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ABSTRACT 
This project was initiated in 2017 to assess the value of a Chinook salmon stock restoration plan for the 

Takhini River Watershed.  The conservation component (Part 1) aims to derive spawner abundance 

estimates for adult Chinook salmon returning to the Takhini River Watershed.  In the first year of 

assessment a candidate sonar site was located on the lower reaches of the Takhini River. Two short-

range ARIS (1800) sonars were operated between August 10th and September 5th.  Sonar operations 

began after the highest daily counts were observed at the Whitehorse Rapids Fishway.  Test netting 

captured a total of 15 Chinook salmon and 36 freshwater fish. Including run expansion data and 

incorporating species apportionment for weekly captures of large >600 mm freshwater species, a 

conservative estimate of 1,872 Chinook migrated upstream past the sonar site in the Takhini watershed.   
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INTRODUCTION 
BACKGROUND AND OBJECTIVES 

The productivity of Chinook salmon in the upper Yukon River has decreased from a high of 5 recruits per 

spawner in the 1980s to less than 2 recruits per spawner at current levels (JTC, 2018). These reductions 

in productivity have resulted in significant reductions in abundance of salmon and have affected the 

lives of people who rely on salmon for sustenance, cultural identity, and fishery opportunities.  

The Takhini River watershed was identified as a candidate for stock restoration and in 2017 field 

investigations were initiated to assess the value of a stock restoration plan for this watershed. This 

project aims to establish a baseline understanding of current abundance and distribution of Chinook 

salmon in the Takhini River drainage by: 

1. Deriving  spawner abundance estimates for adult Chinook salmon  

2. Assessing the distribution of adult spawners and summer-rearing juvenile Chinook salmon 

3. Quantifying and characterizing habitats used by Chinook salmon in the Takhini River 

The conservation (Part 1) component of this report will present 2018 Chinook spawner abundance 

estimates for the Takhini River watershed.  In the restoration component (Part 2) preliminary data on 

existing population levels, distribution and historical data including Local and Traditional Knowledge 

(LTK), will be presented. The long-term goal is to estimate the productive capacity of this system and 

determine whether the Takhini River drainage can host future stock restoration work and build capacity 

for local fisheries.  The Takhini River’s close proximity to Whitehorse makes any potential restoration 

effort more cost effective, and fisheries capacity building more accessible than comparable remote sites.  

WATERSHED DESCRIPTION 

The Takhini River flows from Kusawa Lake for 115 km into the Yukon River north of Whitehorse. The two 

main tributaries to the Takhini are the Mendenhall River and the Ibex River (Figure 1). Historic 

observations and studies from the late 1950s to the early 2000s suggest that the Takhini River supported 

a Chinook salmon run of at least 1000 spawners (DFO Whitehorse: FISS Files). However stock data for 

Chinook salmon in the Takhini River has been limited to intermittent aerial surveys (since 1980’s), radio 

tagging (2002 to 2004), broodstock observations (2000s) and periodic fish presence-absence 

assessments for regulatory work (mainly 1970s during pipeline assessments).  

Chinook are primarily known to spawn in the mainstem of the Takhini River between the outlet of 

Kusawa Lake and the confluence of Mendenhall River.  An unknown amount of spawning also occurs in 

the Ibex River and in locations in the mainstem Takhini River below the confluence of the Mendenhall 

River. The Takhini River flows clear from Kusawa Lake to the Mendenhall River, then becomes 

increasingly turbid from tributary inputs and cutbank erosion (Hunka & Schuler 1998). The Takhini River 

flows through the Traditional Territory of the Kwanlin Dün First Nations, Ta’an Kwach’an Council, and 

Champagne and Aishihik First Nations.  Local and Traditional Knowledge confirms that this area provided 

for modest subsistence and recreational angling opportunities (DFO Whitehorse: Unpublished; EDI 

2005). 

http://www.kwanlindun.com/
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Figure 1.  Takhini River Watershed 

METHODS 
SONAR SITE SELECTION 

Prior to the operational season, reconnaissance for an appropriate sonar site was conducted in the 

lower 70 km of the Takhini River downstream of all known spawning locations. Approximately 20 

locations were evaluated for channel morphology: bathymetry, substrate, width (Appendix 1). Cross-

sectional profiles (depth transects) were conducted at approximately half of these locations using a 

depth sounder and geo-referencing.  

A suitable site with a smooth wedge-shaped bottom profile (Figure 2a), with single channel laminar flow 

was identified in the lower reaches of the Takhini River, approximately 5 km upstream of the confluence 

with the Yukon River (Figures 2b & 3). This site was chosen because it had the most suitable bottom 

profile, is easily accessible, and is adjacent to crown land where tenure for a camp is feasible.  Channel 

width was approximately 80m at the time of assessment. Given the lower Takhini River is primarily 

composed of glaciolacustrine deposits as the river runs through the bed of the glacial Lake Champagne 

(Hunka and Schueler 1988), substrate at the sonar site was primarily composed of soft fine sediment 

with some gravel.  While a more coarse and stable substrate is preferable, fine sediment was 

characteristic throughout the lower reaches of the Takhini River.   
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Figure 2.  (a) Depth profile of the Takhini River sonar site, and (b) aerial photo of sonar and camp location with schematic 

of sonar aim and weir location (not to scale).  
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Figure 3. Location of Takhini camp, sonar, and test netting locations. 

 

SONAR DEPLOYMENT AND OPERATIONS 

Two fixed location sonars (ARIS Explorer 1800, Sound Metrics) were used to estimate Chinook salmon 

passage in the Takhini River.  One located on the left bank (LB) and one on the right bank (RB) at 60 o 

50’32.2”N, 135 o 13’37.3”W and 6. o 50’32.4”N, 135 o 13’42.6”W respectively. 

Field crew deployed an ARIS 1800 on the left bank (LB) on Aug 10th approximately 10m from shore.  An 

80 concentrator lens was installed to reduce the height of the sonar beams and minimize interference 

from the surface of the water. A deflection weir extending approximately 6m past the sonar was 

constructed downstream of the sonar using T-posts and Vexar snow fencing.  The deflection weir was 

angled to help direct fish in front of the sonar beam, which was aimed roughly perpendicular to the 

current (Figure 2b, Appendix 2a). 

 

A second ARIS 1800 was deployed on right bank (RB) on Aug 13th, upstream of LB sonar to avoid 

interference between sonar units.  With the deepest part of the river (approximately 3m deep) located 

only 7-8 meters offshore, RB possessed a notably steeper slope.  In order to install a deflection weir in 

deep and fast water, a 7m long boom weir was installed.  The boom weir consisted of a sloped fence 

suspended from a floating log and anchored to the bottom with 8 sandbags attached to the upstream 

side of the fence.  The sloped fence was constructed by stitching strips of Vexar fencing together, and 

varied in depth from 1.5 m in the shallow end to 4 m in the deep end to match the slope gradient while 
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allowing excess fence to form a bag in the current (Appendix 3a).  To install the boom weir, the assembly 

was placed in the water and the inshore end was anchored to shore.  The offshore end was then swung 

downstream into the current and dragged into position.  After about 24 hours no movement in the 

position of the bottom of the weir was evident.  The sonar was installed about 1 meter from shore, and 

~5 meters upstream of the weir where sonar equipment would be safe from any weir malfunctions 

(Appendix 3b). 

In order to ensonify the thalweg (deepest point of the river) the sonar unit was aimed downstream 

towards the weir at a downstream angle approximately 45 o from shore (Figure 2b, Appendix 3b).  When 

the sonar was aimed perpendicular to the current there was insufficient ensonification as no bottom 

profile was visible up to 6m from the transducer.  The exaggerated angle did reduce the range 

ensonified from shore. Bottom profile was visible up to 25m from the transducer, and we estimate that 

actual range ensonified perpendicular to shore was ~18m (Appendix 3c).  No concentrator lens was used 

in the RB setup in order to maximize vertical coverage of the sonar beam. 

Both sonars were mounted to an H style aluminum stand that enabled manual aiming and adjustment of 

height and pitch. A wireless Ethernet Bridge relayed data from the left bank ARIS sonar unit to a laptop 

in camp, and right bank sonar was recorded on site.  ARIScope software was used to record and process 

sonar data.  Both sonars were operated at 1.1 MHz (low frequency) with a range of 2 to 35 m.  Ranges 

were increased midseason to record from 2 to 40m. 

