls 2003 0 1 0 Sep-13

2004 0 0 0 Sep-16

2005 0 1 0 Sep-13

2006 0 0 0 Sep 13

2007 1 3 0 Sep 11

2008 0 6 0 Sep-10

2009 0 3 0 Sep-10

2010 0 2 0 Sep-10

2011 0 4 0 Sep-12

2012 0 3 0 Sep-12

2013 0 5 0 Sep-13

2014 0 4 0 Sep-11

2015 0 7 0 Sep-12

2016 0 3 0 Sep-11

South Fork between Ice Falls 1999 2 1 0 Sep-07

and fishway 2000 0 4 0 Sep-05

2001 0 0 0 Sep-10

2002 0 3 0 Sep-13

2003 1 6 0 Sep-13

2004 0 4 0 Sep-16

2005 1 7 0 Sep-9

2006 0 4 0 Sep 13

2007 0 2 0 Sep 11

2008 0 5 0 Sep-10

2009 0 8 0 Sep-10

2010 0 4 0 Sep-10

2011 0 4 0 Sep-12

2012 0 7 0 Sep-12

2013 0 3 0 Sep-13

2014 0 2 0 Sep-11

2015 0 2 0 Sep-12

2016 0 1 0 Sep-11

Combined Above Fishway 1999 2 1 0 Sep-07

2000 0 4 0 Sep-05

2001 0 0 0 Sep-10

2002 0 3 0 Sep-13

2003 1 7 0 Sep-13

2004 0 4 0 Sep-16

2005 1 8 0 Sep-9

2006 0 4 0 Sep 13

2007 1 5 0 Sep 11

2008 0 11 0 Sep-10

2009 0 11 0 Sep-10

2010 0 6 0 Sep-10

2011 0 8 0 Sep-12

2012 0 10 0 Sep-12

2013 0 8 0 Sep-13

2014 0 6 0 Sep-11

2015 0 9 0 Sep-12

2016 0 4 0 Sep-11
Mean (1999-2016) 6.1 0



Appendix 1 Table 6.  Attichika Lower and Mid-Reach Redd Count 2016.

DATE: GAUGE HT. (m): low to mod VISIB (m):

TEMP 
o
C: OBSER:

SECTION OF OBSERVATIONS: Mid section of Attichika

MAP REDD

Male Female ID # # WPT# Z E N

Start (m) 9 645587 6311862

367 104 1 48 9 645217 6311870

367 105 2 9 645217 6311870

367 106 3 9 645217 6311870

382 107 4 49 9 645303 6311872

679 108 5 50 9 644946 6312111

840 Beaver dam 1 m high - side channel around 9 644771 6312090

813 109 6 9 644780 6311995

1090 110 7 54 9 644452 6311826

1090 111 8 55 9 644498 6311811

1090 112 9 9 644498 6311811

1230 113 10 56 9 644369 6311701

1250 114 11 57 9 644343 6311706

1320 115 12 58 9 644276 6311685

1830 116 13 59 9 643764 6311713

1830 117 14 9 643764 6311713

1860 Pair of fish still 118 15 60 9 643733 6311662

1950 spawning 119 16 61 9 643641 6311649

2030 120 17 62 9 643952 6311766

2030 121 18 9 643952 6311766

2030 122 19 9 643952 6311766

2080 123 20 63 9 643512 6311699

2230 124 21 64 9 643374 6311582

2280 125 22 65 9 643329 6311549

2500 126 23 66 9 643129 6311381

2520 1 bt carcass 127 24 67 9 643118 6311350

2620 128 25 68 9 643025 6311310

2660 1 bt carcass 129 26 69 9 642991 6311268

3130 End of survey - impoundment from 2 downstream beaver dams - 9 642530 6311191

Survey time = 3 hours 30 minutes - 5.7 km walking distance

0 Zero distance at lower of two dams.  Lower dam is 1.5 m high. 9 641405 6311486

Lower dam appears passable via channel on river right side -photo

220 130 27 70 9 641191 6311527

230 131 28 71 9 641175 6311467

230 132 29 9 641175 6311467

300 133 30 73 9 641099 6311495

319 134 31 74 9 641091 6311535

Thorne confluence 

460 135 32 76 9 641029 6311747

498 1 male bull trout

650 136 33 77 9 640841 6311840

650 137 34 9 640841 6311840

Poor visibility in this section-tough to see redds.

1500 Unspawned pair 138 35 78 9 640143 6312301

COMMENTS:

Sept 9/2016

mod in lower system

LOCATION

good upper Attichika 

 9 C @ 8:30 hr

BULL  TROUT UTM

Rain JH/DB/ZS



Appendix 1 Table 6.  Attichika Lower and Mid-Reach Redd Count 2016.
1520 139 36 79 9 640136 6312829

2220 140 37 80 9 640027 6313353

2220 141 38 80 9 640027 6313353

2400 142 39 81 9 639971 6313415

3148 143 40 83 9 639352 6313862

3230 144 41 84 9 639240 6313953

3230 145 42 9 639240 6313953

3230 146 43 9 639240 6313953

3410 147 44 85 9 639136 6314015

3410 148 45 9 639136 6314015

3520 End of survey ATT2N 9 639026 6314086

Ended survey ~ 300 m upstream from Attichika bridge - end of redds based on past aerial surveys

Bridge TOTALS: Total of 45 redds - Corrected for comparable section of 34 redds for 2016 9 638702 6314295

Note:  Mean of 15 years to 2009 in Thorne to 1 km d/s = 3 redds 

Assume beaver dams have led to more spawning below the dams.  Corrected Attichika count to this

point by historical mean of 3 yields a 2016 estimate of 34 redds 

Kemess confluence - Re-zero distance.  Moderate flow conditions

625 149 1 130 9 634231 6317325

610 150 2 131 9 634236 6317307

610 151 3 9 634236 6317307

620 152 4 132 9 634211 6317278

650 Bottom of first river meander loop

728 Recommended location for difuser

1040 See habitat survey 153 5 133 9 633716 6317123

1270 1 male bull trout 134 9 633497 6317096

1780 154 6 135 9 633051 6317364

2210 Gauge at WQ18=20 cm 136 9 632605 6317477

2560 Old redd or test dig below debris jam 137 9 632274 6317601

3000 No potential spawning from here donwstream ATTMOUTH

4890 End of survey at Thutade Lake. 9 630015 6315845

TOTALS: Lower Attichka = 6 redds



Appendix 1 Table 7.  Location of UTM's at Bull Trout Redds in the Thutade Watershed, 2016.

MAP

ID SYSTEM REDD # Z E N

1 LOWER KEMESS 1 9 638799 6322222

2 LOWER KEMESS 2 9 638516 6322027

3 LOWER KEMESS 3 9 638516 6322027

4 LOWER KEMESS 4 9 638310 6321617

5 LOWER KEMESS 5 9 638310 6321617

6 LOWER KEMESS 6 9 638310 6321617

7 LOWER KEMESS 7 9 638098 6321355

8 LOWER KEMESS 8 9 637999 6321201

9 LOWER KEMESS 9 9 637710 6321127

10 LOWER KEMESS 10 9 637667 6321134

11 LOWER KEMESS 11 9 637667 6321134

12 LOWER KEMESS 12 9 637596 6321069

13 LOWER KEMESS 13 9 637612 6321021

14 LOWER KEMESS 14 9 637612 6321021

15 LOWER KEMESS 15 9 637612 6321021

16 LOWER KEMESS 16 9 637558 6320821

17 LOWER KEMESS 17 9 637417 6320733

18 LOWER KEMESS 18 9 637417 6320733

19 LOWER KEMESS 19 9 637417 6320733

20 LOWER KEMESS 20 9 637417 6320733

21 LOWER KEMESS 21 9 637422 6320701

22 LOWER KEMESS 22 9 637422 6320701

23 LOWER KEMESS 23 9 637400 6320701

24 LOWER KEMESS 24 9 637423 6320663

25 LOWER KEMESS 25 9 637433 6320645

26 LOWER KEMESS 26 9 637425 6320637

27 LOWER KEMESS 27 9 637373 6320486

28 LOWER KEMESS 28 9 637373 6320486

29 LOWER KEMESS 29 9 637395 6320480

30 LOWER KEMESS 30 9 637404 6320450

31 LOWER KEMESS 31 9 637404 6320450

32 LOWER KEMESS 32 9 637404 6320450

33 LOWER KEMESS 33 9 637211 6320325

34 LOWER KEMESS 34 9 637211 6320325

35 LOWER KEMESS 35 9 637211 6320325

36 LOWER KEMESS 36 9 637265 6320182

37 LOWER KEMESS 37 9 637249 6320162

38 LOWER KEMESS 38 9 637249 6320162

39 LOWER KEMESS 39 9 636904 6319137

40 LOWER KEMESS 40 9 636904 6319137

41 LOWER KEMESS 41 9 636904 6319137

42 LOWER KEMESS 42 9 636898 6319080

43 LOWER KEMESS 43 9 636838 6318950

44 LOWER KEMESS 44 9 636838 6318950

45 LOWER KEMESS 45 9 636829 6318875

46 LOWER KEMESS 46 9 636790 6318813

47 LOWER KEMESS 47 9 636790 6318813

48 LOWER KEMESS 48 9 636790 6318813

49 LOWER KEMESS 49 9 636790 6318813

50 LOWER KEMESS 50 9 636771 6318759

UTM



Appendix 1 Table 7.  Location of UTM's at Bull Trout Redds in the Thutade Watershed, 2016.

MAP

ID SYSTEM REDD # Z E N

UTM

51 LOWER KEMESS 51 9 635959 6318418

52 LOWER KEMESS 52 9 635959 6318418

53 LOWER KEMESS 53 9 635897 6318391

54 LOWER KEMESS 54 9 635897 6318391

55 LOWER KEMESS 55 9 635897 6318391

56 LOWER KEMESS 56 9 635839 6318454

57 LOWER KEMESS 57 9 635839 6318454

58 LOWER KEMESS 58 9 635809 6318491

59 LOWER KEMESS 59 9 635550 6318558

60 LOWER KEMESS 60 9 635492 6318560

61 LOWER KEMESS 61 9 635421 6318558

62 LOWER KEMESS 62 9 635421 6318558

63 LOWER KEMESS 63 9 635412 6318498

64 LOWER KEMESS 64 9 635341 6317760

65 LOWER KEMESS 65 9 635341 6317760

66 LOWER KEMESS 66 9 635274 6317677

67 LOWER KEMESS 67 9 635247 6317654

68 LOWER KEMESS 68 9 635230 6317552

69 LOWER KEMESS 69 9 635230 6317552

70 LOWER KEMESS 70 9 635220 6317512

71 LOWER KEMESS 71 9 635138 6317424

72 LOWER KEMESS 72 9 635138 6317424

73 LOWER KEMESS 73 9 635138 6317424

74 LOWER KEMESS 74 9 635070 6317345

75 LOWER KEMESS 75 9 635031 6317308

76 LOWER KEMESS 76 9 634916 6317185

77 LOWER KEMESS 77 9 634891 6317158

78 LOWER KEMESS 78 9 634881 6317144

79 NORTH KEMESS 79 9 641483 6325360

80 NORTH KEMESS 80 9 641473 6325367

81 NORTH KEMESS 81 9 641473 6325367

82 NORTH KEMESS 82 9 641303 6325357

83 NORTH KEMESS 83 9 641319 6325317

84 NORTH KEMESS 84 9 639748 6323747

85 NORTH KEMESS 85 9 639704 6323661

86 NORTH KEMESS 86 9 639360 6323020

87 NORTH KEMESS 87 9 639360 6323020

88 NORTH KEMESS 88 9 639360 6323020

89 NORTH KEMESS 89 9 639360 6323020

90 NORTH KEMESS 90 9 639360 6323020

91 NORTH KEMESS 91 9 639210 6322844

92 SOUTH KEMESS 92 9 639105 6322735

93 SOUTH KEMESS 93 9 639061 6322734

94 SOUTH KEMESS 94 9 639544 6322391

95 SOUTH KEMESS 95 9 639549 6322354

96 SOUTH KEMESS 96 9 639625 6322354

97 SOUTH KEMESS 97 9 639688 6322364

98 SOUTH KEMESS 98 9 639774 6322336

99 SOUTH KEMESS 99 9 639782 6322348

100 UPPER TRIB 4 100 9 620797 6312997



Appendix 1 Table 7.  Location of UTM's at Bull Trout Redds in the Thutade Watershed, 2016.

MAP

ID SYSTEM REDD # Z E N

UTM

101 UPPER TRIB 4 101 9 620751 6313094

102 UPPER TRIB 4 102 9 620761 6313097

103 UPPER TRIB 4 103 9 620431 6315852

104 ATTICHIKA 104 9 645217 6311870

105 ATTICHIKA 105 9 645217 6311870

106 ATTICHIKA 106 9 645217 6311870

107 ATTICHIKA 107 9 645303 6311872

108 ATTICHIKA 108 9 644946 6312111

109 ATTICHIKA- beaver dam 109 9 644780 6311995

110 ATTICHIKA 110 9 644452 6311826

111 ATTICHIKA 111 9 644498 6311811

112 ATTICHIKA 112 9 644498 6311811

113 ATTICHIKA 113 9 644369 6311701

114 ATTICHIKA 114 9 644343 6311706

115 ATTICHIKA 115 9 644276 6311685

116 ATTICHIKA 116 9 643764 6311713

117 ATTICHIKA 117 9 643764 6311713

118 ATTICHIKA 118 9 643733 6311662

119 ATTICHIKA 119 9 643641 6311649

120 ATTICHIKA 120 9 643952 6311766

121 ATTICHIKA 121 9 643952 6311766

122 ATTICHIKA 122 9 643952 6311766

123 ATTICHIKA 123 9 643512 6311699

124 ATTICHIKA 124 9 643374 6311582

125 ATTICHIKA 125 9 643329 6311549

126 ATTICHIKA 126 9 643129 6311381

127 ATTICHIKA 127 9 643118 6311350

128 ATTICHIKA 128 9 643025 6311310

129 ATTICHIKA 129 9 642991 6311268

130 ATTICHIKA 130 9 641191 6311527

131 ATTICHIKA 131 9 641175 6311467

132 ATTICHIKA 132 9 641175 6311467

133 ATTICHIKA 133 9 641099 6311495

134 ATTICHIKA 134 9 641091 6311535

135 ATTICHIKA 135 9 641029 6311747

136 ATTICHIKA 136 9 640841 6311840

137 ATTICHIKA 137 9 640841 6311840

138 ATTICHIKA 138 9 640143 6312301

139 ATTICHIKA 139 9 640136 6312829

140 ATTICHIKA 140 9 640027 6313353

141 ATTICHIKA 141 9 640027 6313353

142 ATTICHIKA 142 9 639971 6313415

143 ATTICHIKA 143 9 639352 6313862

144 ATTICHIKA 144 9 639240 6313953

145 ATTICHIKA 145 9 639240 6313953

146 ATTICHIKA 146 9 639240 6313953

147 ATTICHIKA 147 9 639136 6314015

148 ATTICHIKA 148 9 639136 6314015



Appendix 1 Table 8a.  Summary of bull trout redd locations in the lower reach of 

                        Attichika Creek from 2014 to 2016.

2014 2015 2016 Total

Kemess Creek to discharge pipe 2 5 4 11

700 m IDZ Zone 1 1* 1 3

700-1500 m 2 2 1 5

Below 1500 m 0 0 0 0

Total redds in Attichika d/s Kemess Creek 5 8 6 19

Total Attichika and Kemess Combined 151 158 147 456

* last year's redd observed in 2016 habitat assessment

Specific redds distance (m) d/s 560 390* 360

from discharge pipe 1270 910 1130

1360 1270

3 redds in 700 m IDZ 0.6%

8 redds d/s of Discharge Pipe 1.7%

Redd Locations Over Time - Lower Attichika

(Kemess Creek to Thutade Lake)

Redd # Year

1 2014 634220 6317305

2 2014 634220 6317305

3 2014 633566 6317155

4 2014 632886 6317425

5 2014 632211 6317567

6 2015 634228 6317325

7 2015 634226 6317315

8 2015 634223 6317310

9 2015 634227 6317309

10 2015 634192 6317242

11 2015 633497 6317096

12 2015 633225 6317279

13 2015 632892 6317430

14 2016 634231 6317325

15 2016 634236 6317307

16 2016 634236 6317307

17 2016 634211 6317278

18 2016 633716 6317123

19 2016 633051 6317364

UTM (9V)



Appendix 1 Table 8b.  Estimated bull trout spawning habitat downstream from 

                        treated water discharge pipe.

Downstream Distance (m) in IDZ Total  potential bull trout spawning habitat (m
2
)

0 to 100 3

101-200 0

201-300 38

301-400 371

401-500 120

501-600 0

601-700 10

701-1000 110

>1000 m nm

Total 652

Conducted September 13, 2016 by Hagen and Bustard

nm - not measured; potential habitat ends ~ 2.5 km downstream

IDZ - Initial dilution zone.  Distance not confirmed.



Appendix 2 Table 1. Kemess Watershed Monthly summary of streamflow data for period 2008 to 2016 (from Beaudry et al. 2016).

Jan Feb March April May June July Aug Sept Oct Nov Dec

WQ-01 2008 12.9 31-May N/a N/a N/a 1.1 5.1 7.7 4.4 1.5 1.0 0.9 N/a N/a

Lower 2009 19.4 08-Jun N/a 0.97 1.1 1.1 2.2 11.7 4.9 1.1 0.9 1.0 N/a N/a

Kemess 2010 6.5 19-May N/a N/a N/a N/a 2.3 3.6 1.8 0.7 1.6 1.5 N/a N/a

2011 9.7 28-May N/a N/a N/a N/a 4.9 6.1 3.0 3.1 2.6 N/a N/a N/a

2012 15.0 24-Jun N/a N/a N/a 0.7 1.7 8.9 3.9 1.0 0.7 0.7 N/a N/a

2013 7.6 31-May N/a N/a N/a N/a 2.9 4.3 3.0 1.0 0.7 0.5 N/a N/a

2014 10.8 23-May N/a N/a N/a 0.9 10.8 10.3 6.3 1.5 1.8 2.1 N/a N/a

2015 18.5 16 May N/a N/a N/a 1.4 9.9 5.0 2.4 2.9 1.7 3.0 N/a N/a

2016 7.0 07-Jun N/a N/a N/a 1.2 4.6 4.8 3.3 1.5 1.9 1.8 N/a N/a

WQ-04 2008 7.5 29-May N/a N/a N/a N/a 7.45 (17) 3.9 2.2 0.9 0.6 1.27 (15) N/a N/a

North 2009 7.7 10-Jun N/a N/a N/a N/a 1.6 5.2 2.2 N/a 0.7 N/a N/a N/a

Kemess 2010 3.6 02-Jun N/a N/a N/a 0.6 2.2 2.2 1.1 0.6 0.9 1.0 N/a N/a

2011 8.9 28-May N/a N/a N/a N/a 5.2 3.2 1.2 1.1 1.0 0.62 (13) N/a N/a

2012 13.2 24-Jun N/a N/a N/a N/a 0.7 5.5 1.8 0.5 0.4 0.4 N/a N/a

2013 8.6 27-Jun N/a N/a N/a N/a 2.2 3.7 2.8 1.1 0.7 0.7 N/a N/a

2014 8.7 30-May N/a N/a N/a 0.3 3.3 4.8 1.9 0.7 0.6 0.8 N/a N/a

2015 10.9 24 May N/a N/a N/a 0.3 4.6 2.6 1.3 1.5 1.0 1.8 N/a N/a

2016 4.9 05-Jun N/a N/a N/a 0.5 2.9 3.1 2.5 1.1 1.2 1.1 (15)

WQ-05 2008 1.9 30-May N/a N/a N/a N/a 1.85 (17) 1.1 0.9 0.4 0.2 0.26 (15) N/a N/a

South 2009 2.7 09-Jun N/a N/a N/a N/a N/a 1.8 1.0 0.3 0.5 0.3 N/a N/a

Kemess 2010 1.5 25-Jun N/a N/a N/a 0.2 0.5 1.0 0.6 0.3 0.6 0.3 N/a N/a

2011 2.3 28-May N/a N/a N/a N/a 0.9 1.2 0.4 0.7 0.6 0.17 (13) N/a N/a

2012 3.3 24-Jun N/a N/a N/a N/a 0.2 1.8 1.1 0.4 0.3 0.3 N/a N/a

2013 1.9 31-May N/a N/a N/a N/a 0.7 1.0 0.8 0.3 0.4 0.3 0.6 N/a

2014 2.0 30-May N/a N/a N/a 0.3 0.9 1.4 0.9 0.4 0.5 0.5 0.4 N/a

2015 2.0 28 May N/a N/a N/a 0.2 1.1 1.1 0.6 0.8 0.5 0.8 N/a N/a

2016* 1.5 10-Jun N/a N/a N/a 0.3 0.8 1.1 0.8 0.5 0.4 0.5 N/a N/a
1
Note: The number in parenthesis represents the number of days in the months of available data for incomplete months.

* Analomous peak flow of 1.8 cms on Aug 17/16

Site Year

Peak 

flow 

(cms)

Date of 

Peak 

flow

Average Flow by Month (cms)
1



Appendix 2 Table 2.  Bull trout incubation temperatures (˚C) by year and system for 

the bull trout incubation period. 

Lower  South @ Niven Lower S Fork South Pass Upper Lower Kemess

South Mill Attichika Trib 16 Niven Trib 4 North North Arch

2007-2008 0.9 1.6 1.4 0.3 0.6 0.3 0.7 1.3 0.0 0.4

2008-2009 1.1 1.8 1.2 0.4 0.5 0.7 1.1 0.0 0.9

2009-2010 1.8 1.4 0.3 0.4 0.8 1.4

2010-2011 1.7 0.5 1.4

2011-2012 1.1 1.8 0.5

2012-2013 1.1 2.1 0.7 1.5 0.5 0.9

2013-2014 2.4 3.5 0.7 1.7 0.8 na

2014-2015 2.8 na 0.7 2.0 na na

2015-2016 2.7 3.4 na 2.0 1.0 1.5

Blank years equipment malfunction or removed for winter or discontinued.

Mean temperatures for period September 15 to May 15 of each year - total 227 days. 

Mean is based on hourly readings averaged for entire time period. 



 

 

Appendix 2 Figure 1.  Discharges in Lower Kemess (WQ-1) and South Kemess (WQ-5)                                    
creeks in 2016 from (Beaudry and Associates Ltd. 2016). 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



SITE:  TP1 REACH: MAP: PHOTO: 51/52 DATE:  Aug 22/16

SITE LOCATION: As in past years

UTM:             09 V0638960 6322578 ACCESS:  Walk

EFFORT: PASS 1 1644 secs

PASS 2 1544 secs

M = MARGIN / F = FULL: F

 SLOPE (%): 3.0 TEMP (
o
C): 3

S = SIDE / M = MAIN: S TIME:  8:20
COND (uS): n/a

SAMPLING COMMENTS: Flows reduced for sampling - effective sample pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 51-54 48.3 2 1 3 4.0 3.5 0.016 8.0
DV >1+ 68.0 68 0 1 1 1.0 0.0 0.004 2.0
BT 1+ 98 98.0 0 1 1 1.0 0.0 0.004 2.0
BT 2+ 0.0 0.0 0.000 0.0
BT =>3+ 0.0 0.0 0.000 0.0
RBT 1+ 126 126.0 1 0 1 1.0 0.0 0.004 2.0
RBT 0 + 0.0 0.0 0.000 0.0
MW all 0.0 0.0 0.000 0.0
TOTAL 7.0 0.028 14.0

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 5.3 LOD POOL 5 30
3 4.0 COBBLE 95                RIFFLE 95 14
6 4.6 IN VEG RUN
9 4.0 OVER VEG 2 OTHER

12 4.2 CUTBANK 3
15 4.0 DEEP POOL
18 4.6 D90/50: 35/10
20 3.9 TOTAL: (cm)
24 4.9

_________
4.4

AREA (m
2
): 254.4 MARGIN (m): 50 Sidechannel =not wetted 

HABITAT COMMENTS: Site unchanged from past years and flows are low due to reduced releases.
Large male bull trout dropped down through site prior to installing net.  Finished ?
Sidechannel at bottom dry Rbt - 126 mm = scale regenerated
Upper  gauge = 0.34 Didymo - ~30%.

PASS

SOUTH KEMESS ELECTROFISHING 2016



SITE:  TP2 REACH: 2 MAP: PHOTO: na63/64 DATE:  Aug 22/16

SITE LOCATION: Between spawning Sites 9 and 10.

UTM:             09 V 0640077 6322343 ACCESS:  Walk

EFFORT: PASS 1 808 secs
PASS 2 728 secs

M = MARGIN / F = FULL: F
SLOPE (%):  2.0 TEMP (

o
C): 7.0

S = SIDE / M = MAIN: S TIME:  17:00
COND (uS): n/a

SAMPLING COMMENTS: pH: n/a
Site has been moved  downstream to avoid adult fish since 2006.

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 46-33 49.5 1 1 2 2.0 na 0.012 7.0
DV >1+ 0 0.0 0.0 0.000 0.0
BT 1+ 0 0.0 0.0 0.000 0.0
BT 2+ 105-132 119.7 1 2 3 3.0 3.5 0.018 10.5
BT =>3+ 0 0.0 0.0 0.000 0.0
MW 1+ 0 0.0 0.0 0.000 0.0
RBT >1+ 152 152.0 1 0 1 1.0 0.0 0.006 3.5
Sculpin sp. all 0 0.0 0.0 0.000 0.0
TOTAL 6.0 0.036 21.1

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 6.0 LOD POOL
3 4.7 COBBLE 80                RIFFLE 70 17
6 5.0 IN VEG RUN 30 36
9 6.6 OVER VEG 10 OTHER

12 6.9 CUTBANK 10
15 DEEP POOL
18 D90/50: 20/12
20 TOTAL: (cm)
24

_________
5.8

AREA (m
2
): 166.4 MARGIN (m): 28.5

HABITAT COMMENTS: Didymo ~ 25%
All sites sampled in one day.
Sampling conditions were much more suitable than in 2015.  
Gauge = 0.34;  Equivalent to 0.45 m^3/s
Rbt - 152 mm was aged 2+

PASS

SOUTH KEMESS ELECTROFISHING 2016



SITE: TP3 REACH: MAP: PHOTO: 53/54 DATE:  Aug 22/16

SITE LOCATION:  Lower road crossing

UTM:             09 V 0639315 6322464 ACCESS:  Walk

EFFORT: PASS 1 1110 secs
PASS 2 743 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 3 TEMP (

o
C): 6

S = SIDE / M = MAIN: S TIME:  11:20
COND (uS): n/a

SAMPLING COMMENTS: Same site as past years pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 51-58 54.5 6 2 8 9.0 2.1 0.050 32.1
DV >1+ 125-161 147.3 3 0 3 3.0 0.0 0.017 10.7
BT 1+ 98.0 98 1 0 1 1.0 0.0 0.006 3.6
BT 2+ 106-122 127.0 2 1 3 4.0 3.5 0.022 14.3
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 198 198.0 1 0 1 1.0 0.0 0.006 3.6
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 18.0 0.100 64.3

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 5.9 LOD 4 POOL
3 6.0 COBBLE 90                RIFFLE 75 19
6 6.2 IN VEG RUN 25 27
9 7.4 OVER VEG 3 OTHER

12 7.2 CUTBANK 3
15 6.0 DEEP POOL
18 D90/D50: 40/15
20 TOTAL: 100 (cm)
24

_________
6.5

AREA (m
2
): 180.6 MARGIN (m): 28.0

HABITAT COMMENTS:
Estimate ~0.5 m3/s

PASS

SOUTH KEMESS ELECTROFISHING 2016



SITE: TP4 REACH: MAP: PHOTO: 55/56 DATE:  Aug 22/16

SITE LOCATION:  Second road crossing

UTM:             09 V 0639549  6322383 ACCESS:  Walk

EFFORT: PASS 1 1391 secs
PASS 2 1066 secs

M = MARGIN / F = FULL: F
 SLOPE (%): 2.5 TEMP (

o
C): 7.0

S = SIDE / M = MAIN: S TIME:  13:30
COND (uS): 

SAMPLING COMMENTS: Same site as past years pH:

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 47-59 53 6 3 9 12.0 6.0 0.047 29.3
DV >1+ 0 0.0 0.0 0.000 0.0
BT 1+ 76-97 85.5 5 3 8 12.5 10.6 0.049 30.5
BT 2+ 103-108 105.3 3 0 3 3.0 0.0 0.012 7.3
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 163 163.0 1 0 1 1.0 0.0 0.004 2.4
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 28.5 0.111 69.5

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 6.2 LOD 2 POOL
3 6.4 COBBLE 85                RIFFLE 80 16
6 7.5 IN VEG RUN 20 20
9 8.1 OVER VEG 8 OTHER

12 4.6 CUTBANK 5
15 4.9 DEEP POOL
18 D90/D50: 45/12
20 TOTAL: 90 (cm)
24

_________
6.3

AREA (m
2
): 257.6 MARGIN (m): 41.0

HABITAT COMMENTS:
Didymo ~35%
Effective sample. Upper road crossing.

PASS

SOUTH KEMESS ELECTROFISHING 2016



SITE: TP5 REACH: MAP: PHOTO: 57/58 DATE:  Aug 22/2016

SITE LOCATION:  Constructed side channel

UTM:             09 V 0639616 6322240 ACCESS:  Hel

EFFORT: PASS 1 711 secs

PASS 2 417 secs

M = MARGIN / F = FULL: F

 SLOPE (%):  1.0 1 TEMP (
o
C): 8.0

S = SIDE / M = MAIN: M TIME:  16:00
COND (uS): n/a

SAMPLING COMMENTS: Same site as past years- but more flow since 2014. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 50-56 53 4 0 4 4.0 0.0 0.056 13.3
DV >1+ 86-107 99.6 4 1 5 5.3 1.0 0.075 17.8
BT 1+ 82.0 82 1 0 1 1.0 0.0 0.014 3.3
BT 2+ 102-148 113.3 7 0 7 7.0 0.0 0.098 23.3
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 17.3 0.243 57.8

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.0 LOD POOL
3 2.2 COBBLE 80                RIFFLE 20 10
6 2 IN VEG RUN 80 21
9 2.3 OVER VEG 20 OTHER

12 CUTBANK
15 DEEP POOL
18 D90/D50: 25/13
20 TOTAL: 80 (cm)
24

_________
2.4

AREA (m
2
): 71.3 MARGIN (m): 30.0

HABITAT COMMENTS: Some Didymo <5%.  Lots of green algae.
Discharge as left in 2014 after repair ~ 60 l/s.

PASS

SOUTH KEMESS ELECTROFISHING 2016



 KEMESS  ELECTROFISHING SITE 2016

SITE: KM1a REACH: MAP: 95 D/15 PHOTO: 3/4 DATE:  August 17/16

SITE LOCATION:  Right side just upstream from bridge

UTM:             09 V 0639616 6322420 ACCESS:  walk

EFFORT: PASS 1 1659 secs
PASS 2 480 secs

M = MARGIN / F = FULL: M
 SLOPE (%):  1.02.0 TEMP (

o
C): 12.0

S = SIDE / M = MAIN: M TIME:  1600
COND (uS): n/a

SAMPLING COMMENTS: Moved top location of net downsteam a short distance to get a seal. 