 

SONAR TARGET TESTING 

Target testing was conducted to confirm ensonification of the river bottom. Target testing was 

conducted by dragging a length of 4.5cm diameter pipe along the bottom through the ensonified area. 

After difficulties in discerning the target from rope, a 4L jug full of water was added to the target system.  

Testing took place at ~5m intervals and in areas where no bottom profile was visible. Visibility at the 

surface was assessed by noting the presence/absence of the boat hull on sonar recordings.  Target 

testing was assessed real time, and reviewed post season.  

SONAR PROCESSING 

Sonar data were recorded automatically in 30 minute files.  Each sonar data file was processed in 

Echotastic to identify upstream targets.  Upstream passage was confirmed by watching file videos.  

Targets displaying freshwater behaviour (milling) and targets less than 600 mm were assumed to be 

other species and not counted as salmon.  Count data was saved as text files and daily passage 

estimates were generated by totalling counts for individual days. Downstream targets were subtracted 

from upstream targets to obtain net passage for each hour of operation.  By marking upstream and 

downstream targets, we can utilize the Flux Model (Cronkite et al. 2006) which assumes that freshwater 

species are equally likely to be travelling upstream or downstream. Subtracting downstream targets 

from upstream targets, freshwater fish misclassified as salmon would be eliminated from the net 

upstream count and would not result in an overestimate of Chinook passage.  In addition to net 

upstream passage estimates (Flux Model-Cronkite et al. 2006), estimates apportioned for larger 

freshwater species were generated (See Test Netting and Species Apportionment). 
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MISSING SONAR DATA 

Daily passage estimates were adjusted for missing sample periods.  Missed sampling periods were a 

result of routine maintenance, relocation due to changing water level, as well as operational 

interruptions due to low oil/gas in generators, software programming issues, and system 

troubleshooting.  A pre-season run expansion was also required as sonar operation began two weeks 

after Chinook enumeration began at the Whitehorse Rapids Fishway (located about 20km upstream of 

the Takhini-Yukon River confluence).  

 

When sonar files were shorter than 30 minutes, passage was estimated by expanding the number of fish 

counted if more than ten minutes of data were present.  The expanded number of targets for each 30-

minute file (P) was calculated using equation 1 where hc is the number of minutes in a sample that was 

counted and x is the number of fish counted. 
Equation 1 

𝑃 = (
30

ℎ𝑐
)x 

 

For missing files (entire 30-minute periods), counts (Pi) were estimated for n number of missing files by 

averaging the count of n files immediately preceding and following the data gap(s) as follows. 

Equation 2 

𝑃𝑖 =
𝑥𝑖−1 + ⋯ +  𝑥𝑖−𝑛 + 𝑥𝑖+1 + ⋯ + 𝑥𝑖+𝑛

2 ∗ 𝑛
 

Where i is the ith absent sample(s), n is the number of absent sample(s),  xi-1 is the count prior to the 

absent sample(s), xi-n is the nth count prior to absent sample(s), xi+1 is the count after the absent sample, 

xi+n is the nth count after the absent sample(s). 

 

If samples on either side of the interruption were insufficient, the count (Pi) was estimated by 

interpolating the hourly passage estimate for that day, so long as six hours of data was available. This 

was calculated as: 
Equation 3 

𝑃𝑖 =
∑ 𝑦𝑑

𝑛𝑠
 

Where i is the missing samples, yd is the counts from the same day and ns is the number of samples with 

counts. 

 

For Chinook passage prior to sonar deployment, a second order polynomial equation was used to 

estimate run expansion.  This expression was adapted from Crane et al. (2011): 
Equation 4 

𝑌𝑖 = (
𝐹

𝑑2
) (𝑥𝑖 − 1)2 

 
Where Yi is the ith daily passage estimate, F is the passage estimate count on the first day, d is the total 
number of days expanding for and xi is the day number being estimated.  We assumed the first date of 
passage was July 25th, based on first passage at the Whitehorse Rapids Fish Ladder in 2017.  
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We calculated sampling error using a variance estimator based on the squared differences of successive 

observations (Wolter 1985). Sonar data has a high degree of auto-correlation so treating counts as 

simple random samples would yield an overestimate of variance. The variance around each daily count 

is calculated as: 
Equation 5 

𝑉𝑎𝑟(Ŷ) = 𝑁2 (
1 − f

n
) ∑

(𝑦𝑖 − 𝑦𝑖−1)2

2(𝑁 − 1)

𝑁

𝑖=2

 

Where N is the total number of one-hour sample periods, n is the total sample time in hours, f is the 

sample fraction (n/N), yi is the estimated number of fish passing the sampling site during hour i. 

To calculate precision of field staff, 5% of sonar files were recounted by a second technician.   The 

repeatability of a count for the same sonar file between different individuals (known as average percent 

error- Chilton and Beamish, 1982) was calculated as:  

Equation 6 

𝐴𝑃𝐸 =
1

N
∑ [

1

R
∑

|𝑋𝑖𝑗−𝑋𝑗|

𝑋𝑗

𝑅
𝑖=1 ]𝑁

𝑗=1 x 100 

Where N is the number of events counted by R observers, Xij is the ith count of the jth event, and  
Xj is the average count of the jth event. 
 

The total variance of our upstream escapement estimate is the sum of sample error variance and APE 

and expressed as the standard deviation for the total count (SDTotalCount) calculated as: 
Equation 7 

𝑆𝐷𝑇𝑜𝑡𝑎𝑙𝐶𝑜𝑢𝑛𝑡 = √�̂�𝑎𝑟 (�̂�) + 𝐴𝑃𝐸 

Where �̂�𝑎𝑟 (�̂�) is calculated in Error! Reference source not found. and APE is calculated in Error! 

Reference source not found.. The SDTotalCount was multiplied by ±1.96 to establish 95% confidence 

intervals around our upstream passage estimate.  

 

TEST NETTING AND SPECIES APPORTIONMENT 

Test netting was conducted to identify the proportion of sonar targets that are not salmon.  Both drift 

netting and set netting occurred during the season.  All drifts occurred downstream of camp along a 1.2 

km stretch of river.  After achieving low capture success drifting was replaced by increased set net 

effort.  Set nets were set within a kilometer of the sonars, on eddy lines or inside back eddies.  Mesh size 

fished was rotated daily between three set sites.  A summary of net dimensions used is available in 

Table 1.   

Upstream passage estimates were adjusted to account for the proportion of freshwater fish >600mm 

captured on a weekly basis. This weight of evidence approach is often preferred over the alternatives: 1) 

not adjusting the counts for possible freshwater fish (providing an overestimate of salmon passage), and 

2) adjusting the counts solely based on the proportion of other species caught in gillnets relative to 

Chinook salmon without considering size.   

All captured salmon were sampled for ASL (age, sex, and length).  Length was measured as both mid-eye 

to fork (METF) and fork length (FL).  Sex was determined by visual examination of features including the 
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kype, roundness of the belly, size and presence of an ovipositor.  Scales were collected to assess age. 

Genetic samples were collected from all Chinook using the Whatman Sheet Sampling. Freshwater fish 

were identified to species, measured for fork length and released.  

For both sets and drifts, fishing time (t) in hours was calculated by: 

𝑡 = 𝑆𝐼 − 𝐹𝑂 +
𝐹𝑂 − 𝑆𝑂

2
+

𝐹𝐼 − 𝑆𝐼

2
 

Where SO is net start out time, FO is net fully out time, SI is net start in time, and FI is net fully in time 

(Lozori & McDougall 2017).  All times were recorded to the nearest second. 

Table 1. Net dimensions and mesh sizes utilized during Takhini River test netting in 2017.  All nets were hung in a 3:1 

(tangle) ratio. 

Mesh Size 
(In) 

Hang 
Depth (Ft) 

Length 
(Ft) 

Use 

4.5 6 100 Set 

5.25 10 50 Set/Drift 

6 6 50 Set/Drift 

7.5 10 50 Set/Drift 

8.5 10 50 Set/Drift 

 

RESULTS AND DISCUSSION 
BOTTOM PROFILE AND ENSONIFICATION 

Bottom profile was visible from the left bank transducer to a maximum ~36m.  A small trench visible 

from ~5 to 8m was tested pre-deployment and during target testing (Appendix 2b).  Target visibility on 

left bank was excellent after a 4L jug was added to the target system.  The smaller pipe target was 

difficult to discern from its rope when dragged in parallel, and was obscured by clouds of silt when 

dragged on the perpendicular.  Both bottom targets and boat hull were clearly visible to 32m indicating 

good ensonification of the entire river (Appendix 4).  No testing was conducted offshore of 32m. 