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 47-54 51.5 12 1 13 13.1 0.4 0.153 78.4
DV 1+ 0 0.0 0.0 0.000 0.0
BT 1+ 83-94 87.8 4 0 4 4.0 0.0 0.047 24.0
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 17.1 0.200 102.3

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.6 LOD POOL 70
3 5.4 COBBLE 20                RIFFLE 10 14
6 5.8 IN VEG RUN 20 44
9 4.8 OVER VEG 80 OTHER

12 6.0 CUTBANK
15 DEEP POOL
18 D90/D50: 20/5
20 TOTAL: 30 (cm)
24

_________
5.1

AREA (m
2
): 85.5 MARGIN (m): 16.7

HABITAT COMMENTS:

Staff gauge = 0.41 Estimate ~ 2 m^3/s

Low Didymo <5%

PASS



 KEMESS  ELECTROFISHING SITE 2016

SITE: KM2 REACH: MAP: 95 D/15 PHOTO: 28/29 DATE:  August 20/16

SITE LOCATION:  Near pumphouse below mill

UTM:             09 V 0637211 6319560 ACCESS:  walk

EFFORT: PASS 1 788 secs
PASS 2 552 secs

M = MARGIN / F = FULL: M
 SLOPE (%):  1.02.0 TEMP (

o
C): 8.0

S = SIDE / M = MAIN: M TIME:  10:00
COND (uS): n/a

SAMPLING COMMENTS: 

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 46-52 50.0 8 0 8 8.0 0.0 0.163 41.7
DV 1+ 76-80 78.0 2 0 2 2.0 0.0 0.041 10.4
BT 1+ 85-91 88.0 2 0 2 2.0 0.0 0.041 10.4
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 12.0 0.244 62.5

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 2.4 LOD POOL
3 2.4 COBBLE 100                RIFFLE 50 15
6 2.2 IN VEG RUN 50 36
9 2.8 OVER VEG OTHER

12 3.2 CUTBANK
15 3.3 DEEP POOL
18 1.6 D90/D50: 25/10
20 TOTAL: 70 (cm)
24

_________
2.6

AREA (m
2
): 49.1 MARGIN (m): 19.2

HABITAT COMMENTS:

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: KM3 REACH: MAP: 94 E/2 PHOTO: 6/7/8 DATE:  August 18/16

SITE LOCATION:  Right margin 50 m downstream from Arch

UTM:             09 V 0637752 6321131 ACCESS:  Veh

EFFORT: PASS 1 1050 secs
PASS 2 780 secs

M = MARGIN / F = FULL: M

 1 SLOPE (%):  1.01.5 TEMP (
o
C): 9.0

S = SIDE / M = MAIN: M TIME:  8:30
COND (uS): n/a

SAMPLING COMMENTS: Moved site upstream 3 m to avoid tree now in site. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 41-54 45.8 9 4 13 16.2 5.2 0.136 171.4
DV >1+ 0 0.0 0.0 0.000 0.0
BT 1+ 67-93 80.5 12 1 13 13.1 0.4 0.110 69.3
BT 2+ 118 118.0 1 0 1 1.0 0.0 0.008 5.3
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 30.3 0.254 246.0

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 6.1 LOD POOL
3 7.6 COBBLE 90                RIFFLE 100 15
6 7.3 IN VEG RUN
9 6.1 OVER VEG 10 OTHER (flat)

12 4.4 CUTBANK
15 DEEP POOL
18 D90/D50: 22/11
20 TOTAL: 90 (cm)
24

_________
6.3

AREA (m
2
): 119.1 MARGIN (m): 18.9

HABITAT COMMENTS:

Fry habitat 1-2 m along edge due to higher flows

Bar totally covered - moderate flows

Net configuration 50'/30'/30'

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: KM4 REACH: 3 MAP: 94 E/2 PHOTO: 34/35 DATE:  August 20/16

SITE LOCATION:  Base of hill, steep eroding bank near lake

UTM:             09 V 0637587 6321045 ACCESS:  Veh

EFFORT: PASS 1 667 secs
PASS 2 518 secs

M = MARGIN / F = FULL: M
 1 SLOPE (%):  2 TEMP (

o
C): 9.0

S = SIDE / M = MAIN: M TIME:  16:00
COND (uS): n/a

SAMPLING COMMENTS: Good site enclosure. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 43-51 46.2 8 2 10 10.7 1.4 0.150 105.1
DV >1+ 75 75.0 1 0 1 1.0 0.0 0.014 4.9
BT 1+ 72-92 81.2 11 2 13 13.4 1.0 0.189 66.2
BT 2+ 100-149 118.0 3 0 3 3.0 0.0 0.042 14.8
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 28.1 0.396 191.0

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.4 LOD 10 POOL
3 4.8 COBBLE 90                RIFFLE 100 14
6 4.2 IN VEG RUN
9 3.0 OVER VEG OTHER (flat)

12 2.1 CUTBANK
15 DEEP POOL
18 D90/D50: 20/10
20 TOTAL: 90 (cm)
24

_________
3.5

AREA (m
2
): 71.1 MARGIN (m): 20.3

HABITAT COMMENTS:

3 m^3/s Didymo ~ 10%

Good parr site with interstitial cobbles. 

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: KM5 REACH: 3 MAP: PHOTO: 32/33 DATE:  August 20/16

SITE LOCATION:  Mainstem paired with KS1.  Old camp access.

UTM:             09 V 0637359 6320536 ACCESS:  Veh

EFFORT: PASS 1 682 secs

PASS 2 538 secs

M = MARGIN / F = FULL: M
 1 SLOPE (%):  1.0 1 TEMP (

o
C): 9.0

S = SIDE / M = MAIN: M TIME:  14:00
COND (uS): n/a

SAMPLING COMMENTS: Same site as previous years. pH: n/a
50' plus two  30' nets.

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 42-51 48.3 5 3 8 12.5 10.6 0.152 124.4
DV >1+ 0 0.0 0.0 0.000 0.0
BT 1+ 76-92 84.0 2 0 2 2.0 0.0 0.024 10.0
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 14.5 0.176 134.3

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 4.4 LOD POOL
3 4.4 COBBLE 80                RIFFLE 20 12
6 4.5 IN VEG RUN 80 24
9 4.5 OVER VEG 20 OTHER (flat)

12 4.1 CUTBANK
15 2.7 DEEP POOL
18 D90/D50: 27/7
20 TOTAL: 50 (cm)
24

_________
4.1

AREA (m
2
): 82.4 MARGIN (m): 20.1

HABITAT COMMENTS: Estimate 3 m^3/s

Site becoming more shallow Didymo 1-3 %

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: KS1 REACH: 3 MAP: 94 E/15 PHOTO: 30/31 DATE:  August 20/16

SITE LOCATION:  Sidechannel next to site KM5 near old site staff gauge.

UTM: 9V 637246 6319640 ACCESS:  Veh

EFFORT: PASS 1 999 secs
PASS 2 779 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.01.5 TEMP (

o
C): 8

S = SIDE / M = MAIN: S TIME:  12:00
COND (uS): n/a

SAMPLING COMMENTS: pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 43-54 48.4 7 4 11 16.3 10.3 0.209 54.6
DV >1+ 83 83.0 0 1 1 1.0 0.0 0.013 3.3
BT 1+ 78-94 84.2 4 1 5 5.3 1.0 0.068 17.8
BT 2+ 113 113.0 0 1 1 1.0 0.0 0.013 3.3
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 23.7 0.303 79.2

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.2 LOD POOL 10 20
3 2.4 COBBLE 60                RIFFLE 90 6
6 2.4 IN VEG RUN
9 3.4 OVER VEG 20 OTHER (flat)

12 2.5 CUTBANK 20
15 2.6 DEEP POOL
18 1.8 D90/D50: 11/5
20 TOTAL: 70 (cm)
24

_________
2.6

AREA (m
2
): 78.2 MARGIN (m): 29.9

HABITAT COMMENTS:

Channel unchanged for past 20 years

2 cfs Didymo ~5% Filamentous green algae and aquatic mosses. 
Pair of bull trout spawners in pool d/s from sidechannel site. 

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: KS2 REACH: 3 MAP: 94 E/15 PHOTO: 26/27 DATE:  August 20/16

SITE LOCATION:  Sidechannel near mine mill

UTM:             09 V 637246 6319640 ACCESS:  Veh

EFFORT: PASS 1 525 secs

PASS 2 528 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 3 TEMP (

o
C): 8

S = SIDE / M = MAIN: S TIME:  9:00
COND (uS): n/a

SAMPLING COMMENTS: Site moved another 10 m upstream due to continued erosion in 2010.

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 36-53 45.7 10 2 12 12.5 1.1 0.261 50.0
DV >1+ 79 79.0 0 1 1 1.0 0.0 0.021 4.0
BT 1+ 81-92 85.8 4 1 5 5.3 1.0 0.111 21.3
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 18.8 0.394 75.3

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 1.0 LOD POOL 70 19
3 1.8 COBBLE 50                RIFFLE 30 8
6 2.8 IN VEG RUN
9 2.1 OVER VEG 40 OTHER (flat)

12 1.2 CUTBANK 10
15 1.9 DEEP POOL
18 2.6 D90/D50: 50/7
20 TOTAL: 70 (cm)
24

_________
1.9

AREA (m
2
): 47.9 MARGIN (m): 25.0

HABITAT COMMENTS:

Less than 1 cfs

Cobbles embedded with sands 

Lots of aquatic mosses at the top of the site.

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: KS3c REACH: 1 MAP: 95 D/15 PHOTO: 1/2 DATE:  August 17/16

SITE LOCATION:  Upstream from Kemess bridge - left side channel. 

UTM:             09 V 0635122 6317373 ACCESS:  Veh

EFFORT: PASS 1 592 secs

PASS 2 378 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 2 TEMP (

o
C): 11.0

S = SIDE / M = MAIN: S TIME:  15:00
COND (uS): n/a

SAMPLING COMMENTS: Returned to a previously sampled site on left side above bridge similar to 2010 onward.

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 42-48 45.3 3 0 3 3.0 0.0 0.057 12.2
DV >1+ 0 0.0 0.0 0.000 0.0
BT 1+ 80-81 80.5 2 0 2 2.0 0.0 0.038 8.2
BT 2+ 112-152 132.0 1 1 2 2.0 na 0.038 8.2
BT =>3+ 0 0.0 0.0 0.000 0.0
RBT 0+ 44 44.0 1 0 1 1.0 0.0 0.019 4.1
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 37-62 53.4 5 4 9 9.0 na 0.171 36.7

TOTAL 17.0 0.324 69.4

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 2.6 LOD POOL 60 11
3 2.1 COBBLE 60                RIFFLE 40 5
6 1.8 IN VEG RUN
9 1.5 OVER VEG 40 OTHER

12 2.4 CUTBANK
15 2.1 DEEP POOL
18 2.5 D90/D50: 18/8
20 TOTAL: 80 (cm)
24

_________
2.1

AREA (m
2
): 52.5 MARGIN (m): 24.5

HABITAT COMMENTS: Stable flows - moderate

PASS



SITE: E1b REACH: 2 PHOTO: 67/68 DATE:  Aug 23/16

SITE LOCATION:Site located approximately 50 m downstream from culvert.  Old site is bottom of new site.Site located 9 m u/s due to beaver dam.

UTM:  9V         637198 6320478 ACCESS: Veh

EFFORT: PASS 1 1028 secs
PASS 2 617 secs

M = MARGIN / F = FULL: F

 SLOPE (%): 2 TEMP (
o
C): 12

S = SIDE / M = MAIN: M TIME:  10:30
COND (uS): 

SAMPLING COMMENTS: Nets effective pH:

POPULATION ESTIMATES:

FL FL
SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m

2
N/100 m

Char 0+ 36-55 48.8 4 0 4 4.0 0.0 0.035 14.0
DV >1+ 70-278 115.2 10 2 12 12.5 1.1 0.111 43.9
BT 1+ 0 0.0 0.0 0.000 0.0
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 109-215 146.3 5 1 6 6.3 0.8 0.055 21.9
MW all 115 115.0 0 1 1 1.0 0.0 0.009 3.5
Sculpins all 0 0.0 0.0 0.000 0.0
TOTAL 23.8 0.210 83.3

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.5 LOD POOL 20 28
3 4.2 COBBLE 60                RIFFLE 80 11
6 3.8 IN VEG RUN
9 4.4 OVER VEG 10 OTHER

12 4.2 CUTBANK 20
15 3.7 DEEP POOL
18 D90/50: 15/7
20 TOTAL: 60 (cm)
24

_________
4.0

AREA (m
2
): 113.1 MARGIN (m): 28.5

HABITAT COMMENTS: 278 mm DV was ripe male. 
No fish evident holding below culvert.  Walked through.  Last 10 m fast for fish passage.  Need light to inspect culvert
Heavy Didymo and long green filamentous algae.
Limited riarian willow compared to previous years due to need to shift site. 
Examined culvert - 5 DV in mid and lower end of culvert.  Piles of rocks added last fall were throughout culvert.  
Only needed to do top end.  The piles added to top 20 m section were spaced wide…and not clear if totally effective. 

LOWER EL CONDOR CREEK FISH SAMPLING 2016

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: NK4 REACH: 1 MAP: 94 E/2 PHOTO: 43/44 DATE:  August 21/16

SITE LOCATION:  Same site as 1999-2010

UTM:             09 V 0639758 6323574 ACCESS:  Hel

EFFORT: PASS 1 1117 secs
PASS 2 700 secs

M = MARGIN / F = FULL: F

 SLOPE (%):  1.01.5 TEMP (
o
C): 9.0

S = SIDE / M = MAIN: S TIME:  14:00
COND (uS): n/a

SAMPLING COMMENTS: Flows not continuous at top. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N SE N/m
2

N/100 m

Char 0+ 25-37 31.0 11 2 13 13.4 1.0 0.171 26.7
DV >1+ 69-157 104.7 3 0 3 3.0 0.0 0.038 6.0
BT 1+ 75 75.0 1 0 1 1.0 0.0 0.013 2.0
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 17.4 0.221 34.7

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 1.0 LOD POOL 70 32
3 1.8 COBBLE 30                RIFFLE 30 5
6 0.8 IN VEG RUN
9 2.3 OVER VEG 25 OTHER

12 2.6 CUTBANK 50
15 1.9 DEEP POOL
18 0.3 D90/D50: 12/<1
20 2.0 TOTAL: 50 (cm)
24 1.4

_________
1.6

AREA (m
2
): 78.8 MARGIN (m): 50.3

HABITAT COMMENTS: Still low flows - small sidechannel - no change.  Most flows come from 2 seepages.
Newly-emerged DV fry in seepage.  Should consider moving site to sc downstream
Estimated discharge: ~3 l/s DV 157 mm was mature

Note UTM changed as previous one incorrect

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: NK7 REACH: 1 MAP: PHOTO: 40/41/42 DATE:  August 21/16

SITE LOCATION:  Sidechannel, right side.  Bottom net 25 m u/s from Tributary A.

UTM 9 V 640255 6324624 ACCESS:  Hel

EFFORT: PASS 1 637 secs
PASS 2 460 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 2 TEMP (

o
C): 6.0

S = SIDE / M = MAIN: S TIME:  13:00
COND (uS): n/a

SAMPLING COMMENTS: Same site as previous years. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 39-48 43.6 3 2 5 9.0 13.4 0.140 35.7
DV >1+ 77-85 81.0 2 0 2 2.0 0.0 0.031 7.9
BT 1+ 78-98 88.0 2 0 2 2.0 0.0 0.031 7.9
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 13.0 0.202 51.6

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.5 LOD POOL 50 17
3 2.8 COBBLE 90                RIFFLE 50 8
6 2.8 IN VEG RUN
9 2.0 OVER VEG 10 OTHER

12 2.1 CUTBANK
15 2.1 DEEP POOL
18 D90/D50: 30/8
20 TOTAL: 100 (cm)
24

_________
2.6

AREA (m
2
): 64.3 MARGIN (m): 25.2

HABITAT COMMENTS:
Same site as in past.
50% Didymo coverage

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: NK13 REACH: MAP: PHOTO: 38/39 DATE:  August 21/16

SITE LOCATION:  North Kemess,  ~1 km downstream from Site NK16.  

UTM 9V 641301 6325337 ACCESS:  Hel

EFFORT: PASS 1 3288 secs
PASS 2 651 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 2 TEMP (

o
C): 4.0

S = SIDE / M = MAIN: M TIME:  10:00
COND (uS): n/a

SAMPLING COMMENTS: Same location as previous years.  pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 41-56 45.3 14 2 16 16.3 0.8 0.063 53.9
DV >1+ 66-124 80.9 11 0 11 11.0 0.0 0.043 36.3
BT 1+ 87-95 91.0 0 2 2 2.0 0.0 0.008 6.6
BT 2+ 107-142 123.2 4 1 5 5.3 1.0 0.021 17.6
BT =>3+ 0.0 0.0 0.000 0.0
MW >1+ 0.0 0.0 0.000 0.0
RBT >1+ 0.0 0.0 0.000 0.0
Sculpin sp. all 0.0 0.0 0.000 0.0

TOTAL 34.7 0.134 114.4

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 5.7 LOD POOL 25 55
3 11.4 COBBLE 30                RIFFLE 75 15
6 7.9 IN VEG RUN
9 7.8 OVER VEG 30 OTHER

12 10.6 CUTBANK 40
15 5.2 DEEP POOL
18 D90/D50: 18/7
20 TOTAL: 50 (cm)
24

_________

8.1 Alcove = 12.8 m
2

AREA (m
2
): 258.2 MARGIN (m): 30.3

HABITAT COMMENTS: Estimated discharge:1 m3/s
Deep undercut pool on bend. Cut further in during 2016.
Adult bull trout in site.  Worked around this fish.
Didymo 25%;  3 passes- Consolidated pass 1 and 2

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: NK16 REACH: 1 MAP: 94 E/2 PHOTO: 36/37 DATE:  August 21/16

SITE LOCATION:  Just upstream from Trib 3

UTM:             09 V 0642670 6325517 ACCESS:  Hel

EFFORT: PASS 1 1141 secs
PASS 2 840 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 2 TEMP (

o
C): 3.5

S = SIDE / M = MAIN: M TIME:  8:00
COND (uS): n/a

SAMPLING COMMENTS: Same location as previous years. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 32 32.0 0 1 1 1.0 0.0 0.007 3.4
DV >1+ 63-135 82.5 20 6 26 28.6 3.1 0.212 96.2
BT 1+ 0 0.0 0.0 0.000 0.0
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 29.6 0.219 99.6

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 4.9 LOD POOL 30 41
3 5.7 COBBLE                RIFFLE 70 11
6 3.3 IN VEG RUN
9 5.6 OVER VEG 50 OTHER

12 2.9 CUTBANK 50
15 4.9 DEEP POOL
18 4.5 D90/D50: 8/6
20 TOTAL: 30 (cm)
24

_________
4.5

AREA (m
2
): 134.9 MARGIN (m): 29.7

HABITAT COMMENTS: Estimate flows of ~1 m^3/s

Didymo ~5%

PASS



KEMESS ELECTROFISHING SITE 2016

SITE:NK22a REACH: 1 MAP: 94 E/2 PHOTO: 45/46 DATE:  August 21/16

SITE LOCATION:  160 m u/s of Section 21.  Mainstem site in North Kemess headwaters.

UTM:             09 V 0644399 6324629 ACCESS:  Hel

EFFORT: PASS 1 652 secs
PASS 2 515 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 1 TEMP (

o
C): 4.0

S = SIDE / M = MAIN: M TIME:  17:00
COND (uS): n/a

SAMPLING COMMENTS: Same location as previous years. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 32-46 37.0 4 2 6 8.0 4.9 0.074 44.7
DV >1+ 45-143 75.7 10 4 14 16.7 4.2 0.155 93.1
BT 1+ 0 0.0 0.0 0.000 0.0
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 24.7 0.229 137.8

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 5.5 LOD POOL 60 62
3 3.6 COBBLE                RIFFLE 30 11
6 2.2 IN VEG RUN 10
9 2.1 OVER VEG 50 OTHER

12 3.9 CUTBANK 50
15 DEEP POOL
18 D90/D50: 12/4
20 TOTAL: 50 (cm)

_________
3.5

AREA (m
2
): 107.7 MARGIN (m): 17.9 Alcove 20.8 m *2.2 45.8

HABITAT COMMENTS: Beaver dam downstream is expanded.  Suspect it is a barrier to bull trout and 
Dolly Varden moving upstream for 5 past years.
Lower part of channel cutting into left bank.

PASS



KEMESS ELECTROFISHING SITE 2016

SITE: NK22b REACH: 1 MAP: 94 E/2 PHOTO: 49/50 DATE:  August 21/16

SITE LOCATION:  Seepage I

UTM:             09 V 0644398 6324664 ACCESS:  Hel

EFFORT: PASS 1 899 secs
PASS 2 272 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 1 TEMP (

o
C): 7.0

S = SIDE / M = MAIN: M TIME:  17:00
COND (uS): n/a

SAMPLING COMMENTS: Same location as previous years. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 28-49 38.5 22 4 26 26.9 1.4 0.600 112.0
DV >1+ 72-137 89.8 4 0 4 4.0 0.0 0.089 16.7
BT 1+ 0 0.0 0.0 0.000 0.0
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 30.9 0.689 128.7

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.3 LOD POOL 40 20
3 1.7 COBBLE                RIFFLE 60 3
6 0.7 IN VEG RUN
9 1.4 OVER VEG 30 OTHER

12 0.7 CUTBANK 70
15 0.8 DEEP POOL
18 0.8 D90/D50: 4/1
20 TOTAL: 30 (cm)
24

_________
1.3

AREA (m
2
): 44.8 MARGIN (m): 24.0

HABITAT COMMENTS: Unchanged from past years - includes seepage inlet
First two of three passes combined into first pass. 

PASS



TRIBUTARY 4 ELECTROFISHING SITE 2016

SITE: T4 REACH: MAP: PHOTO: 9/10 DATE:  August 18/16

SITE LOCATION:  South Fork of Tributary 4, at fishway camp.

UTM:             09 V 0620429 6316060 ACCESS:  Hel

EFFORT: PASS 1 1167 secs
PASS 2 nr secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 3 TEMP (

o
C): 9.0

S = SIDE / M = MAIN: M TIME:  10:30
COND (uS): n/a

SAMPLING COMMENTS: Sampled the same site as previous year. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 31-42 38.4 4 1 5 5.3 1.0 0.057 25.4
DV >1+ 102-113 107.5 2 0 2 2.0 0.0 0.021 9.5
BT 1+ 92 92.0 1 0 1 1.0 0.0 0.011 4.8
BT 2+ 111-112 111.5 1 1 2 2.0 na 0.021 9.5
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 10.3 0.111 49.2

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 4.4 LOD POOL
3 3.9 COBBLE 90                RIFFLE 50 10
6 4.3 IN VEG RUN 50 23
9 4.5 OVER VEG 5 OTHER

12 4.8 CUTBANK 5
15 4.7 DEEP POOL
18 D90/D50: 25/12
20 TOTAL: 100 (cm)
24

_________
4.4

AREA (m
2
): 93.1 MARGIN (m): 21.0

HABITAT COMMENTS: Est ~ 1 m3/sec
Channel appears same as in past years.  
No Didymo and some attached mosses.

PASS



TRIBUTARY 4 ELECTROFISHING SITE 2016 

SITE: T5 REACH: MAP: PHOTO: 11/12 DATE:  August 17/16

SITE LOCATION:  Middle site Tributary 4 at old camp.

UTM:             09 V 0620415 6314789 ACCESS:  Hel

EFFORT: PASS 1 1741 secs
PASS 2 1067 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 3 TEMP (

o
C): 11.0

S = SIDE / M = MAIN: M TIME:  13:20
COND (uS): n/a

SAMPLING COMMENTS: pH: n/a
Effective sampling - habitat looks good for parr.

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 29-39 33.4 11 3 14 15.1 1.9 0.122 58.9
DV >1+ 58-136 95.6 12 7 19 28.8 14.6 0.233 112.1
BT 1+ 69-94 84.7 3 0 3 3.0 0.0 0.024 11.7
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 46.9 0.379 182.6

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 5.3 LOD POOL 8
3 3.6 COBBLE 85                RIFFLE 80 11
6 3.7 IN VEG RUN 15 24
9 4.1 OVER VEG 10 OTHER

12 6.0 CUTBANK 5
15 6.4 DEEP POOL
18 4.6 D90/D50: 20/14
20 TOTAL: 70 (cm)
24

_________
4.8

AREA (m
2
): 123.7 MARGIN (m): 25.7

HABITAT COMMENTS: No channel changes.
No didymo

PASS



TRIBUTARY 4 ELECTROFISHING SITE 2016

SITE: T6 REACH: MAP: PHOTO: 18/19 DATE:  Aug 19/16

SITE LOCATION:  Uppermost site above Ice Falls

UTM:             09 V 0620688 6314050 ACCESS:  Hel

EFFORT: PASS 1 969 secs
PASS 2 nr secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1.0 4 TEMP (

o
C): 12.0

S = SIDE / M = MAIN: M TIME:  na
COND (uS): n/a

SAMPLING COMMENTS: Sampled the same site as previous year. pH: n/a

POPULATION ESTIMATES:

FL FL

SPECIES AGE RANGE MEAN 1 2 U1+U2 N S.E. N/m
2

N/100 m

Char 0+ 37-44 40.5 2 0 2 2.0 0.0 0.025 7.5
DV >1+ 51-152 88.1 9 2 11 11.6 1.2 0.146 43.2
BT 1+ 89-94 91.5 2 0 2 2.0 0.0 0.025 7.5
BT 2+ 0 0.0 0.0 0.000 0.0
BT =>3+ 0 0.0 0.0 0.000 0.0
MW >1+ 0 0.0 0.0 0.000 0.0
RBT 0+ 0 0.0 0.0 0.000 0.0
RBT >1+ 0 0.0 0.0 0.000 0.0
Sculpin sp. all 0 0.0 0.0 0.000 0.0

TOTAL 15.6 0.196 58.1

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.9 LOD POOL
3 3.2 COBBLE 93                RIFFLE 30 11
6 2.3 IN VEG RUN 70 20
9 2.3 OVER VEG 2 OTHER

12 2.9 CUTBANK 5
15 3.2 DEEP POOL
18 D90/D50: 22/10
20 TOTAL: 90 (cm)
24

_________
3.0

AREA (m
2
): 79.5 MARGIN (m): 26.8

HABITAT COMMENTS: Channel appears same as in past years.  
Moderate flows ~ 0.3 m^3/s.
DV 152 mm mature fish

PASS



WESTERN DIVERSION DITCH ELECTROFISHING SITE 2016

SITE:  WR2 REACH: 1 MAP: PHOTO: 65/66 DATE: August 23/16

SITE LOCATION:  Western Diversion Ditch near top section.  Located just upstream from
discharge wier which is mainly removed.

UTM:  9v 634138 ACCESS:  Veh

6320577 EFFORT: PASS 1 826 secs
PASS 2 609 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  TEMP (C): 4
S = SIDE / M = MAIN: TIME:  8:00

TDS (ppm): 
SAMPLING COMMENTS: Sample site started  mid-way in pool above wier location 

working upstream to a small rock chute.

POPULATION ESTIMATES:

FL FL PASS
SPECIES AGE RANGE MEAN 1 2 U1+U2 NUMBER S.E. N/M*M N/100M

Char 0+ 35-51 41.9 24 3 27 27.4 0.8 0.269 41.31

DV 1+ 67-98 91.4 4 1 5 5.3 1.0 0.052 8.03
DV mature 145 145.0 1 0 1 1.0 0.0 0.010 1.51
MW 0+ 0 0.0 0.0 0.000 0.00
MW >1+ 0 0.0 0.0 0.000 0.00
RBT 0+ 0 0.0 0.0 0.000 0.00
RBT >1+ 0 0.0 0.0 0.000 0.00
Sculpin sp. all 0 0.0 0.0 0.000 0.00
TOTAL 33.8 0.332 50.85

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 3.0 LOD POOL 20 19
3 0.9 COBBLE 100                RIFFLE 80 4
6 0.7 IN VEG RUN
9 0.8 OVER VEG OTHER

12 1.2 CUTBANK
15 1.5 DEEP POOL
18 2.0 D90/50: 25/10
20 1.5 TOTAL 80 (cm)
24 2.2

1.5
AREA (M*M) 101.8 MARGIN (M) 66

HABITAT COMMENTS:
Moved bottom of site part way up pool.  Sampled to rock chute. Same as past 5 years.
Good continuous flow in 2016.  ~ 1 cfs.
Vegetation starting to establish along banks in this section. 



ATTICHIKA CREEK ELECTROFISHING SITE 2016

SITE:  ACK7a REACH: 1 PHOTO: 25/26 DATE: August 19/16

SITE LOCATION:  Complex sidechannel downstream from Waste Rock Creek inflows

UTM: 9V 632167 6317592 ACCESS:  Veh

EFFORT: PASS 1 942 secs
PASS 2 794 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  1 TEMP (C): 12
S = SIDE / M = MAIN: S TIME:  12:50

TDS (ppm): 
SAMPLING COMMENTS: Moved site back to original location due to moderate flows. 

POPULATION ESTIMATES:

FL FL PASS
SPECIES AGE RANGE MEAN 1 2 U1+U2 NUMBER S.E. N/M*M N/100M

Char 0+ 41-64 56.4 19 4 23 24.1 1.6 0.120 84.15
DV 1+ 97 97.0 1 0 1 1.0 0.0 0.005 3.50
BT 0+ 0 0.0 0.0 0.000 0.00
BT 2+ 1+ 0 0.0 0.0 0.000 0.00
BT>1+ >1+ 104 104.0 1 0 1 1.0 0.0 0.005 3.50
MW 0+ 0 0.0 0.0 0.000 0.00
MW >1+ 0 0.0 0.0 0.000 0.00
RBT 0+ 0 0.0 0.0 0.000 0.00
RBT >1+ 221 221.0 1 0 1 1.0 0.0 0.005 3.50
Sculpin sp. all 42-85 61.6 23 8 31 35.3 4.6 0.176 123.31
TOTAL 62.3 0.311 217.95

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 4.4 LOD 60 POOL 60 62
3 6.4 COBBLE                RIFFLE 40 16
6 8.3 IN VEG RUN
9 7.8 OVER VEG 20 OTHER

12 7.6 CUTBANK 20
15 7.5 DEEP POOL
18 D90/50: 14/7
20 TOTAL 25 (cm)
24

7.0
AREA (M*M) 200.2 MARGIN (M) 29

HABITAT COMMENTS:
Estimate 0.4 m3/s flow in this channel 
Green filamentous algae and aquatic mosses in site. 
Rbt 221 mm aged - regenerated scale. 
Passes 1 and 2 combined and third pass conducted 



ATTICHIKA CREEK ELECTROFISHING SITE 2016

SITE:  ACK8 REACH: 1 PHOTO: 27/28 DATE: August 19/16

SITE LOCATION:  Sidechannel across from original pipeline location

UTM 9V 634273 6317287 ACCESS:  Veh

EFFORT: PASS 1 1572 secs
PASS 2 1141 secs

M = MARGIN / F = FULL: F
 SLOPE (%):  2 TEMP (C): 15
S = SIDE / M = MAIN: S TIME:  15:00

TDS (ppm): 
SAMPLING COMMENTS: Moved site back to larger channel due to lower flows this year. 