Downstream movement of sediment was observed on left bank sonar files.  Sediment in the middle of 

the river, >25m from the left bank transducer was found to shift downstream continuously.  As bottom 

profile was always visible between ~25 and 35m, no effect on the ensonified range is expected.  Few fish 

targets were detected farther than 20m from the sonar transducer (Appendix 6). Significant movement 

of sediment at the sonar site indicates that seasonal assessment of bottom profile is required.  

Target testing identified some deficiencies in right bank profile.  Target detection rates may have been 

as low as 60%, though this estimate includes cases where the target drifted under the boat or may not 

have been dragged through the entire ensonified area.  Target testing showed targets were visible on 

the bottom and surface to a maximum of 25m from the transducer (Appendix 5).  With the right bank 

sonar angled downstream by ~45°, we estimate actual range ensonified perpendicular to shore was 

~18m.  Distinguishing between Chinook and non-Chinook targets was difficult on the right bank sonar 

because fish swimming upstream around the boom weir had a tendency to swim towards the sonar 

making it difficult to measure length.   
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We estimated that ensonified areas together with deflection weirs comprised between 78-90% of the 

wetted width of the river.  This distance may be improved in 2018 by using long-range sonar (ARIS 

1200).  Long-range sonar installed on the left bank may enable a complete ensonification of the river 

from left bank, or could be used in combination with short range sonar (ARIS 1800) on the right bank to 

ensonify the thalweg.  The majority of targets (74 %) were detected on left bank. 

TEST NETTING 

Drift netting took place between August 19 and August 22.  All drifts took place within a 1.2km stretch of 

river. Over seven hours of drifting effort resulted in the capture of a single Chinook salmon and Lake 

trout.   Between low capture success and difficulties drifting effectively in a fast, narrow, and winding 

stretch of river, this method was not found to be effective and was replaced by additional set net effort 

on August 23 (Appendix 7).  Steep banks and fast flow meant a shortage of locations suitable for set 

netting within the study area.  Set netting was attempted at 5 locations; however, only three were 

effective.  One eddy was too strong to fish safely within, and a set net below an oxbow slew was 

relocated downstream to maximize capture success.    

During test netting 2 female and 13 male Chinook were captured.  An additional female found dead 

(unspawned) upstream of camp was sampled for ASL.  Females were on average larger than males (Mid-

eye fork length of 812mm (SD=81mm) and 726mm (SD=94mm) respectively).  Analysis of scale samples 

found the majority of Chinook to originate from the 2012 brood year (Table 2). Genetic data is expected 

by the end of March 2018.    

Table 2.  Gilbert-Rich Ages of captured Chinook salmon (format X
y
) where X is the year of life at capture and Y is the year 

of life went the sea.  M indicates the number of marine annuli on regenerate scales (partial age). 

Gilbert-
Rich Age 

Brood 
Year Male Female 

42 2013 1 - 

52 2012 5 2* 

62 2011 3 - 

3M - 3 - 

4M - - 1 
 *Includes the unspawned female mortality found on beach upstream of camp  

Northern pike and lake trout were the most abundant non-Chinook species captured. Whitefish species, 

longnose suckers, and a rainbow trout were also captured (Figure 4). 
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Figure 4.  Number of Chinook (CH), longnose sucker (LNS), lake trout (LT), northern pike (NP), rainbow trout (RT), and 

whitefish spp. (WF) captured in gillnets. 

 

PASSAGE ESTIMATES AND SPECIES APPORTIONMENT 

Chinook passage in the Takhini River was estimated at 1,999 ±29 after adjustments for missing samples 

and salmon passage prior to sonar deployment were made.   As sonar operation began after the run 

started, and two days after the peak passage at the Whitehorse Rapids Fishway (August 08), a large 

portion (29.6% or 591 Chinook) of the run was estimated through pre-season expansion.  Issues with the 

right bank generator resulted in consistent gaps in right bank data for periods up to fifteen hours in 

length.  Despite these limitations data was sufficient for producing daily counts that closely reflect the 

distribution of daily passage observed at the Whitehorse Rapids Fishway (Figure 5).  
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Figure 5.  Takhini sonar passage estimates showing expansion prior to sonar deployment and Whitehorse Rapids Fishway 

Counts. 

Test netting data was used to apportion sonar counts based on the percentage of non-Chinook over 

600mm captured weekly (Table 3).  Six pike and one lake trout (or 19% of non-Chinook captures) were 

larger than 600mm, the size threshold for Chinook targets on sonar imagery (Appendix 8).  The majority 

of northern pike (73%) were captured downstream of LB sonar below a shallow oxbow shaped slew 

considered to be good pike habitat, and the remaining were captured upstream of camp.  

Apportionment adjusted the total spawning escapement estimate from 1,999 to 1,872 (Figure 6).  Given 

the small sample size from test netting and a high proportion of large pike captured below a large slew, 

apportionment by species over 600mm should provide a conservative estimate of Chinook upstream 

passage.  However, this estimate may be less conservative than in future years as test-fishing was not in 

place leading up to the peak of the run.   As most of the northern pike were captured inside the 4.5” 

mesh set net, a mesh size not regularly fished at other Yukon River Chinook sonar programs (i.e. Eagle 

sonar station), this net should be fished seasonally to maintain consistency in apportionment in future 

years of study.  
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Figure 6.  Takhini sonar passage plotted with passage estimate apportioned for the percentage of non-Chinook Species 

over 600mm captured weekly. 

 

Table 3.  Percent captures of Chinook and non-Chinook species over 600mm by statistical week.   

Stat 

Week CH 

Non-CH 

<600 mm 

Non-CH 

>600 mm 

Total 

Captures 

33 50% 50% 0% 4 

34 14% 62% 24% 21 

35 43% 48% 9% 23 

36 0% 100% 0% 3 

 

QUALITY ASSURANCE AND CONTROL 

204 sonar files were recounted by one or more reviewers to assure quality.  Average percent error, a 

measure of repeatability between counts and recounts was 15.1% (Appendix 9).  Small differences 

among observers (e.g. 1 fish) have a high leverage effect on measures of precision when counts are low 

(Holmes et al. 2006).  For instance, if a reviewer misses one of two fish, the average percent error is 

33.3%.   As the average fish count per sonar file was less than1 fish in the recounted subsample, our 

error rates are not directly comparable to systems with higher passage rates.  The differences between 

original counts and recounts did not exceed 2 fish. Out of the 108 sonar files recounted on the left bank, 

21 of the files were counted differently the second time and only 6 of these 21 files differed by 2 fish.  

On right bank 20 out of 96 files were counted differently the second time, and only 3 of these 20 files 

differed by 2 fish. Field staff precision was deemed acceptable as differences between technicians are 

expected.  
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SUMMARY 
The first year of assessment was successful in identifying a viable sonar site below known spawning 

locations.  The number of adult Chinook salmon returning to the Takhini River Watershed was 

successfully estimated, and the magnitude and timing of migration reflected Chinook salmon passage 

observed at the Whitehorse Rapids Fishway.  Large freshwater species (northern pike and lake trout) 

captured during test netting identified the need to apply species apportionment to sonar count data to 

generate a conservative estimate of Chinook upstream passage. 

2018 RECOMMENDATIONS 
 Earlier season start date to catch run onset and improve apportioned passage estimates. 

 Assess the feasibility of using long-range ARIS 1200 sonar to ensonify the entire width of the 

Takhini River at the sonar site, alone or in conjunction with a short range RB sonar setup. 

 Utilize a spreader lens (28 degrees) on right bank sonar in order to improve target visibility. 

 Continue to engage First Nations in all aspects of the Takhini Restoration project. 

 Annual assessment of sonar site bathymetry to verify no significant changes to bottom profile 

over time. 

 Standardize net dimensions to make CPUE comparisons between sites and mesh sizes.  

 Operate set nets and not drift nets in 2018. 