POPULATION ESTIMATES:

FL FL PASS
SPECIES AGE RANGE MEAN 1 2 U1+U2 NUMBER S.E. N/M*M N/100M

Char 0+ 47-63 56.2 13 4 17 18.8 2.6 0.094 63.87
DV 1+ 0 0.0 0.0 0.000 0.00
BT 0+ 0 0.0 0.0 0.000 0.00
BT 1+ 2+ 78-94 86.5 4 0 4 4.0 0.0 0.020 13.61
BT>1+ >1+ 210 210.0 0 1 1 1.0 0.0 0.005 3.40
MW 0+ 0 0.0 0.0 0.000 0.00
MW >1+ 0 0.0 0.0 0.000 0.00
RBT 0+ 0 0.0 0.0 0.000 0.00
RBT >1+ 147 147.0 0 1 1 1.0 0.0 0.005 3.40
Sculpin sp. all 23-90 53.0 18 9 27 36.0 10.4 0.181 122.45
TOTAL 60.8 0.305 206.73

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 7.7 LOD POOL 20 20
3 7.2 COBBLE 100                RIFFLE 80 34
6 5.5 IN VEG RUN
9 5.4 OVER VEG 50 OTHER

12 8.1 CUTBANK
15 DEEP POOL
18 D90/50: 7/3
20 TOTAL 50 (cm)
24

6.8
AREA (M*M) 199.3 MARGIN (M) 29

HABITAT COMMENTS:
Fast flows in site - estimate ~ 0.7 m3/s.  More than 2 years ago.  

15-20 bull trout spawners observed from the air at holding pool just upstream. 
These fish were still here four days later when returning from Tributary 4.



ATTICHIKA CREEK ELECTROFISHING SITE 2016

SITE:  ACK9 REACH: 1 PHOTO: 23/24 DATE: August 19/16

SITE LOCATION:  Mainstem edge on river right side - site of previous fish collections

UTM  9V 631565 6316965 ACCESS:  Veh

(new UTM) EFFORT: PASS 1 947 secs
PASS 2 529 secs

M = MARGIN / F = FULL: M
 SLOPE (%):  <1 TEMP (C): 11
S = SIDE / M = MAIN: M TIME:  11:00

TDS (ppm): 
SAMPLING COMMENTS: Edge along river left side.  Landed at  base of wetland and walked d/s.

POPULATION ESTIMATES:

FL FL PASS
SPECIES AGE RANGE MEAN 1 2 U1+U2 NUMBER S.E. N/M*M N/100M

Char 0+ 48-59 54.8 3 1 4 4.5 1.5 0.063 18.00
DV 1+ 85 85.0 1 0 1 1.0 0.0 0.014 4.00
BT 0+ 0 0.0 0.0 0.000 0.00
BT 1+ 1+ 98 98.0 1 0 1 1.0 0.0 0.014 4.00
BT>1+ >1+ 102-105 103.5 1 1 2 2.0 na 0.028 8.00
MW 0+ 0 0.0 0.0 0.000 0.00
MW >1+ 0 0.0 0.0 0.000 0.00
RBT 0+ 0 0.0 0.0 0.000 0.00
RBT >1+ 0 0.0 0.0 0.000 0.00
Sculpin sp. all 35-86 62.5 20 8 28 33.3 5.9 0.469 133.33
TOTAL 41.8 0.589 167.33

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 2.3 LOD POOL
3 1.3 COBBLE 99                RIFFLE
6 1.8 IN VEG RUN 100 34
9 3.1 OVER VEG 1 OTHER

12 2.6 CUTBANK
15 4.6 DEEP POOL
18 4.2 D90/50: 30/15
20 TOTAL 100 (cm)
24

2.8
AREA (M*M) 71.1 MARGIN (M) 25

HABITAT COMMENTS:
Site is located just below a long pool complex on bend.
Good interstitial spaces in cobble.
Need to wade from bar on far side to this site.



ATTICHIKA CREEK ELECTROFISHING SITE 2016

SITE:  ACK11 REACH: 1 PHOTO: 21/22 DATE: August 19/16

SITE LOCATION:  Across from discharge pipe

UTM 9V 633969 6317116 ACCESS:  Veh

EFFORT: PASS 1 1495 secs
PASS 2 1172 secs

M = MARGIN / F = FULL: M
 SLOPE (%):  <1 TEMP (C): 11
S = SIDE / M = MAIN: S TIME:  7:00

TDS (ppm): 
SAMPLING COMMENTS: Enclosed shallow cobble bar/edge directly across from proposed treated water 

discharge location.

POPULATION ESTIMATES:

FL FL PASS
SPECIES AGE RANGE MEAN 1 2 U1+U2 NUMBER S.E. N/M*M N/100M

Char 0+ 44-57 52.6 10 4 14 16.7 4.2 0.079 54.64
DV 1+ 77 77.0 1 0 1 1.0 0.0 0.005 3.28
BT 1+ 95 95.0 1 0 1 1.0 0.0 0.005 3.28
BT >1+ 101-102 101.5 2 0 2 2.0 0.0 0.010 6.56
Lns all 72 72.0 1 0 1 1.0 0.0 0.005 3.28
MW >1+ 0 0.0 0.0 0.000 0.00
RBT 0+ 0 0.0 0.0 0.000 0.00
RBT >1+ 0 0.0 0.0 0.000 0.00
Sculpin sp. all 18-95 52.2 32 34 66 64.0 na 0.304 209.84
TOTAL 85.7 0.407 280.87

SITE SITE MEAN 
LOCATION WIDTH COVER WATER DEPTH

(m) (%) TYPE (%) (cm)

0 8.5 LOD 20 POOL 70 33
3 7.5 COBBLE 80                RIFFLE 30 7
6 6.8 IN VEG RUN
9 2.9 OVER VEG OTHER

12 4.2 CUTBANK
15 3.2 DEEP POOL
18 15.2 D90/50: 15/8
20 TOTAL 60 (cm)
24

6.9
AREA (M*M) 210.5 MARGIN (M) 31

HABITAT COMMENTS:
Site located approximately 150 m d/s from big bend at old pipe discharge site.
Estimate ~1 cfs in this channel Catch includes sculpin fry in 2016 - numerous and only patially collected.
Debris jam at the top of the island.  Sidechannel on left side of channel inside island. 
Detailed channel measurements taken at this location in 2015.



Appendix 4 Table 1.  Summary of bull trout densities (fish/100 m
2
) at sample sites in the Kemess Watershed 1995

          to 2016.
SITE 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

South TP1 0 1.5 3.1 3.3 1.0 0 1.4 2.2 7.7 2.8 3.4 2.3 0.4 6.5 2.7 7.9 15.7 0 1.9 0.5 0.3 1.6 3.0

Kemess TP2 1.5 0.3 0.6 1.2 0 1.8 0 1.7 2.2 3.7 0.4 5.4 2.3 10.6 3.5 5.3 2.4 0 31.0 1.2 0.0 1.2 3.5

TP3 0 1.3 0.5 2.9 9.9 4.0 3.9 0.5 2.1 5.0 5.9 1.7 7.3 0.0 6.7 0.5 0.5 5.0 3.2

TP4 10.5 17.8 2.8 3.1 0.3 7.8 7.6 7.3 6.8 2.6 14.4 0.3 1.5 4.7 6.3

Mean 0.8 0.9 1.9 2.3 0.3 1.0 0.6 2.3 7.6 7.1 2.6 2.8 1.3 7.5 4.9 5.6 8.1 0.7 13.5 0.6 0.6 3.1 3.4

North NK4 17.2 2.2 17.9 27.8 11.0 42.2 11.8 12.4 27.3 35.5 37.9 10.8 9.6 26.1 12.6 17.2 17.8 55.5 8.5 10.8 39.2 17.1 21.3

Kemess NK7 4.7 7.7 17.7 5.0 4.6 1.2 0 2.5 2.4 9.6 5.2 1.1 18.2 2.2 61.6 1.1 22.5 4.1 5.8 0.0 14.0 9.1

NK13 1.5 3.2 2.4 12.7 4.5 0.5 1.8 13.5 6.6 11.6 5.0 1.9 8.8 1.1 18.4 3.0 1.8 5.3 1.5 0.0 6.3 5.3

Mean 17.2 2.8 9.6 16.0 9.6 17.1 4.5 4.7 14.4 14.8 19.7 7.0 4.2 17.7 5.3 32.4 7.3 26.6 6.0 6.0 13.1 12.5 12.2

Lower KS1 21.6 2.0 8.6 7.6 73.7 28.0 13.1 14.3 19.7 11.6 15.5 30.5 5.9 31.1 4.8 54.7 6.7 15.5 14.3 14.4 15.1 20.9 19.5

Kemess KS2 28.0 10.7 47.0 19.2 92.8 17.0 30.4 57.9 20.1 15.3 33.1 48.6 58.9 52.5 31.3 32.8 44.6 25.9 22.5 14.6 31.0 26.1 34.6

Side KS3 13.3 32.4 25.4 45.1 10.9 12.7 35.9 74.1 51.7 40.6 55.0 83.1 39.0 67.6 51.7 23.3 20.4 24.3 14.7 60.4 11.8 5.7 36.3

Mean 21.0 15.0 27.0 24.0 59.1 19.2 26.5 48.8 30.5 22.5 34.5 54.1 34.6 50.4 29.3 36.9 23.9 21.9 17.2 29.8 19.3 17.6 30.1

Lower KM1 1.9 4.8 13.7 14.7 5.0 5.7 0 9.3 9.8 12.2 3.8 2.1 4.2 9.2 1.4 28.3 6.1 2.7 2.7 16.1 13.2 15.3 8.3

Kemess KM2 15.6 2.9 13.0 23.4 17.9 8 0 0 15.2 45.0 30.6 14.6 3.5 11.8 20.3 16.9 54.9 9.4 14.0 4.7 32.3 16.3 16.8

Main KM3 13.4 0 13.4 2.7 7.2 10.4 5.7 1.9 10.7 6.7 14.5 3.3 7.1 12.1 6.1 55.5 7.5 8.1 14.6 7.2 23.6 13.6 11.2

KM4 3.7 22.2 11.7 8.5 1.9 6.3 3.1 7.7 4.1 6.8 1.1 0.0 14.6 8.7 32.0 38.9 0.0 12.5 9.2 4.4 15.0 10.1

KM5 14.1 18.7 26.2 37.3 11.2 14.8 33.4 25.1 27.3 6.3 3.8 28.2 18.2 37.5 24.1 16.3 6.4 4.1 32.0 15.2 20.0

Mean 10.3 2.9 15.3 14.2 13.0 12.7 4.6 5.8 15.4 18.6 16.6 5.5 3.7 15.2 10.9 34.0 26.3 7.3 10.0 8.3 21.1 15.1 13.0

Lower ACK7 7.3 11.5 12.0 10.3

Attichika ACK8 3.3 12.3 9.4 8.3

ACK9 0 12.3 6.3 6.2

ACK10 2.9 2.9

ACK11 6.9 7.9 7.4

Mean 3.4 10.8 8.9 7.7

CHAR FRY 



Appendix 4 Table 1 (Cont'd).  Summary of bull trout densities (fish/100 m
2
) at sample sites in the Kemess 

        Watershed 1995 to 2016.
SITE 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

South TP1 6.5 10.9 6.6 1.6 2.4 4.5 2.1 5.3 9.3 4.7 4.5 3.7 1.3 2.9 2.2 12.6 5.2 0.4 3.8 4.1 3.5 0.4 4.5

Kemess TP2 7.2 3.9 4 0.4 0.8 1.3 0 0.4 0 0.8 0.0 0.0 0.6 0.0 0.0 1.9 0.0 0.0 0.0 1.2 0.0 1.8 1.1

TP3 0 2.2 0.5 3.4 5.5 6.4 10.1 4.6 4.4 2.0 1.5 9.1 1.4 5.9 2.7 5.4 6.1 2.8 4.1

TP4 4.1 4.2 9.6 4.2 2.7 1.3 3.6 11.4 2.1 2.0 3.9 8.1 2.8 6.1 4.7

Mean 6.9 7.4 5.3 1.0 1.1 2.7 0.9 3.0 4.7 4.0 6.1 3.1 2.3 1.6 1.8 8.8 2.2 2.1 2.6 4.7 3.1 2.8 3.5

North NK4 26.2 7.7 9.9 24.5 20.3 6.8 15.7 10.4 9.6 16.8 9.4 5.8 5.2 9.1 8.0 13.2 6.3 5.3 2.1 3.4 2.4 1.3 10.0

Kemess NK7 6.2 7.7 16.9 3.7 5.2 5.4 3.7 2.5 3.6 3.5 2.3 2.2 8.4 10.1 6.6 6.3 1.8 5.5 11.6 3.5 3.1 5.7

NK13 5.2 0.6 1.2 3.1 3.2 0.5 3.0 3.8 4.1 5.5 2.6 3.1 7.7 14.2 15.8 5.1 6.0 6.5 7.8 1.9 2.9 4.9

Mean 26.2 6.4 6.1 14.2 9.0 5.1 7.2 5.7 5.3 8.2 6.1 3.6 3.5 8.4 10.8 11.9 5.9 4.4 4.7 7.6 2.6 2.4 7.5

Lower KS1 9.5 6.3 18.9 5.8 33.4 4.8 4.5 9.1 3.5 10.5 0 6.7 2.5 5.8 8.6 11.8 2.5 4.0 3.3 2.6 3.4 8.1 7.5

Kemess KS2 17.1 17.0 12.8 11.0 12.2 27.3 19.6 34.4 30.9 13.7 7.1 11.0 8.8 10.8 13.9 25.7 3.6 13.7 5.0 14.0 12.9 11.1 15.2

Side KS3 0 9.8 0 12.8 5.3 7.1 5.6 0 2.9 4.2 12.7 2.2 3.9 14.0 5.0 11.6 1.6 10.0 11.2 14.2 3.4 7.6 6.6

Mean 8.9 11.0 10.6 9.9 17.0 13.1 9.9 14.5 12.4 9.5 6.6 6.6 5.1 10.2 9.2 16.4 2.6 9.2 6.5 10.3 6.6 8.9 9.8

Lower KM1 0.3 7.2 3.3 2.2 6.3 6.5 1.6 7 4.8 3.0 8.0 1.0 6.4 3.9 24.5 5.5 7.5 11.0 4.0 12.3 14.4 4.7 6.6

Kemess KM2 6.9 2.9 1.4 0 1.5 4.8 2.5 3.2 5.2 4.9 1.5 2.9 4.4 3.9 5.7 17.7 1.4 0.0 2.9 3.2 3.2 4.1 3.8

Main KM3 5.5 0 12.2 6.3 6.0 13.5 10.8 7.6 9.7 16.6 12.7 6.7 7.9 8.1 12.8 6.1 7.2 5.1 5.9 5.2 11.5 11.8 8.6

KM4 14.9 14.2 8.8 4.1 9.6 6.3 6.1 11.8 4.6 3.4 4.3 3.5 18.9 22.0 4.8 18.7 9.0 4.2 12.2 16.4 23.1 10.5

KM5 4.3 1.7 4.7 6.2 10.5 6.5 5.7 0.0 0.0 5.0 0.0 3.4 12.1 7.2 0.0 1.4 0.0 1.4 4.9 2.4 3.9

Mean 4.2 6.3 7.1 3.8 4.5 8.1 6.3 6.1 7.4 5.8 5.1 4.0 4.4 7.6 15.4 8.3 7.0 5.3 3.4 6.9 10.1 9.2 6.7

Lower ACK7 2.2 0.0 0.5 0.9

Attichika ACK8 3.6 2.9 2.5 3.0

ACK9 4 6.7 4.2 5.0

ACK10 0 0.0

ACK11 2.5 1.5 2.0

Mean 2.5 3.0 2.2 2.6

BULL TROUT JUVENILES



Appendix 4 Table 2.  Dolly Varden densities (fish/100m
2
) in Kemess Creek and Tributary 4 from 1995 to 2016.