 Undergo YESAB permitting process in order to set up a longer-running camp in 2018. 
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Appendix 1.  Locations within the lower 70 km of the Takhini River below known spawning locations where channel 

morphology was evaluated for sonar feasibility.   
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Appendix 2.  (a) Left bank sonar setup and (b) example of sonar aim showing the end of the weir at 6m and bottom profile 

out to ~36m.  While no bottom profile is seen from 4-8m, targets dragged across the bottom and surface in this area were 

clearly visible on the sonar.  

(a) 

 

(b) 
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Appendix 3. (a) Right bank boom weir construction.  The snow fencing was anchored to the bottom with sandbags 

attached on the upstream side of the fencing. (b) Right bank sonar showing boom weir and left bank sonar on opposite 

shore. (c) Right bank sonar aim showing the end of the weir at 9m and bottom profile visible up to ~25m from the 

transducer.   

 (a)

 

(b)

 

 (c) 
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Appendix 4. Target testing conducted on left bank at Takhini River Sonar.  

Date Time 

Range from 
Transducer 

(m) 

Target 
Depth 

(ft) 
Target 

Detected Boat Visible 

Aug-18 10:49 2 3 Y* n/a 

 
10:50 5 3 Y* n/a 

 
10:52 9 n/a Maybe* n/a 

 
10:53 9 n/a Maybe* n/a 

 
10:56 9 n/a Maybe* n/a 

 
10:58 10 n/a Maybe* n/a 

 
11:05 13 4 to 5 Maybe* Yes 

 
11:08 14 n/a Y* Yes 

 
11:10 7 n/a Y* Yes 

 
11:14 17 n/a Maybe* Yes 

 
11:32 12 4.3 Y Yes 

 
11:36 8 5 Y Yes 

 
11:39 32 4.7 Y Yes 

 
11:43 10 3.1 Y Yes 

 
11:45 19 to 21 4.3 Y Yes 

 
11:48 28 4.4 Y Yes 

 
11:52 30 5 Y Yes 

 
11:55 28 n/a N** Yes 

 
11:57 25 to 28 n/a Y Yes 

Aug-22 11:27 6 n/a Y n/a 

 
11:29 9 n/a Y n/a 

 
11:30 10 n/a Y n/a 

 
11:34 16 to 18 n/a Y Yes 

  11:36 14 to 16 n/a Y Yes 

*Target testing using pipe only target without attached jug 

** Target likely obscured by boat jet wash 
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Appendix 5. Target testing conducted on right bank at Takhini River Sonar.  A small pipe target was used on August 12
th
, a 

larger jug target was used on Aug 19
th
.  

Date Time 
Range from 

Transducer (m) 
Target 

Depth (ft) 
Target 

Detected Boat Visible 

Aug-12 11:05 25* n/a No No 

 

11:10 7 to 14 n/a Yes Faint 

 

11:15 15* n/a No Faint 

 

11:18 12 to 20 n/a Yes Faint 

 

11:21 12 to 15 n/a Maybe No 

 

11:24 8 to 15 n/a Yes No 

 

11:26 15 to 17 n/a Maybe** No 

 

11:29 6 to 12 n/a Yes Yes 

 

11:32 4 to 10 n/a Yes Yes 

 

11:35 2 to 3 n/a Yes Yes 

 

n/a 25* n/a No*** No 

Aug-19 11:14 4 to 5 4.5 Yes n/a 

 

11:21 4 n/a Maybe*** n/a 

 

11:25 5 to 6 n/a Yes n/a 

 

11:25 6 n/a Yes*** n/a 

 

11:27 7 n/a Yes*** n/a 

 

11:28 7 n/a Yes n/a 

 

11:31 6 to 14 6 Yes No 

 

11:36 14 to 17 7.5 Faint Yes 

 

11:38 16 to 18 7.5 Faint Yes 

 

11:40 14 to 21 7.5 Faint Yes 

 

11:42 18 to 25 7 Maybe Maybe 

 

11:45 16 to 25 7 Maybe Maybe 

 

11:47 16 to 25 7 Yes Maybe 

 

11:50 20 to 26 7 Faint Yes 

 

11:52 24 7 No Yes 

  11:55 28 7 No Yes 

*Distance estimated visually as target not detected 

**Target under boat 

*** Target possibly not dragged through entire ensonified range. 
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Appendix 6. Range of upstream fish targets detected from the transducer for (a) left and (b) right bank.
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Appendix 7.  CPUE of Chinook and Non-Chinook Captured during test netting.  Note CPUEs of differing mesh size are not 

directly comparable as net dimensions varied (see Table 1).  

Location/Type Mesh Size (") Hours # Chinook 
# Other 
Species 

CH 
CPUE 

Non-CH 
CPUE 

Drift 5.25 1.3 0 1 0.00 0.79 

Drift 6 1.1 0 0 0.00 0.00 

Drift 7.5 3.5 1 0 0.29 0.00 

Drift 8.5 1.5 0 0 0.00 0.00 

Set 1 4.5 26.5 0 11 0.00 0.41 

Set 1 5.25 17.5 1 0 0.06 0.00 

Set 1 6 26.5 2 0 0.08 0.00 

Set 1 7.5 21.2 1 0 0.05 0.00 

Set 1 8.5 21.6 0 1 0.00 0.05 

Set 2 7.5 0.2 0 0 0.00 0.00 

Set 3 7.5 5.6 0 0 0.00 0.00 

Set 4 4.5 12.3 0 7 0.00 0.57 

Set 4 5.25 13.9 2 0 0.14 0.00 

Set 4 6 23.7 1 3 0.04 0.13 

Set 4 7.5 20.7 0 1 0.00 0.05 

Set 4 8.5 2.8 0 0 0.00 0.00 

Set 5 4.5 24.5 5 9 0.20 0.37 

Set 5 5.25 13.1 0 2 0.00 0.15 

Set 5 6 19.8 1 0 0.05 0.00 

Set 5 7.5 14.4 1 0 0.07 0.00 

Set 5 8.5 3.7 0 1 0.00 0.27 

 Overall 275.5 15 36 0.05 0.13 
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Appendix 8.  Fork Length of fish caught during test netting.  Species captured were Chinook (CH), longnose sucker (LNS), 

lake trout (LT), northern pike (NP), rainbow trout (RT), and whitefish spp. (WF).  

  Fork Length (mm) 

Species Average  Min Max 

CH 812 653 979 

LNS 467 442 497 

LT 541 480 614 

NP 631 540 800 

RT 500 500 500 

WF 447 423 490 
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Appendix 9. Variance around the daily count (VAR), average percent error (APE) between file reviewers, standard 

deviation around sonar counts (SD) and 95% confidence intervals around upstream passage (CI). 
  Left Bank Right Bank Total 

VAR 110.0 90.7 200.7 

APE 15.5 14.5 15.1 

SD 11.2 10.3 14.7 

CI ±22.0 ±20.1 ±28.8 
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ABSTRACT 
This project was initiated in 2017 to assess the value of a Chinook salmon stock restoration plan for the 
Takhini River Watershed.  The restoration component (Part 2) aims to quantify and characterize habitats 
used by Takhini River Chinook salmon as summer-rearing juveniles and as migrating and spawning 
adults.  On August 29 an aerial survey counted 415 adult Chinook salmon in the Takhini mainstem and 2 
in the Ibex River.   Between June 2 and September 26, 289 juvenile Chinook salmon were captured.  A 
baseline understanding of current abundance and distribution in the system was established through 
2017 surveys of adult and juvenile habitat and by reviewing historical reports.  Recommendations for the 
2018 season were presented for each section of the Takhini River (upper, middle, lower). 
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INTRODUCTION 
The productivity of Chinook salmon in the upper Yukon River has decreased from a high of 5 recruits per 
spawner in the 1980s to less than 2 recruits per spawner at current levels (JTC, 2018). These reductions 
in productivity have resulted in significant declines in abundance of salmon and have affected those who 
rely on salmon for sustenance, cultural identity, and fishery opportunities.  

The Takhini River watershed was identified as a candidate for stock restoration and in 2017 field 
investigations were initiated to assess the value of a stock restoration plan for this watershed. This 
project aims to establish a baseline understanding of current abundance and distribution of Chinook 
salmon in the Takhini River drainage by: 

 
1. Deriving  spawner abundance estimates for adult Chinook salmon  
2. Assessing the distribution of adult spawners and summer-rearing juvenile Chinook salmon 
3. Quantifying and characterizing habitats used by Chinook salmon in the Takhini River 

 

The conservation (Part 1) component of this report will present 2018 Chinook spawner abundance 
estimates for the Takhini River watershed.  In the restoration component (Part 2) preliminary data on 
existing population levels, distribution and historical data including Local and Traditional Knowledge 
(LTK), will be presented. The long-term goal is to estimate the productive capacity of this system and 
determine whether the Takhini River drainage can host future stock restoration work and build capacity 
for local fisheries.  The Takhini River’s close proximity to Whitehorse makes any potential restoration 
effort more cost effective and fisheries capacity building more accessible than comparable remote sites.  

 

WATERSHED DESCRIPTION 

The Takhini River extends from the mouth of Kusawa Lake (60°36'41.41"N, 136° 7'53.93"W) to the 
confluence of the Yukon and Takhini Rivers (60°50'27.29"N, 135°11'12.28"W), with a watershed area of 
6,990 km2. The two main tributaries to the Takhini are the Mendenhall River and the Ibex River (Figure 
1). Chinook salmon are known to spawn in the mainstem of the Takhini River between the outlet of 
Kusawa Lake and the confluence of Mendenhall River.  Spawning also occurs in the Ibex River and in the 
mainstem Takhini River below the confluence of the Mendenhall River. The Takhini River flows clear from 
Kusawa Lake to the Mendenhall River, then becomes increasingly turbid from tributary inputs and 
cutbank erosion (Hunka & Schuler 1998). The Takhini River flows through the Traditional Territory of the 
Kwanlin Dün First Nations, Ta’an Kwach’an Council, and Champagne and Aishihik First Nations.  Local and 
Traditional Knowledge confirms that this area provided modest subsistence and recreational angling 
opportunities (DFO Whitehorse: Unpublished; EDI 2005). 

http://www.kwanlindun.com/
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Figure 1.  Takhini River Watershed 

METHODS 
AERIAL SURVEY 

The distribution of adult Chinook salmon in the Takhini River was assessed on August 29 during an aerial 
survey. The crew in the front seat counted adult salmon, maintained a running tally on a hand counter, 
and relayed counts at intervals to the crew in the back seat who recorded counts and marked positions 
using a GPS.  The crew in the back seat also took photographs and recorded video footage of the survey. 

The survey flight left Whitehorse at 9:30 am, and flew to Fish Lake. From there the survey followed 
Jackson Creek to the Ibex River, went down the Ibex River, and then followed the Takhini River up to 
Kusawa Lake. The return flight followed the Takhini River back down to the Ibex River, and flew over the 
lower reaches of the 37 Mile River, the Little River, Flat Creek and the sonar camp near the mouth of the 
Takhini River before returning to Whitehorse by 12:30. Photos and videos of the flight were stored on 
the DFO server, and shared with partners.  

JUVENILE CHINOOK SALMON SAMPLING 

The Takhini River watershed was divided into three broad geographic sections in order to sample for 
juvenile chinook. The sections include: (A) upper Takhini River from Kusawa Lake to the Mendenhall 
River, (B) the middle Takhini River from Mendenhall River to the Alaska Highway Bridge, and (C) the 
lower Takhini River.  Sampling design was developed in May with Champagne & Aishihik First Nation 
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(CAFN), Kwanlin Dun First Nation (KDFN) resource managers, and the Ta’an Kwachan Council (TKC) Fish 
and Wildlife Program Coordinator. Two juvenile Chinook salmon capture and sampling events were 
planned for each area, to capture temporal variation in habitat use.   

Juvenile Chinook salmon sampling was conducted between June 2 and September 28. Juvenile Chinook 
salmon were captured primarily by Gee trapping. Electrofishing was also undertaken on August 8. Each 
sampling event was planned for two consecutive days, to enable timely Gee trap retrieval. Schedules for 
sampling were primarily determined by the periods of expected availability of First Nation partners and 
volunteers.  

Fry trapping was conducted with 1/16” and 1/8” Gee traps until mid-August. Traps were baited with 
Yukon River chum salmon roe, suspended mid-trap in a perforated plastic bag. Traps were tied to shore 
so not be pulled into the current. Traps were retrieved the following day when possible. All fish trapped 
were identified to species.  When environmental conditions permitted, juvenile Chinook salmon were 
anaesthetized with MS222 (Tricaine Methanesulfonate) prior to sampling, measured for length (mm) and 
for weight, to the nearest tenth of a gram, on a portable Ohaus balance.  Fry were allowed to recover in 
covered basins until fully and then released into the river near the capture site. Catch in each trap was 
assumed to be catch per trap day and reflective of catch per unit effort, except in two instances when 
trap soak time was substantially more or less than one day. In these cases CPUE (catch per unit effort) 
was adjusted accordingly. CPUE was multiplied by the inverse of the actual proportion of the day set 
(multiplied by 0.5 to adjust catches caught in a two-day set, and multiplied by 2 to adjust CPUE for 
catches caught in a 12 hour set.)  Chinook salmon juvenile weight and length data was linked to capture 
coordinates and environmental data. Fulton condition factor was calculated for fish when both length 
and weight data were available. At each trap site, water temperature, water depth, water velocity, 
turbidity, and stream width were measured (or described).  Substrate, canopy and cover were also 
described.  

Electrofishing was carried out at three sites in Section B, between Mendenhall and the Alaska Highway 
Bridge, on August 8th. A Smith Root Electroshocker was operated at 600-700 V, 25% duty cycle and 60Hz 
at two mainstem sites, and over a 400 m stretch immediately upstream of the mouth in the Ibex River. 

Upper watershed (Section A) juvenile Chinook salmon sampling was conducted with a CAFN resource 
manager on June 2 and 3, with a CAFN student on July 6 and 7, and with volunteers on September 3.  
Sampling in the Section B, the middle reach of the Takhini watershed including the Ibex River, was 
conducted June 21 and 22, July 6 and 7, August 4, Sept 7 and 8, and Sept 24. Local residents and the 
KDFN fisheries advisor participated in sampling.  Sampling in Section C, the watershed downstream of 
the Alaska Highway, was conducted August 17 and 18, and September 7 and 8, with TKC resource 
management staff and September 25 and 26.  

TEMPERATURE MONITORING 

ONSET Tidbit V-2 temperature loggers were deployed during juvenile sampling visits at two tributaries in 
Section A (the upper river), at three locations in the Ibex River, and in Little River, in Section C (Appendix 
2). Additional loggers were also placed in the mainstem of the upper river (Appendix 3). Loggers were 
set to record at hourly intervals. Temperature data was downloaded from four of these loggers in the 
fall. The remainder will be retrieved in spring.  

IBEX RIVER WATER LEVEL MONITORING  

In addition to deploying temperature loggers, DFO worked with KDFN to install a water level monitoring 
station on the Ibex River in September. A stilling well was secured to the bank in a deep pool 1500 
meters upstream of identified spawning habitat. The stilling well was equipped with a Solinst Levelogger 
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Edge 3001, set to collect hourly surface water levels. A Solinst LT Barologger Edge was deployed in the 
vicinity to allow correction for barometric pressure. The logger will be downloaded and redeployed in 
spring 2018. An external staff gauge was affixed to the stilling well. Benchmarks were surveyed to allow 
replacement of the staff gauge to the same position. An initial discharge was calculated using 
measurements taken at 1m intervals across the stream with a Swoffer velocity meter, and wading rod.  

RESULTS AND DISCUSSION 
PARTNERSHIPS 

Resource managers at CAFN, TKC and KDFN were valuable partners on this project (Appendix 6a). A 
CAFN resource manager and student participated in the juvenile assessment work in the upper 
watershed. Conflicts during a very busy field season prevented CAFN from participating in the aerial 
survey. A TKC resource manager provided support and equipment (ATVs) to assist with the Gee trapping 
in the lower watershed. TKC personnel also visited the sonar project. KDFN resource management staff 
was unable to participate in habitat assessment in the Ibex River in 2017. DFO worked with KDFN’s 
fisheries advisor to install a water level monitoring station and to conduct Gee trapping. KDFN resource 
managers are interested in participating in future aerial surveys, and anticipate possible involvement of a 
junior resource officer in future Ibex watershed project activities. These resource management partners 
value ongoing communication regarding project activities, regardless of their availability to participate.  