SITE 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

NORTH NK16 0.7 0 0 14.2 6.7 3.5 1.4 5.4 10.2 11.7 19.3 1.9 7.1 19.5 5.5 7.8 5.9 0.7 34.5 3.7 5.4 0.7 7.5

KEMESS NK22a 19.9 2.3 2.4 44.2 16.0 29.9 9.7 29.8 73.8 83.2 94.4 33.8 55.4 40.4 44.4 40.0 0.0 3.3 1.7 0.0 0.8 7.4 28.8

NK22b 148 37.3 61.4 212 49.1 29.1 1.9 54.2 73.1 108 114 43.9 123.2 138.0 47.3 7.9 68.8 26.2 32.9 15.4 14.2 60.0 66.6

Mean 56.3 13.2 21.3 90.2 23.9 20.8 4.3 29.8 52.4 67.5 75.9 26.5 61.9 66.0 32.4 18.6 24.9 10.1 23.0 6.4 6.8 22.7 34.3

EL CONDOR

E1 24.5 47.4 22.5 43.9 50.0 36.3 18.4 34.0 55.8 18.3 0.0 3.6 4.6 28.0 2.3 10.4 0.0 28.0 4.8 0.0 108.0 3.5 24.7

SITE 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

SOUTH TP1 2.0 2.7 1.5 1.6 3.5 3.4 4.6 1.4 1.0 8.9 1.0 4.2 0.9 1.9 2.0 1.6 0.4 1.3 0.5 1.4 0.3 0.4 2.1

KEMESS TP2 0 0.6 2.3 7.5 7.4 13.3 5.1 6.8 1.4 1.1 1.2 1.6 1.1 0.0 1.1 5.3 0.0 0.6 1.3 3.1 1.1 0.0 2.8

TP3 1.2 5.7 5.8 3.8 0 1.0 2.7 5.8 4.6 2.2 1.5 0.0 1.0 0.5 0.5 2.8 1.5 1.7 2.4

TP4 0.3 1.0 1.7 1.7 0.3 1.0 1.4 0.4 0.7 1.5 1.3 2.7 1.5 0.0 1.1

Mean 1.0 1.7 1.9 4.6 4.0 7.5 5.2 4.0 0.7 3.0 1.7 3.3 1.7 1.3 1.5 1.8 0.5 1.0 0.9 2.5 1.1 0.5 2.3

NORTH NK13 6.8 14.8 1.2 10.0 6.5 0.5 2.4 7.8 2.6 3.8 10.1 4.4 11.1 12.5 8.9 4.2 7.6 2.5 5.0 3.5 4.3 6.2

KEMESS NK16 14.3 13.9 18.7 16.2 12.6 20.7 9.5 5.5 8.4 23.1 15.3 11.5 5.5 14.9 14.4 17 10.5 14.1 13.9 24.1 22.8 21.2 14.9

NK22a 25.4 11.8 12.6 24.8 21.6 18.0 13.7 8.0 13.1 25.5 26.7 29.2 10.9 9.7 17.3 14.3 18.6 8.8 14.0 15.6 3.4 15.5 16.3

NK22b 15.0 7.3 29.4 76.3 22.5 24.4 15.4 10.0 8.8 24.6 30.8 4.8 10.4 20.6 22.3 7.9 5.0 8.4 19.3 15.4 1.8 8.9 17.7

Mean 18.2 10.0 18.9 29.6 16.7 17.4 9.8 6.5 9.5 19.0 19.2 13.9 7.8 14.1 16.6 12.0 9.6 9.7 12.4 15.0 7.9 12.5 13.9

EL CONDOR

E1 5.1 1.8 7.0 9.4 16.7 6.0 2.3 17.7 0.0 15.9 8.4 0.0 28.1 6.8 6.9 2.6 10.4 16.0 19.1 5.1 1.1 11.1 9.0

TRIBUTARY 4

T4 0 0 0 0 1.8 0 1.4 0.7 5.1 7.8 5.4 4.7 6.9 14.4 7.4 2.1 3.6

T5 0.7 0 0 3.2 10.9 6.1 4.6 3.2 7.6 28.4 13.9 12.5 14.1 27.2 22.7 23.3 11.2

T6 0 0 0 0 0 5.2 0.7 0 3.2 0 1.7 3.8 16.2 29.8 7.3 14.6 5.2

Mean 0.2 0.0 0.0 1.1 4.2 3.8 2.2 1.3 5.3 12.1 7.0 7.0 12.4 23.8 12.5 13.3 6.6

CHAR FRY 

DOLLY VARDEN JUVENILES & ADULTS



Appendix 4 Table 3.  Summary of bull trout densities (fish/100 m
2
) in Tributary 4 above Fishway

from 2000 to 2016.

SITE 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

South Fork T4 0 0 0 3.0 4.0 1.8 0.8 0.0 4.4 0.9 3.9 0.9 0.0 5.8 9.7 0.0 5.7 2.4

(above fishway) T5 0 1.4 0 10.0 2.9 7.3 0.6 0.6 0 0.7 8.2 9.7 2.6 5.9 9.9 0 12.2 4.2

Above Ice Falls T6 0 0 0 0 8.5 0 0 0 0 2.1 10.0 0.9 1.7 2.1 4.3 3.5 2.5 2.1

Mean 0.0 0.5 0.0 4.3 5.1 3.0 0.5 0.2 1.5 1.2 7.4 3.8 1.4 4.6 8.0 1.2 6.8 2.9

South Fork T4 0 2.8 10.5 10.9 9.3 6.2 7.5 4.2 2.9 10.0 10.8 10.1 1.1 2.9 6.4 7.5 3.2 6.3

(above fishway) T5 0 0 17.2 12.9 3.6 0.7 4.5 1.2 0 6.5 7.6 6.1 1.5 2.6 0.8 1.4 2.4 4.1

Above Ice Falls T6 0 0 0 0 0 6.5 6.8 1.4 7.5 10.0 15.1 5.6 6.4 3.2 1.1 1.7 2.5 4.0

Mean 0.0 0.9 9.2 7.9 4.3 4.5 6.3 2.3 3.5 8.8 11.2 7.3 3.0 2.9 2.8 3.5 2.7 4.8

 Note: Fishway operational in 2000

CHAR FRY

BULL TROUT JUVENILES



Appendix 5 Table 1.  Summary of Biomass Estimates at Electrofishing Sites in the 

       Kemess  Watershed from 1995 to 2016.

BIOMASS (g/m
2
) TOTAL

SYSTEM YEAR CHAR BT DV MW RB SCUL BIOMASS
0+ >=1+ >=1+ all 0+ >=1+ all (g/m

2
)

1995 0.004 0.536 0.112 0.768 0.000 0.036 0.000 1.455

South Kemess 1996 0.003 0.386 0.210 1.031 0.000 0.000 0.000 1.630

1997 0.005 0.528 0.476 0.410 0.000 0.116 0.000 1.535

1998 0.017 0.121 0.695 0.706 0.000 0.196 0.000 1.735

1999 0.001 0.068 0.782 0.702 0.000 0.000 0.000 1.552

2000 0.004 0.366 1.195 0.500 0.000 0.274 0.000 2.340

2001 0.002 0.032 1.017 0.618 0.000 0.067 0.000 1.736

2002 0.008 0.146 0.938 0.226 0.000 0.074 0.000 1.391

2003 0.042 0.338 0.150 0.000 0.000 0.000 0.000 0.530

2004 0.062 0.239 0.500 0.661 0.000 0.105 0.000 1.567

2005 0.071 0.475 0.550 0.132 0.000 0.557 0.000 1.783

2006 0.011 0.309 0.853 0.924 0.000 0.584 0.000 2.680

2007 0.026 0.292 0.581 0.469 0.000 0.161 0.000 1.530

2008 0.044 0.118 0.215 0.424 0.000 0.081 0.000 0.881

2009 0.029 0.234 0.144 0.305 0.000 0.000 0.000 0.712

2010 0.045 0.688 0.384 0.176 0.000 0.077 0.000 1.369

2011 0.039 0.322 0.129 0.275 0.000 0.000 0.000 0.766

2012 0.003 0.251 0.256 0.662 0.000 0.000 0.000 1.172

2013 0.105 0.248 0.135 1.086 0.000 0.051 0.000 1.844

2014 0.007 0.400 0.973 0.839 0.000 0.148 0.000 2.332

2015 0.009 0.684 0.228 0.943 0.000 0.080 0.000 1.943

2016 0.051 0.337 0.174 0.049 0.000 0.200 0.000 0.761
Mean 0.027 0.323 0.486 0.541 0.000 0.128 0.000 1.511

1995 0.201 0.485 1.416 0.000 0.000 0.101 0.000 2.202

North Kemess 1996 0.024 0.127 0.592 0.000 0.000 0.000 0.000 0.743

1997 0.044 0.198 0.866 0.365 0.000 0.000 0.000 1.472

1998 0.250 0.337 1.235 0.000 0.000 0.000 0.000 1.874

1999 0.058 0.309 0.706 0.000 0.000 0.000 0.000 1.074

2000 0.074 0.251 1.165 0.000 0.000 0.000 0.000 1.489

2001 0.019 0.328 0.698 0.000 0.000 0.000 0.000 1.045

2002 0.044 0.283 0.719 0.752 0.000 0.000 0.000 1.797

2003 0.148 0.297 0.456 0.000 0.000 0.000 0.000 0.901

2004 0.128 0.212 0.824 0.115 0.000 0.007 0.000 1.291

2005 0.125 0.276 0.903 0.104 0.000 0.006 0.000 1.418

2006 0.028 0.296 0.730 0.000 0.000 0.000 0.000 1.053

2007 0.126 0.139 0.356 0.000 0.000 0.000 0.000 0.621

2008 0.067 0.354 0.607 0.000 0.000 0.000 0.000 1.029
2009 0.029 0.471 0.347 0.000 0.000 0.252 0.000 1.098

2010 0.176 0.671 0.731 0.000 0.000 0.409 0.000 1.988

2011 0.025 0.206 0.357 0.280 0.000 0.000 0.000 0.867

2012 0.086 0.144 1.057 0.000 0.000 0.000 0.000 1.286

2013 0.021 0.240 0.199 0.000 0.000 0.000 0.000 0.460

2014 0.035 0.529 1.689 0.000 0.000 0.000 0.000 2.253

2015 0.160 0.315 0.358 0.000 0.000 0.642 0.000 1.474

2016 0.089 0.406 0.250 0.000 0.000 0.000 0.000 0.745
Mean 0.089 0.312 0.739 0.073 0.000 0.064 0.000 1.281

Kemess 1995 0.068 0.228 0.000 0.000 0.013 0.473 0.039 0.821

Mainstem 1996 0.011 0.210 0.087 0.050 0.003 0.102 0.014 0.478



Appendix 5 Table 1.  Summary of Biomass Estimates at Electrofishing Sites in the 

       Kemess  Watershed from 1995 to 2016.

BIOMASS (g/m
2
) TOTAL

SYSTEM YEAR CHAR BT DV MW RB SCUL BIOMASS
0+ >=1+ >=1+ all 0+ >=1+ all (g/m

2
)

1997 0.063 0.264 0.272 0.454 0.005 0.500 0.077 1.635

1998 0.094 0.149 0.342 0.000 0.002 0.087 0.079 0.754

1999 0.049 0.209 0.269 0.000 0.000 0.000 0.111 0.638

2000 0.066 0.320 0.298 0.000 0.003 0.000 0.387 1.074
2001 0.014 0.402 0.244 0.000 0.000 0.009 0.127 0.796

2002 0.022 0.234 0.139 0.210 0.000 0.000 0.053 0.658

Kemess 2003 0.088 0.338 0.066 0.000 0.004 0.022 0.111 0.630

Mainstem 2004 0.146 0.316 0.335 0.000 0.000 0.000 0.135 0.932

(Cont'd) 2005 0.070 0.282 0.206 0.066 0.002 0.089 0.117 0.833

2006 0.066 0.288 0.198 0.095 0.002 0.082 0.113 0.838

2007 0.021 0.385 0.101 0.000 0.002 0.875 0.091 1.475

2008 0.088 0.362 0.086 0.000 0.001 0.015 0.000 0.551

2009 0.070 0.743 0.184 0.808 0.000 0.000 0.017 1.823

2010 0.249 0.614 0.167 0.000 0.000 0.000 0.208 1.051

2011 0.120 0.373 0.050 0.000 0.000 0.000 0.022 0.565

2012 0.091 0.250 0.142 0.000 0.016 0.208 0.107 0.814

2013 0.070 0.249 0.007 0.000 0.000 0.035 0.037 0.398

2014 0.099 0.587 0.143 0.061 0.000 0.000 0.075 0.905

2015 0.188 0.689 0.028 0.000 0.005 0.000 0.166 1.074
2016 0.180 0.587 0.053 0.000 0.000 0.000 0.000 0.820

Mean 0.088 0.367 0.155 0.079 0.003 0.113 0.095 0.889

Kemess 1995 0.162 0.494 0.071 0.000 0.007 0.017 0.024 0.775

Sidechannel 1996 0.064 0.459 0.148 0.000 0.001 0.017 0.141 0.830

1997 0.135 0.381 0.432 0.000 0.015 0.000 0.009 0.971

1998 0.152 0.564 0.589 0.000 0.005 0.064 0.000 1.374

1999 0.295 0.644 0.422 0.000 0.000 0.377 0.057 1.795

2000 0.139 0.835 0.347 0.000 0.007 0.320 0.062 1.710

2001 0.154 0.465 0.305 0.000 0.000 0.030 0.000 0.954

2002 0.268 0.611 0.356 0.467 0.000 0.000 0.000 1.702

2003 0.195 0.613 0.049 0.000 0.000 0.000 0.000 0.858

2004 0.191 0.517 0.557 0.000 0.002 0.000 0.000 1.268

2005 0.184 0.554 0.304 0.042 0.003 0.075 0.027 1.189

2006 0.214 0.543 0.292 0.039 0.003 0.069 0.024 1.173

2007 0.406 0.224 0.000 0.000 0.001 0.000 0.002 0.453

2008 0.399 0.436 0.148 0.000 0.000 0.000 0.000 0.983

2009 0.218 0.335 0.047 0.000 0.000 0.153 0.000 0.753

2010 0.316 1.312 0.260 0.000 0.000 0.000 0.000 1.892

2011 0.149 0.102 0.030 0.000 0.000 0.000 0.212 0.493

2012 0.147 0.398 0.047 0.000 0.000 0.000 0.054 0.646

2013 0.120 0.289 0.106 0.000 0.000 0.000 0.065 0.580

2014 0.275 0.591 0.046 0.000 0.000 0.000 0.031 0.942

2015 0.180 0.342 0.092 0.000 0.000 0.000 0.093 0.708

2016 0.191 0.783 0.060 0.000 0.007 0.000 0.095 1.136
Mean 0.207 0.522 0.214 0.025 0.002 0.051 0.041 1.054

1995 0.196 0.000 0.221 0.000 0.377 0.590 0.000 1.384

El Condor 1996 0.293 0.450 0.102 0.000 0.040 1.774 0.000 2.658

1997 0.109 0.840 0.577 0.000 0.066 0.607 0.000 2.198

1998 0.355 0.544 0.632 0.000 0.126 1.123 0.000 2.780



Appendix 5 Table 1.  Summary of Biomass Estimates at Electrofishing Sites in the 

       Kemess  Watershed from 1995 to 2016.