ADULT CHINOOK SALMON ABUNDANCE 

Historical Records 

The Chinook salmon run in the Takhini River was reported as sustaining a small First Nations fishery at 
the turn of the 19th century (Cox 1997), and an annual harvest of about 20 to 40 fish in the vicinity of the 
Mendenhall River in the 1950’s (DFO internal). Traditional knowledge indicates that Chinook salmon 
were also harvested at a fish camp on the Ibex River (Zurachenko & Finnson 1998), and were known to 
have spawned at the headwaters of the Mendenhall River (DFO internal).   

In recent years, Chinook salmon abundance in the Takhini River has been calculated using aerial surveys 
along the length of the river in 1980 and 1981, and aerial surveys of upper sections of the river between 
1984 and 1989, and in 2001 (see Appendix 1, Figure 2). The peak aerial count of 1,192 was made on a 
survey of the whole river on August 27, 1982 (Fernet 1980). The lowest aerial count of 72 salmon was 
conducted in the last week of August 1989, in the section of river between Kusawa Lake and Mendenhall 
(DFO Internal).  Additionally, boat-based counts of Chinook salmon along limited stretches of the river 
were recorded in some years between 2001 and 2009.  
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Figure 2.  Historic Chinook count data from surveys along sections of the Takhini River mainstem.  In 2017 count data is 
displayed for the entire river as well as comparable sections surveyed in previous years (data from Appendix 1). 

Total Takhini River Chinook salmon escapement has been estimated through genetic stock identification 
using microsatellites of test fishery samples collected at Eagle sonar since 2008. Estimates made prior to 
2008, using fishwheel samples, are not considered to reflect the run. Stock composition proportions 
collected since 2009 were re-evaluated against a more complete genetics baseline in 2012. The point 
estimates for the Takhini River stock proportions sampled at Eagle ranged from 1% (in 2014) to 3.6% (in 
2013). In 2017, the genetic stock composition estimate, developed using single nucleotide 
polymorphisms (SNPs), was 2.0% (DFO Internal). Applying these percentages to the total Canadian 
spawning escapement has been used to estimate the total Takhini River stock size. These estimates have 
ranged from 664 in 2014, to 2,260, in 2016 (Figure 3). However, stock proportion estimates for individual 
stocks comprising the aggregate groups are associated with higher levels of uncertainty  

Six radio telemetry tags from the Yukon River Chinook salmon tagging program  were tracked to the 
Takhini River area in  2003, and five in 2004 (Mercer 2005). These tags were used to estimate Takhini 
River run size in those years. Sonar was used to estimate Takhini escapement in 2017 (Figure 3).  
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Figure 3. Takhini River Chinook salmon escapement estimates derived from genetic stock composition, radio tag 
recoveries, and sonar enumeration. 

Genetic, radio telemetry and sonar estimates indicate a potential increase in escapement, and a slight 
increase in the Takhini River stock contribution to the Canadian run. The longer historic record provided 
by previous spawner surveys suggest that these recent returns are still below historic escapement levels 
in years of high returns. 

2017 Aerial Survey 

A total of 417 live salmon were counted during the 2017 aerial survey, 415 in the Takhini mainstem and 
2 in the Ibex River.  The aerial count represents 22% of the sonar passage of an estimated 1,872 salmon.  
In the aerial count, 59 (14%) of the Chinook salmon were concentrated at the lake outlet, 45 (11%) were 
in the area of the campground, and 95 (23%) were on the stretch of “spawning dunes” downstream of 
the sand dunes and 10 km from Kusawa Lake (Figure 4). Approximately 61% of the salmon (253) were 
counted upstream of the future location of Kusawa Territorial Park boundary.  Another concentration of 
62 fish were counted upstream of Mendenhall River, and an additional 32 were counted adjacent to the 
Mendenhall River confluence.  A total of 43 salmon, in two close clusters were counted downstream of 
the Mendenhall River, off the delta of Stony Creek.  No adult Chinook were observed at Flat Creek and 
the Mendenhall River was not surveyed.… 

Timing of the aerial survey was during peak spawning. All salmon appeared to be dispersed on spawning 
habitat, rather than migrating or holding in pools.  Some salmon were observed exhibiting spawning 
behavior (digging) and many females with white tails were observed. No confirmed carcasses were 
counted; however, few gravel bars were exposed, and surveyors may have overlooked carcasses in pools.  
Viewing conditions in the Takhini River upstream of Stony Creek, where the first mainstem salmon were 
observed, was good.  Although the turbidity from the Mendenhall River may have obscured some fish, 
particularly carcasses, live salmon were clearly visible. Upstream of the Mendenhall River confluence, 
the viewing conditions were also good. 
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Figure 4 Chinook spawners (as percentages) observed on the August 29 aerial survey.  

Habitat observations 

Although the focus of the aerial survey was adult salmon enumeration, the survey also afforded 
observers the opportunity to survey Chinook habitat (Appendix 6c).  Remains of beaver dams and log 
jams were observed along the length of the Ibex River.  Beaver dams identified as partial obstructions in 
1997 (Zurachenko & Finnson 1998) appeared to have been washed out. No complete obstructions of the 
Ibex River channel were observed downstream of the water survey site and CRE-20-17 temperature 
logger (see Appendix 3). The aerial survey also revealed that beaver dams, identified as barriers to 
Chinook juvenile migration in 1998, persisted in the Thirty-seven Mile River, and were abundant in Flat 
Creek.   

Ibex River 

There are few records available for escapement to the Ibex River. It is not distinguished from the rest of 
the Takhini River in genetic stock estimates and was not regularly surveyed. Chuck Hume and Linaya 
Workman of CAFN told Zurachenko & Finnson (1998) that a First Nations fish camp was located on the 
lower Ibex River prior to a forest fire in 1958, and that such a camp indicated a reliable return of salmon.  

During aerial surveys of the Ibex River and Arkell Creek in 1980 surveyors counted 10 salmon on the Ibex 
River (Fernet 1980).  The following year they counted 10 in the Ibex River, and one in Arkell Creek. 
Surveyors sighted two Chinook salmon at the Ibex -Arkell confluence in 1977 (Fernet 1982), and 
Zurachenko & Finnson (1998) saw three in the lower Ibex and one at the Arkell-Ibex confluence in 1997. 
One salmon was located at the Arkell- Ibex confluence on an aerial survey in 2003 (DFO internal), and 
one radio-tagged fish was located in 2004 (Mercer 2005). 
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During the 2017 aerial survey two salmon were spotted on the Ibex River at a location targeted for close 
examination based on ground level sightings two days before.  Cover from overhanging vegetation and 
woody debris was present at the site.  As the 2017 survey did not include Arkell Creek, and because 
viewing conditions are limited, the 2017 aerial survey is not indicative of run size in the Ibex River.  

Flat Creek  

Between 1991 and 2007 a portion of the broodstock reared in the McIntyre Incubation Facility were 
collected from the upper Takhini River. During that period between 6 and 13 female Chinook were taken 
annually for broodstock. Fry produced by the project in the first two years (which included 50,000 in 
1992) were released into Flat Creek. Subsequently, a portion of the fry reared was released back to the 
mainstem Takhini River. A weir set up to monitor adult salmon returns to Flat Creek for a 10 day period 
in August from 1994 to 1997 only counted two male Chinook in 1996.  After the weir was removed 
Zurachenko & Finnson (1998) located 18 adipose-clipped spent carcasses and 6 redds at the base of the 
lowest beaver dam. 

Numbers released to Flat Creek were thereafter reduced (JTC 2017). Foot surveys of the mouth of Flat 
Creek, conducted regularly in August between 1997 and 2006 yielded one male carcass in 2004. 
Surveyors saw other adult salmon off the mouth in 2004 and in 2005, they did not observe spawning in 
the creek. No adult chinook were observed in 2017. 

JUVENILE CHINOOK SALMON SAMPLING  

A total of 289 Chinook salmon were captured between June 2 and Sept 26 for this study (Appendix 4-5). 
Of these fish, 274 were sampled for length, and 204 for weight. Eight of the study-captured fish were 
captured by electroshocking, the remainder were captured through Gee trapping.  Length and weight 
data for an additional 46 Chinook was also provided by White River Environmental Services from salmon 
capture during salvage operations for highway construction. 