BIOMASS (g/m
2
) TOTAL

SYSTEM YEAR CHAR BT DV MW RB SCUL BIOMASS
0+ >=1+ >=1+ all 0+ >=1+ all (g/m

2
)

1999 0.450 0.198 2.300 3.856 0.065 1.458 0.000 4.471

2000 0.244 0.235 0.738 1.917 0.085 1.561 0.000 2.863

2001 0.140 0.486 0.159 0.460 0.016 1.795 0.000 2.595

2002 0.340 0.000 6.348 0.000 0.182 1.415 0.000 8.284

2003 0.530 0.710 0.000 0.000 0.049 0.555 0.000 1.843

2004 0.348 0.854 1.414 1.721 0.000 0.000 0.000 2.616

2005 0.000 0.968 0.201 0.00 0.425 0.361 0.000 1.955

2006 0.045 0.268 0.000 0.000 0.000 0.246 0.000 0.559

2007 0.180 0.174 0.000 0.000 0.002 0.000 0.007 0.363

2008 0.373 0.000 0.683 0.000 1.558 5.714 0.000 8.328

2009 0.039 0.84 0.390 0.450 1.107 3.493 0.000 8.328

2010 0.132 2.612 1.834 0.000 0.765 7.037 0.000 12.381

El Condor 2011 0.000 0.000 0.255 0.000 1.212 6.170 0.000 7.894

(Cont'd) 2012 0.291 0.431 3.054 0.183 0.288 1.640 0.000 5.705

2013 0.071 0.419 0.742 0.000 0.318 0.783 0.000 2.332

2014 0.000 0.000 0.462 0.000 1.045 3.790 0.000 5.297

2015 1.409 0.000 0.121 0.000 1.361 2.116 0.000 5.008

2016 0.017 0.000 1.228 0.150 0.000 2.582 0.000 3.827
Mean 0.253 0.456 0.976 0.397 0.413 2.037 0.000 4.258



Appendix 6 Table 1.  Summary of char species separation in upper 

North Kemess Creek since 2002.

Year N BT DV Hyb

2002 16 1 6 9

2003 15 7 6 2

2004 15 4 3 8

2005 20 15 1 4

2006 12 5 6 1

2007 15 9 0 6

2008 11 4 2 5

2009

2010

2011

2012

2013

2014

2015

2016

Total 104 45 24 35

% 43.3 23.1 33.7

Year N BT DV

2002 26 6 20

2003 40 7 33

2004 67 14 53

2005 67 17 50

2006 64 10 54

2007 36 9 27

2008 70 19 51

2009 91 33 58

2010 78 30 48

2011 64 19 45

2012 59 14 45

2013 58 17 41

2014 72 18 54

2015 38 8 30

2016 58 7 51

Total 888 228 660

% 26.6 73.4

*These numbers represent actual fish captured. 

Species separation for fry based on DNA analyses

Species separation for juveniles based on visual characteristics. 

Site NK 13, 16 and 22a

Char Fry

Char Juveniles

no samples retained

no samples retained

no samples retained

no samples retained

no samples retained

no samples retained

no samples retained

no samples retained



Appendix 6 Table 2.  Summary of char species separation in the South 

Fork of Tributary 4 since fishway construction in 1999.

Year N BT DV Hyb

2000

2001 2 2 0 0

2002 3 3 0 0

2003 10 10 0 0

2004 12 8 4 0

2005 10 3 3 4

2006 2 0 2 0

2007 0 0 0 0

2008 5 4 0 1

2009 2 1 1 0

2010

2011

2012

2013

2014

2015

2016

Total 46 31 10 5

% 67.4 21.7 10.9

Year N BT DV

2000

2001 4 3 1

2002 30 30 0

2003 30 30 0

2004 23 18 5

2005 32 14 18

2006 36 22 14

2007 20 10 10

2008 19 13 6

2009 48 29 19

2010 70 29 41

2011 50 25 25

2012 37 7 30

2013 52 9 43

2014 80 8 72

2015 58 13 45

2016 40 8 32

Total 629 268 361

% 42.6 57.4

*These numbers represent actual fish captured. 

Species separation for fry based on DNA analyses

Species separation for juveniles based on visual characteristics. 

Char Fry

Char Juveniles

No fish sampled

No fish sampled

no samples retained

no samples retained

no samples retained

no samples retained

no samples retained

no samples retained

no samples retained



Appendix 7 Table 1.  Juvenile Bull Trout Mean Fork Lengths (mm) in Kemess Creek from 1994-2016.

Year 1993-94* ** 1995 1996 1997 1998 1999 2000 2001

Age 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+

South Kemess
1

Mean na 83.0 133.0 40.4 75.2 122.8 44.2 73.9 114.1 32.6 75.8 119.4 43.9 74.3 116.0 36.0 78.2 107.0 67.3 127.1 34.8 101.0

N 0 4 4 5 25 13 10 26 8 8 11 13 12 3 2 1 5 2 4 7 3 1

Std. na 7.4 35.9 7.1 11.2 17.1 11.4 13.3 9.8 2.1 10.3 15.7 3.8 6.7 8.5 0.0 18.8 4.2 1.7 16.2 0.6 0.0

North Kemess
2

Mean 38.4 71.4 111.0 36.1 80.2 114.9 38.5 68.7 120.5 36.1 81.3 146.7 40.6 73.2 117.0 35.1 74.5 104.8 36.2 80.4 110.2 31.2 69.5 125.5

N 16 17 3 24 26 8 15 22 2 38 19 3 58 32 2 35 25 4 40 10 6 15 15 4

Std. 6.8 12.1 1.0 2.5 13.1 15.9 8.9 12.5 9.2 2.3 14.3 18.2 3.6 10.7 19.8 3.9 10.7 5.6 2.9 14.7 8.4 4.9 9.1 13.8

Lower Kemess
3

Mean 43 79.2 112.7 41.7 79.2 115.7 37.3 71.1 108.8 37.6 74.0 na 44.0 75.0 113.0 37.3 74.2 113.6 39.6 72.7 109.8 37.6 70.1 115.8

N 21 18 3 55 21 3 34 36 4 96 46 0 117 30 4 143 34 5 76 52 8 64 38 4

Std. 6.3 7.0 5.9 5.0 12.0 17.5 5.5 11.0 5.0 5.1 13.2 na 4.3 8.5 6.7 3.7 7.9 10.1 4.5 7.6 12.3 3.9 9.5 28.3

*The 1994 fish were not separated into DV and BT;  BT are predominant at these sites.

**South Kemess Creek sites were sampled in 1993, not 1994.  BT are predominant at S. Kemess sites based on sampling since 1994.

1
South Kemess Creek includes sites TP1 and TP2 to 2002; TP3 and TP4 added from 2003 onward.

2
North Kemess Creek includes sites NK4, NK7, NK13, and NK16 (parr from NK22a are also included).

3
Lower Kemess Creek includes sites KS1, KS2, KS3/KS3a/KS3b/KS3c, KM1, KM2, KM3, KM4, and KM5.

The char fry data included in the above table may be a BT/DV mix, but BT are the predominant species at these sites. 

Age breakout based on otolith samples taken in 1993 and 1994 (Bustard & Hallam Knight Piesold 1995),  Fish <= 55 mm are included as age 0+.  



Appendix 7 Table 1.  Juvenile Bull Trout Mean Fork Lengths (mm) in Kemess Creek from 1994-2016.

Year

Age 

South Kemess
1

Mean

N

Std.

North Kemess
2

Mean

N

Std.

Lower Kemess
3

Mean

N

Std.

0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+

36.1 67.5 123.5 40.7 75.4 119.3 44.7 80 106.6 42.5 80.9 113.0 35.7 75.0 109.9 35.5 76.4 113 39.6 84.2 104.2 40.9 80.9 131.2

14 17 2 63 28 11 68 27 9 20 38 16 21 11 15 8 19 9 62 13 9 37 21 6

3.6 7.6 26.2 2.2 5.5 17.8 3.41 5.53 3.97 3.5 6.3 7 2.1 9.5 9.6 2.6 11.2 5.9 2.7 10.3 3.7 2.4 5.0 24.6

35.2 71.1 141.3 34.9 72.3 147.7 39.3 77.0 104 36.6 74.6 111.0 37.2 80.2 118.7 32.7 64.1 124.6 34.7 71.1 111.5 37.2 68.4 133.7

17 15 4 51 11 3 73 27 1 84 20 4 11 12 6 24 9 5 66 31 2 22 45 3

3.7 14.2 28.2 4.1 12.6 27.2 3.7 10.7 na 4.2 12.4 16.2 6.2 13.3 24.2 3.6 10.4 24.8 6.2 8.4 3.5 4.5 21.8 17.2

36.3 70.9 100 40.2 74.1 121.3 42.6 75.8 112.3 43.6 80.5 114.2 41.3 77.1 110 38.9 75.6 113.5 41 73.9 113.3 41.5 72.7 113

103 54 1 111 58 4 113 56 6 108 30 6 98 28 5 70 27 4 122 37 4 82 65 3

3.8 11.4 na 3.6 9.5 14.3 3.9 8.4 3.9 4.0 9.3 8.9 3.7 11.1 11.8 4.9 11.1 9.5 4.4 8.67 10.3 4.4 8.7 15.6

2002 2003 2004 2005 2006 200920082007



Appendix 7 Table 1.  Juvenile Bull Trout Mean Fork Lengths (mm) in Kemess Creek from 1994-2016.

Year

Age 

South Kemess
1

Mean

N

Std.

North Kemess
2

Mean

N

Std.

Lower Kemess
3

Mean

N

Std.

0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+ 0+ 1+ >=2+

43.4 79.9 118 38.8 79.9 114.6 39.3 77.8 113 43.5 81.0 112 46.0 91.6 118.8 51.8 79.3 130 53.0 86.9 116

42 55 19.02 72 13 22 9 17 10 88 23 7 6 36 20 5 10 22 25 11 16

3.0 5.2 15 2.3 7.2 8.8 2.52 6.91 12.5 2.92 7.89 11.1 5.0 10.7 21.8 2.9 14.0 15.6 3.1 7.0 16.2

39.4 78.5 114.3 33.2 62.8 117.4 32.7 65.6 123 36.2 74.8 - 43.1 73.0 120.3 35.9 84.3 127 38.9 86.6 123

76 36 6 30 21 9 52 19 2 45 23 23 19 6 23 9 4 65 5 5

3.7 12.1 8.6 2.7 7.9 16.3 2.86 11.4 16.3 5.5 12.1 5.6 9.9 15.0 2.8 10.9 19.7 6.8 10.1 14.1

43.3 81.3 108.4 38.9 69.7 115.7 39.2 74.5 111 41.8 74.7 112 45.8 82.2 119.7 43.1 82.5 113 47.6 82.8 121

139 39 8 104 20 3 59 3.3 2 67 23 5 71 41 6 115 40 5 78 46 9

3.7 9.4 8.9 3.0 5.9 14.2 4.26 10.9 0.71 3.51 5.91 10.1 4.8 11.3 16.1 4.9 8.7 1.9 3.9 6.2 20.8

2016201520142013201220112010



Appendix 8 Table 1.  Catch Composition of Kemess Creek Sample Sites from 1995-2016.

SPECIES SOUTH KEMESS

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean 1995 1996 1997

Char fry 4 5 8 12 2 6 4 14 63 68 22 21 9 61 36 41 72 5 87 5 5 22 26.0 81 28 63

% 7.7 8.5 16.7 22.2 4.2 7.1 7.8 23.0 58.3 47.9 22.7 23.1 20.5 68.5 52.9 33.1 66.7 12.2 66.4 9.1 8.6 42.3 28.6 46.8 25.6 33.9

Dolly Varden 6 9 10 21 26 49 34 25 6 23 15 28 10 11 12 11 5 10 8 19 11 4 16.0 59 66 96

% 11.5 15.3 20.8 38.9 52.0 58.3 66.7 41.0 5.6 16.2 15.5 30.8 22.7 12.4 17.6 8.9 4.6 24.4 6.1 34.5 19.0 7.7 24.1 34.1 57.3 51.6

Bull trout 39 40 25 5 7 16 5 19 39 36 53 27 19 13 17 67 26 18 25 18 27 22 25.6 32 29 22

% 75.0 67.8 52.1 9.3 14.0 19.0 9.8 31.1 36.1 25.4 54.6 29.7 43.2 14.6 25.0 54.0 24.1 43.9 19.1 32.7 46.6 42.3 35.0 18.5 17.1 11.8

M. whitefish 2 5 4 14 15 11 7 2 0 13 3 11 5 3 3 2 5 8 9 11 13 1 6.7 0 0 5

% 3.8 8.5 8.3 25.9 30.0 13.1 13.7 3.3 0 9.2 3.1 12.1 11.4 3.4 4.4 1.6 4.6 19.5 6.9 20.0 22.4 1.9 10.3 0.0 0.0 2.7

Rainbow fry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0

% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rainbow parr 1 0 1 2 0 2 2 1 0 2 4 4 1 1 0 3 0 0 2 2 2 3 1.5 1 0 0

% 1.9 0.0 2.1 3.7 0.0 2.4 2.0 1.6 0.0 1.4 4.1 4.4 2.3 1.1 0.0 2.4 0.0 0.0 1.5 3.6 2.4 5.8 1.9 0.6 0.0 0.0

Sculpin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0

% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL 52 59 48 54 50 84 51 61 108 142 97 91 44 89 68 124 108 41 131 55 58 52 75.8 173 82 186

Area (m
2
) 597 573 512 454 626 641 704 655 911 991 930 897 896 864 882 805 901 941 855 868 927 858 786 418 764.5 673

Length (m) 100 100 100 100 135 130 130 130 171 171 169 148 148 148 148 148 148 148 148 148 148 148 139 123 166.5 172

NORTH KEMESS                



SPECIES

Char fry 

%

Dolly Varden

%

Bull trout

%

M. whitefish

%

Rainbow fry

%

Rainbow parr

%

Sculpin

%

TOTAL

Area (m
2
)

Length (m)

Appendix 8 Table 1.  Catch Composition (Cont'd).

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean 1995 1996 1997 1998 1999 2000

157 72 68 27 51 119 145 196 62 116 147 88 142 53 66 68 25 40 67 85.5 65 30 94 117 162 76

57.7 43.6 59.1 30.3 49.5 68.8 59.2 67.1 39.2 69.5 57.6 40.2 57.3 38.4 40.7 43.0 19.7 41.2 48.9 47.2 56.5 33.0 46.8 61.9 68.4 40.9

79 64 63 43 32 39 71 68 78 37 73 81 63 52 75 67 76 41 60 62.9 2 15 26 26 24 22

29.0 38.8 54.8 48.3 31.1 22.5 29.0 23.3 49.4 22.2 28.6 37.0 25.4 37.7 46.3 42.4 59.8 42.3 43.8 38.8 1.7 16.5 12.9 13.8 10.1 11.8

35 29 17 19 19 15 28 28 18 14 34 48 42 30 21 23 26 13 10 25.1 26 34 49 34 39 60

12.9 17.6 14.8 21.3 18.4 8.7 11.4 9.6 11.4 8.4 13.3 21.9 16.9 21.7 13.0 14.6 20.5 13.4 7.3 14.8 22.6 37.4 24.4 18.0 16.5 32.3

1 0 0 0 1 0 1 0 0 0 0 1 0 3 0 0 0 0 0 0.5 0 1 6 0 0 0

0.4 0.0 0.0 0.0 1.0 0.0 0.4 0.0 0.0 0.0 0.0 0.5 0.0 2.2 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.1 3.0 0.0 0.0 0.0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 3 4 14 3 0 5

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 4.4 7.0 1.6 0.0 2.7

0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 3 0 0.3 5 2 3 2 3 3

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.5 0.4 0.0 0.0 0.0 0.0 3.1 0.0 0.2 4.3 2.2 1.5 1.1 1.3 1.6

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 14 5 9 7 9 20

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.2 5.5 4.5 3.7 3.8 10.8

272 165 115 89 103 173 245 292 158 167 255 219 248 138 162 158 127 97 137 171 115 91 201 189 237 186

608 550 590 685 646 579 648 669 711 682 641 507 553 786 687 723 626 751 689 643 642 465 561 604 607 586

167 164 164 176 178 164.4 114 180.5 185 185 188 188 188 200 187 177 177 177 177 172 141 143 179 173 172 172

NORTH KEMESS                NORTH KEMESS (cont'd)) LOWER KEMESS                                                                    



SPECIES

Char fry 

%

Dolly Varden

%

Bull trout

%

M. whitefish

%

Rainbow fry

%

Rainbow parr

%

Sculpin

%

TOTAL

Area (m
2
)

Length (m)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

65 103 117 118 131 113 79 124 81 178 104 59 70 71 116 78 97.8

47.4 57.9 59.4 60.5 70.4 69.3 61.7 69.3 55.5 72.4 71.2 46.8 63.1 53.4 61.1 54.2 58.2

18 13 6 16 10 10 5 12 7 9 3 6 3 9 6 5 11.5

13.1 7.3 3.0 8.2 5.4 6.1 3.9 6.7 4.8 3.7 2.1 4.8 2.7 6.8 3.2 3.5 6.9

43 55 63 49 38 33 31 41 54 52 23 44 27 48 46 52 42.8

31.4 30.9 32.0 25.1 20.4 20.2 24.2 22.9 37.0 21.1 15.8 34.9 24.3 36.1 24.2 36.1 26.7

0 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0.5

0.0 1.7 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3

0 0 4 1 0 1 4 1 0 1 0 1 0 0 3 0 2.0

0.0 0.0 2.0 0.5 0.0 0.6 3.1 0.6 0.0 0.4 0.0 0.8 0.0 0.0 1.6 0.0 1.3

3 0 1 0 0 0 4 1 1 0 0 2 2 1 0 0 1.5

2.2 0.0 0.5 0.0 0.0 0.0 3.1 0.6 0.7 0.0 0.0 1.6 1.8 0.8 0.0 0.0 1.1

8 4 6 11 7 4 5 0 3 6 16 14 9 4 19 9 8.6

5.8 2.2 3.0 5.6 3.8 2.5 3.9 0.0 2.1 2.4 11.0 11.1 8.1 3.0 10.0 6.3 5.5

137 178 197 195 186 163 128 179 146 246 146 126 111 133 190 144 165

537 580 661 700 634.9 716 716 551 541 522 527 544 623 617 588 586 596

163 174 180.4 161.1 140 177 196 169 175 165 164 176 174 186 175 175 170

LOWER KEMESS                                                                    LOWER KEMESS (cont'd)

Appendix 8 Table 1.  Catch Composition (Cont'd).