Trapping effectiveness 

Chinook were captured between June 21 and September 28. Of the Chinook salmon captured for the 
study, 104 were captured in Section A, the upper river area (94 in the mainstem and 11 in tributaries). 
102 Chinook were captured in Section B, middle river area, (13 in the mainstem and 89 in the Ibex River 
tributary).  29 Chinook were captured in in Section C tributaries (no juvenile were captured in Section C 
mainstem traps).   Catches per trap day ranged from zero to 29 Chinook per trap on the Ibex River 
(Appendix 5). Chinook were captured in temperatures ranging from 4°C to 17.5°C (Figure 5), in traps set 
adjacent to habitat with velocities ranging from no current to over 1.5 m/s. Turbidity was estimated 
rather than measured at most sites, Chinook were not captured in the turbid lower river mainstem, or in 
the extremely turbid (less than 10 cm visibility) Mendenhall River. Traps set in still water at the mouths 
of tributaries did not catch any Chinook, while traps set at the mouth of clear water tributaries sampled 
that entered the mainstem as a riffle did catch Chinook.  

Longitudinal stream habitat surveys were not part of the sampling activities in 2017.  With the exception 
of the Ibex River, no ground level surveys of tributaries were conducted between upstream and 
downstream trap sites to assess connectivity.  CPUE results of zero in sites not adjacent to the mainstem 
were therefore interpreted as indications of possible obstructions downstream.  



  CRE-152-17 Part 2         Page | 14 
 

         
Figure 5.  Juvenile Chinook salmon captures by date and temperature 

Juvenile sampling 

Chinook sampled at the first successful capture event, in the Ibex River on June 22, ranged in size from 
39 mm to 66 mm.  Fish captured at the last sampling event (September 26), also in the Ibex River, ranged 
in length from 73 mm to 90 mm. Fish captured in the Ibex River were longer, on average, than those 
captured in other tributaries at the same period, suggesting favorable rearing habitat. Fish captured in 
the upper mainstem were longer, on average than those captured in nearby tributaries, and longer than 
those captured in the middle mainstem at the same time period.   

Fewer weights were available for comparison, as weather conditions affected the ability to take accurate 
weight measurements. Condition factors were higher, on average, in mid-summer than in early summer 
and fall.  None of the Chinook sampled were of a size to be definitively classed as Age 1+ fish (Milligan et 
al. 2018).  No scales were taken to assess juvenile age.  

Upon request, environmental consultants from White River Environmental Services sampled Chinook 
length and weight during planned fish salvage associated with highway construction and perched culvert 
replacement (60.855669N/ 135.564702W, data curtesy of P. Sparling, see Appendix 6b). Sampling data 
showed mean length of Chinook captured upstream of the culvert to be significantly greater than those 
captured downstream. Trapping 2 days after culvert replacement showed no significant difference in size 
between fish captured upstream and downstream (Figure 6), suggesting that fish were quick to disperse 
upstream.  
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Figure 6.  Juvenile Chinook salmon length before and after perched culvert replacement. Data from White River 
Environmental Services. 

 TEMPERATURE MONITORING 

Temperature loggers from the uppermost tributary (Site TTA-7, see Appendix 2A) were retrieved, 
downloaded and re-deployed in September.  Temperature data was also obtained from a CRE-20-17 
mainstem logger located downstream of Kusawa Lake (downloaded from yukonwatertemperatures.info, 
see Appendix 3).  The data from both loggers in the upper river shows that during the period of adult 
Chinook migration temperatures in the Takhini River frequently exceeded the upper end of the optimal 
range for adult migration, holding, and spawning (Stalberg et al. 2009) of 14°C while the tributary 
remains well below this threshold (Figure 7).  Historic data from broodstock collection reports (CRE-65-
08), and from existing Takhini temperature data (yukonwatertemperatures.info  ) indicates that these 
above-optimal temperatures occur most years. As the second largest cluster of adult Chinook was 
enumerated in the area near the confluence with the uppermost tributary, it is possible that this 
tributary provides a valuable thermal refuge for the adult Chinook.  

Historic data confirms that the distribution of spawning Chinook observed in 2017 is consistent with past 
observations (Appendix 1).  This suggests preferred spawning habitat can be found at the lake outlet.  
The assessment of the cold water tributaries and the influence of temperature on Chinook spawning and 
incubation habitat may help inform estimation of the total suitable Chinook salmon spawning habitat in 
the watershed. 

     



  CRE-152-17 Part 2         Page | 16 
 

 
Figure 7.  Temperature data recovered from the upper Takhini River mainstem, and upper Takhini River tributary in 2017. 

Temperature data was also recovered from three sites in the lower Ibex River system, and from a CRE-20-
17 temperature logger installed adjacent to the Water Survey Canada station in the upper Ibex 
watershed (Appendix 3). The data show that river temperatures in the spawning habitat of the Ibex 
River, in upstream areas of the Ibex River, and in Arkell Creek are considerably colder than those at 
spawning sites in the mainstem Takhini (Figure 8).  
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Figure 8.  Temperature data recovered from the upper Takhini River mainstem, and Ibex River in 2017. 

 
Water temperature has a major influence on juvenile development.  Chinook salmon egg development 
stage can be approximated in terms of Accumulated Thermal Units (ATUs), the cumulative sum of the 
average daily temperature.  Chinook salmon commonly hatch at close to 500 ATUs, and emerge from the 
gravel as fry between 825 and 1029 ATUs (DFO 2011), although this varies with incubation conditions 
and among stocks. Whitehorse Rapids Hatchery reports a range from 420 to 540 ATUs for their Yukon 
Chinook eggs to hatch, and approximately 1000 ATUs for them to reach the emergence stage (Alexco 
Environmental Group 2018).  
 
We predicted ATUs for the Ibex River and Takhini mainstem using 2017 project temperature data and 
average CRE-20-17 temperature logger data.  Predictions were made for two spawning dates: August 1 
and August 20. Predictions suggest that eggs spawning in the upper Ibex (surface water) on August 20, a 
usual time for spawning in the upper Takhini, would be unlikely to hatch and emerge before spring flows 
flushed them from the gravel.  However if spawning occurred at the beginning of August, juveniles could 
hatch before spring in an average year.  In the lower Ibex, Chinook that spawn earlier would have a 
greater likelihood of emerging before the spring freshet than upper river fish. This initial temperature 
data from the Ibex River suggests that the temperature regime is not favorable for the survival of eggs 
from late spawning Chinook. The Ibex River might be best suited to early spawning salmon.  Chinook 
may rely on warmer groundwater for incubation if suitable spawning habitat is limited by its availability. 
Future investigation on both fronts, through late winter monitoring of groundwater, and early spawning 
season stream surveys to enumerate and map the distribution of adults will help to evaluate the limits to 
Chinook production in the Ibex River and Arkell Creek.  
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IBEX RIVER WATER LEVEL MONITORING 

The Ibex River watershed has been altered by hydroelectric development in the headwaters since 1949 
(Brown et al. 1976). Flow that previously entered the watershed from Fish Lake, via Fish Creek and 
Jackson Creek was diverted for hydroelectric power generation. After the construction of the diversion 
and until 2010, unmonitored discharge of excess water was spilled back into the Ibex watershed at 
irregular intervals, via Franklin Lake and then to Jackson Creek. Relicensing of the hydro facility in 2012 
prohibited discharging water into the Ibex watershed, in part due to concerns regarding possible 
dispersal of introduced rainbow trout.  Under the current license, HY12-065, water levels in Franklin Lake 
are maintained within a fixed operating range from June to August (Yukon Water Board-Waterline). This 
has necessitated discharging approximately 0.2 m3/s into Franklin Lake over the course of the summer 
(Williamson, R. personal communication). The change in operating conditions may result in reduced 
volatility in the Ibex River and improved rearing and spawning conditions for Chinook salmon. While the 
operating plan is subject to adaptive management review, the hydro facility is expected to operate under 
the current regime until 2020 (Williamson, R. personal communication).  