Appendix 8 Table 2.  Juvenile Fish Catch Composition at El Condor Creek Sample Sites from 1995 to 2016.

SPECIES

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Range Mean

Char fry 13 15 11 24 15 18 8 12 24 7 0 2 0 10 1 4 0 15 2 0 83 4 0-83 12.2

% 38.2 51.7 37.9 55.8 37.5 43.9 38.1 25.5 68.6 14.0 0.0 40.0 0.0 11.8 1.8 9.1 0.0 22.7 8.3 0.0 48.5 17.4 0-68 26.0

Dolly Varden 3 1 4 5 8 3 1 7 0 6 3 0 10 3 3 1 3 9 8 5 1 12 0-12 4.4

% 8.8 3.4 13.8 11.6 20.0 7.3 4.8 14.9 0.0 12.0 17.6 0.0 29.4 3.5 5.4 2.3 5.7 13.6 33.3 4.8 0.6 52.2 0-52 12.0

Bull trout 0 1 3 1 1 2 1 0 2 3 1 1 0 0 1 1 0 1 1 0 0 0 0-3 0.9

% 0.0 3.4 10.3 2.3 2.5 4.9 4.8 0.0 5.7 6.0 5.9 20.0 0.0 0.0 1.8 2.3 0.0 1.5 4.2 0.0 0.0 0.0 0-20 3.4

M. whitefish 0 0 0 0 3 3 3 0 0 0 0 0 0 0 1 0 3 1 0 0 0 1 0-3 0.7

% 0.0 0.0 0.0 0.0 7.5 7.3 14.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.0 5.7 1.5 0.0 0.0 0.0 4.3 0-14 1.9

Rainbow fry 16 7 6 8 7 7 2 23 5 34 12 0 15 50 39 19 42 29 10 85 77 0 0-85 22.4

% 47.1 24.1 20.7 18.6 17.5 17.1 9.5 48.9 14.3 68.0 70.6 0.0 44.1 58.8 69.6 43.2 79.2 43.9 41.7 81.7 45.0 0.0 0-82 39.3

Rainbow parr 2 5 5 5 6 8 6 5 4 0 1 2 9 22 11 19 5 11 3 14 10 6 0-22 7.2

% 5.9 17.2 17.2 11.6 15.0 19.5 28.6 10.6 11.4 0.0 5.9 40.0 26.5 25.9 19.6 43.2 9.4 16.7 12.5 13.5 5.8 26.1 0-43 17.4

TOTAL 34 29 29 43 40 41 21 47 35 50 17 5 34 85 56 44 53 66 24 104 171 23 5-171 48

Area (m
2
) 58 57 57 57 54 50 44 47 48 39 47 55 44 44 43 39 39 57 42 98 90 113 39-113 55.6

Length (m) 21 20 20 20 20 20 21 20 20 20 18 18 17 17 17 17 17 17 17 20 22 29 17-29 19.5

Values in bold are outside of previous range

EL CONDOR CREEK



Appendix 8 Table 3.  Catch Composition of Tributary 4 Index Sites above Fishway from 2001-2016.

Species

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Mean

Char fry 2 0 18 13 13 2 1 6 4 22 15 8 17 19 3 21 10.3

% 33.3 0.0 37.5 36.1 28.9 5.3 4.8 24.0 7.7 23.9 23.1 17.8 24.6 19.2 4.9 34.4 20.3

Dolly Varden 1 0 0 5 18 14 10 6 19 41 25 30 43 72 45 32 22.6  
% 16.7 0.0 0.0 13.9 40.0 36.8 47.6 24.0 36.5 44.6 38.5 66.7 62.3 72.7 73.8 52.5 39.2

Bull trout 3 30 30 18 14 22 10 13 29 29 25 7 9 8 13 8 16.8

% 50.0 100 62.5 50.0 31.1 57.9 47.6 52.0 55.8 31.5 38.5 15.6 13.0 8.1 21.3 13.1 40.5

TOTAL 6 30 48 36 45 38 21 25 52 92 65 45 69 99 61 61 50

Area (m
2
) 419 421 405 350 357 391 473 411 352 305 375 416 352 309 379 296 376

DNA analyses of 46 char fry from 2001 to 2009 indicated the following breakdown:

Bull trout- 67.4%; Dolly Varden - 21.7%; Hybrid fry - 10.9%

Tributary 4 upstream from the fishway



Appendix 9 Table 1.  Summary of external fish health assessments in South Kemess and lower North Kemess

juvenile fish index sites 2016. 

Site Species Number 
Evaluated Fin Skin Eye Gills Opercles Spinal Craniofacial Comments

Erosion Aberration Shortened Deformity Deformity

TP1 BT 1 1 0 0 0 0 0 0
DV 1 0 0 0 0 0 0 0

RBT 1 0 0 0 0 0 0 0
TP2 BT 3 0 0 0 0 0 0 0 Upper caudal clip  on 122 fl BT

RBT 1 0 0 0 0 0 0 0
TP3 BT 4 1 0 0 0 0 0 0

DV 3 0 0 0 0 0 0 0 2 mature fish
RBT 1 0 0 0 0 0 0 0

TP4 BT 11 1 0 0 0 0 0 0
MW 1 0 0 0 0 0 0 0

TP5 BT 8 0 0 0 0 2 0 0
DV 5 0 0 0 1 3 0 0 Gills clubbed (white growth)

Total BT 27 3 0 0 0 2 0 0
DV 9 0 0 0 1 3 0 0

MW 1 0 0 0 0 0 0 0
RBT 3 0 0 0 0 0 0 0
ALL 40 3 0 0 1 5 0 0

NK4 BT 1 0 0 0 0 0 0 0
DV 3 0 0 0 0 0 0 0

NK7 BT 2 0 0 0 0 0 0 0
DV 2 0 0 0 0 0 0 0

NK13 BT 7 0 0 0 0 2 0 0
DV 11 0 0 0 0 3 0 0

Total BT 10 0 0 0 0 2 0 0
DV 16 0 0 0 0 3 0 0

ALL 26 0 0 0 5 0 0
Note: All assessments were conducted on juvenile/adult fish captured during August 2016 electrofishing surveys.

Deformity/Aberration

South Kemess

North Kemess



Appendix 9 Table 2.  Summary of external fish health assessments in South Kemess and lower North Kemess

juvenile fish index sites. 

Year 

Number Fin Skin Eye Gills Opercles Spinal Craniofacial Total Percent

Evaluated Erosion Aberration Shortened Deformity Deformity Anomalies

2010 91 4 0 0 0 7 0 0 11 12.1

2011 41 2 0 0 0 3 1 0 6 14.6

2012 44 2 0 0 0 3 0 0 5 11.4

2013 48 0 0 0 0 1 0 0 1 2.1

2014 95 1 1 0 0 7 0 0 9 9.5

2015 60 2 0 0 0 4 0 0 6 10.0

2016 40 3 0 0 1 5 0 0 9 22.5

Combined 419 14 0 0 0 30 1 0 47 11.2

2010 80 2 0 0 1 4 2 0 9 11.3

2011 62 1 0 2 1 2 1 0 7 11.3

2012 17 0 0 0 0 0 3 0 3 17.6

2013 40 1 1 0 0 0 0 0 2 5.0

2014 47 1 1 0 0 2 0 0 4 8.5

2015 47 0 1 0 0 2 0 0 3 6.4

2016 26 0 0 0 0 5 0 0 5 19.2

Combined 319 5 3 2 2 15 6 0 33 10.3

North Kemess

Deformity/Aberration

South Kemess



Appendix 10 Figure 1a. Median density of bull trout fry (fish/100 m2) in lower Kemess, 
North Kemess and South Kemess creeks since tailings pond construction.1 

 
 
Appendix 10 Figure 1b. Median density of bull trout fry (fish/100 m2) in Lower Kemess, 
North Kemess and South Kemess creeks by site since tailing pond construction. 

 
  

                                                 
1 Note re Box plots: 

The actual box contains 50% of the data. The upper edge is the 75th percentile (75% of observations fall below the 
upper edge of the box) and the bottom edge is the 25th percentile. The line in the box is the median and the 
“whiskers” (dashed lines crossed at the top and bottom) indicate the maximum and minimum values. Points outside 
the whiskers are outliers or suspected outliers (Tukey 1977). 

 



Appendix 10 Figure 2a.  Change in bull trout fry density (fish/100 m2) over time in Lower 
Kemess, North Kemess and South Kemess creeks since tailing pond construction. 

 
 
Appendix 10 Figure 2b.  Change in bull trout fry density (fish/100 m2) over time in Lower 
Kemess, North Kemess and South Kemess creeks since tailing pond construction with 
linear trend fit to each creek over time. 
 

 
 



Appendix 10 Figure 3a. Median density of juvenile bull trout (fish/100 m2) between Lower 
Kemess, North Kemess and South Kemess creeks since tailings pond construction 2. 

 

Appendix 10 Figure 3b. Median density of juvenile bull trout (fish/100 m2) in Lower 
Kemess, North Kemess and South Kemess creeks by site since tailing pond construction. 

 

                                                 
2 Note re Box plots: 

The actual box contains 50% of the data. The upper edge is the 75th percentile (75% of observations fall below the 
upper edge of the box) and the bottom edge is the 25th percentile. The line in the box is the median and the 
“whiskers” (dashed lines crossed at the top and bottom) indicate the maximum and minimum values. Points outside 
the whiskers are outliers or suspected outliers (Tukey 1977). 

 



Appendix 10 Figure 4a.  Change in bull trout density of juveniles (fish/100 m2) over time in 
Lower Kemess, North Kemess and South Kemess creeks since tailing pond construction. 

 

Appendix 10 Figure 4b. Change in bull trout density of juveniles (fish/100 m2) over time in 
Lower Kemess, North Kemess and South Kemess creeks since tailing pond construction 
with linear trend fit to each creek over time. 

 



Appendix 10 Figure 5. Bull trout fry over time (1997-2016) in South Kemess 

 
 
The overall trend in fry numbers in South Kemess, has generally been increasing (not significant year*treatment 
interaction in the overall linear model: slope: 0.12, F=, p=; Figure 5, Table 1) since tailing pond construction in 
1997. There has been a sharp decline in bull trout fry in South Kemess following the initiation of releases from the 
SRP since 2013 with an increase again in 2016, but not as high as pre-2013).  The linear mixed model does not 
detect this trend. This is a result of the variability in fry densities over time. We anticipate that if the low numbers of 
fry continue, the model will begin to detect this change, but this may take many years to detect given the previous 
increasing trend. In 2015 the slope of the line was 0.18, while in 2016 it was 0.12, suggesting a slight flattening of 
that increasing trend). 



Appendix 10 Table 1. Results of linear mixed model assessment to evaluate trends in bull 
trout fry densities in the Kemess Watershed since tailings pond construction. 
 
Formula: Density ~ Year * Treatment + (1 | Site)  
 
Fixed Effects: Year, Treatment 
Random Effects: Random intercept for site dependent on year 
Denominator df: Satterthwaite, type III 
 
Overall Model: 

Effect Df SS MS F value P-value 
Year 1 7.46 7.46 0.05 0.83 
Treatment 2 104.38 52.191 0.33 0.72 
Year*Treatment 2 98.67 49.34 0.31 0.73 

 
Random effects: 

Groups Name Variance SD 
Site (intercept) 78.01 8.83 
Residual 157.72 12.56 

Number of obs: 292 (1997-2016), groups: Site, 15 
 
Fixed Effects: 

Contrast Estimate SE denominator DF T value P-value 
Intercept 234.63 345.50 274.12 0.679 0.50 
Year -0.11 0.17 274.08 -0.620 0.54 
North v Lower -437.84 661.58 274.13 -0.662 0.51 
South v Lower -417.30 655.00 276.06 -0.637 0.53 
South v North -20.54 792.45 275.47 -0.026 0.98 
Year*North v Year*Lower 0.21 0.33 274.08 0.650 0.52 
Year*South v Year*Lower 0.20 0.33 276.01 0.612 0.54 
Year*North v Year*South 0.01 0.39 275.43 0.037 0.97 

 
Results summary: 
There is no significant difference between any of the creeks since tailing pond construction in 1997. There is no 
difference between the North Kemess (reference) and the Lower or South Kemess creeks since tailings pond 
construction (1997). The South Kemess continues to have the lowest fry densities compared to either North or 
Lower Kemess, but this difference is not significant. Lower Kemess has the highest density, but also the highest 
variation in density compared to either the North or South Kemess creeks. 
 
 

 
 

 



Appendix 10 Table 2. Results of linear mixed model assessment to evaluate trends in bull 
trout juvenile densities in the Kemess Watershed since tailings pond construction. 
 
Formula: Density ~ Year * Treatment + (1| Site)  
 
Fixed Effects: Year, Treatment 
Random Effects: Random intercept for site dependent on year 
Denominator df: Satterthwaite, type III 
 
Overall Model: 

Effect Df SS MS F value P-value 
Year 1 36.69 36.69 1.54 0.22 
Treatment 2 52.30 26.15 1.10 0.34 
Year*Treatment 2 52.20 26.10 1.10 0.34 

 
Random effects: 

Groups Name Variance SD 
Site (intercept) 8.387 2.90 
Residual 23.86 4.88 

Number of obs: 292 (1997-2016), groups: Site, 15 
 
Fixed effects: 

Contrast Estimate SE denominator DF T value P-value 
Intercept 38.15 134.37 274.12 0.28 0.78 
Year -0.02 0.07 274.08 -0.23 0.82 
North v Lower 354.95 275.29 274.12 1.38 0.17 
South v Lower -34.81 254.57 276.66 -0.14 0.89 
South v North 389.8 308.0 275.9 1.27 0.21 
Year*North v Year*Lower -0.18 0.13 274.08 -1.39 0.17 
Year*South v Year*Lower 0.02 0.13 276.62 0.12 0.91 
Year*North v Year*South -0.19 0.15 275.9 -1.26 0.21 

 
Results summary: 
There are no significant trends between treatments (streams: North, South, Lower Kemess) or over time since 
tailings pond construction in 1997. South Kemess has the lowest juvenile densities compared to both North 
(reference) and Lower Kemess creeks, but this is not significant. 
 
 

 