While the Water Survey of Canada station provides discharge data for the upper Ibex River, the site is 
upstream of the known spawning habitat, and of the Arkell Creek influence. To collect information on 
the water levels and discharge in the lower reaches of the river a water level station was installed in the 
lower Ibex on September 28. The water station site was selected and installed in consultation with KDFN 
resource managers, approximately 1500 m upstream of the observed Chinook salmon spawning in 2017 
(Appendix 6e). Gauge height at the end of the installation was 0.60 m.  Discharge, calculated from 
velocity and depth measurements taken at 1 m intervals across the channel was estimated to be 4.5 
m3/s. During a site visit in March 2017 water level and discharge will be measured at low flows. 
Discharge will be measured at additional site visits over the 2017 season to develop a rating curve. 

RESTORATION CONSIDERATIONS BY STUDY AREA 
SECTION A: UPPER MAINSTEM AND TRIBUTARIES 

Over 60% of the adult Chinook salmon enumerated in the aerial survey were within the upper 15 km of 
the Takhini River, which is within the 3,082 km2 area designated to become the future Kusawa Territorial 
Park. This area has been withdrawn from mineral oil and gas exploration, and legally protected under the 
Parks and Land Certainty Act since 2016 (Yukon Parks, 2017). A further 20% of the salmon counted were 
in the lower reaches of Section A, between the rapids and Mendenhall landing, in a stretch of the river 
bounded on both sides by KDFN land settlements.  

The upper reach of the watershed is thus afforded a high degree of protection. The 2017 aerial survey 
suggests that the escapement in 2017 was larger than in recent years, but records indicate that the run 
was much greater as recently as the 1980’s. The length of the upper Takhini River, from Kusawa Lake 
down to Mendenhall River, appears to have abundant suitable spawning substrate, and turbidity is 
minimal upstream of the proposed park boundary, suggesting that the Takhini River may have the 
capacity to support greater numbers of spawning Chinook. However, Chinook salmon spawning was 
concentrated in a few key areas. Assessing the capacity of the Takhini to support salmon spawning 
requires characterization of the habitat in these areas, to identify the factors that distinguish them from 
less-preferred spawning areas. The assessment of available similar habitat will form the basis for 
determining the spawning capacity of the system. 

The primary stresses identified in this section of the watershed were associated with the lake access 
road on the west side of the river. At least two culverts between the campground and the lake were 
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perched, and subject to frequent washouts (Yukon Parks, personal communication). High densities of fry 
captured in CRE-66-16 in one of these unnamed tributaries indicate that these streams may provide 
valuable summer rearing habitat (DFO 2016).   

Restoration assessment possibilities:  

• Conduct stream habitat surveys, including electroshocking, of tributaries to determine current 
barriers to and seasonal extent of upstream juvenile migration, and to determine extent of 
rearing habitat in the watershed (particularly for tributaries that flow through culverts along the 
Kusawa Lake Road) 

• March-April: survey identified spawning and incubation habitats during the low flow period to 
assess substrate size, water velocity, water depth, inter-gravel temperature and flow, and the 
influence of adjacent tributaries at preferred and non-preferred sites. 

• August: Boat-based surveys early in the spawning season to characterize the influence of 
tributaries on water temperature in spawning sites, and to map the distribution and observe the 
behavior of adult salmon in relationship to tributary discharge 

Potential Restoration: 

• Re-design and replace culverts subject to frequent washouts, and/or or restricting upstream 
movement of juveniles, if indicated by assessment data 

SECTION B: MIDDLE MAINSTEM AND TRIBUTARIES 

The Takhini River between Mendenhall River and the Alaska Highway Bridge primarily flows through 
KDFN and CAFN settlement land.  A large bison ranch adjacent to Stony Creek, and a gravel supply pit 
near the Ibex River are also present. 

The Ibex valley is a recreational corridor, accessible by non-motorized vehicles, horses, ATV’s and off-
road trucks. There were no obvious negative impacts on the creek in the lower reach from these 
activities in the watershed.  The lower reaches of the Ibex River valley are bordered by KDFN settlement 
land.  The aerial survey revealed that several of the beaver dams noted in Zurachenko & Finnson (1998) 
were no longer present, and none were observed across the river channel downstream of the water 
survey station. While the Ibex water temperature data indicates that absence of beaver dams have 
probably not increased available spawning habitat, it appears that at least twice as much habitat 
identified as highly suitable in Zurachenko & Finnson (1998) is now accessible to Chinook juveniles than 
was in 1987 (Hunka & Shuler 1988).  This change, in addition to the changes discussed regarding water 
management (Ibex River Water Level Monitoring section) indicate that there may be more suitable 
Chinook salmon habitat in the Ibex watershed than in recent history. Coupled with the traditional 
knowledge that there was a fish camp near the mouth of the Ibex River, the Ibex River may be a 
candidate for stock restoration as suggested in Zurachenko & Finnson (1998). However, further 
evaluation of the habitat is needed to assess its potential. 

Potential further restoration assessment:  

• Conduct stream habitat surveys, including electroshocking,  of tributaries to determine current 
barriers to and seasonal extent of upstream juvenile migration, and to determine extent and 
quality of rearing habitat in the watershed (including  Arkell Creek) 

• Monitor discharge in the lower Ibex River to establish a rating curve for the water station 
• Assess identified spawning location at low water period in spring to characterize the water level, 

and the inter-gravel temperature, water quality, and discharge. 
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• Perform fry trapping and seining guided by temperature data, to identify emergence timing, and 
success, at the Ibex River redd observed in 2017 

• Survey the Ibex River starting early in August to determine the Ibex spawning period  
• Survey Stony Creek to assess connectivity to the mainstem at different water levels  
• Perform Boat-based assessment of the mainstem area to identify spawning habitat and salmon 

distribution in this section of the river- possibly with fish finders 

Potential Restoration: 

• Salvage fish at Stony Creek if it is found to be subject to de-watering  
• Stock restoration of the Ibex River, depending on assessment results  

SECTION C: LOWER MAINSTEM AND TRIBUTARIES 

The upper 10 km of the river in this section are bordered by TKC and KDFN settlement land, with limited 
residential development, and grazing land. Downstream the valley is dominated by agricultural 
development, and residential development near the mouth of the river.  

Section C of the Takhini River is subject to the most stressors. There are eleven active water withdrawal 
licenses for the Takhini River mainstem, two licenses for Flat Creek, one in the watershed of site TTC8 
(unnamed creek), two licenses at additional unnamed tributaries, as well as two active licenses for small 
water diversions for hydroelectric power generation (Yukon Water Board-Waterline). In addition to the 
active water withdrawal licensing, the tributaries of the Takhini River along both banks have been altered 
and channeled into culverts for development of the Alaska Highway and Takhini River Road. 

Barriers to migration are a concern in the lower reaches of the Takhini River. Flat Creek was identified as 
rearing habitat by Hunka & Shuler (1988). Zurachenko & Finnson (1998) and the Ta’an Kwach’an Council 
(2011) found that beaver dams had restricted juvenile salmon upstream migration. The 2017 survey 
indicates that beaver dams remain a barrier to migration at this site. The high CPUE of Chinook at the 
highway culvert site (TTC-8) contrasts with the zero to low CPUE in other sites sampled in the lower river 
section and illustrates the habitat value of this small tributary.  

Potential further restoration assessment:  

• Conduct stream habitat surveys, including electroshocking,  of all tributaries in this section to 
determine current barriers to and seasonal extent of upstream juvenile migration, and to 
determine extent and quality of rearing habitat in the watershed,  

• Sample the small tributary (TTC-8)  at intervals through the year to determine the temporal use 
by juveniles 

• Assess stream discharge in these lower section tributaries, and identify the impact of water 
withdrawal on connectivity 

Potential Restoration: 

• Restore access to rearing habitat, dependent on assessment results 
• Engage local landowners in assessment 
• Identify high value tributaries as waterbodies of special concern in fish habitat value databases 

used by environmental assessors 

FURTHER RECOMMENDATIONS 

In addition to identifying potential areas for future research and restoration, recommendations for 
future studies include:  
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• Continue to discuss results with First Nation and local resident partners and seek input on 
priorities 

• Establish reference sites in each section for intensive study based on observations in 2017 and 
conduct monthly visits to these sites  

• Schedule regular sampling of reference sites with technicians trained in habitat assessment 
(using beach seines and electroshocking) and invite project partners to participate  

• Conduct one-time habitat assessments on additional sites  
• Standardize the methodology of sampling environmental variables (eg:  turbidity and slope) 

 

The juvenile Chinook sampling endeavors in 2017 provided an opportunity for DFO and partners to make 
observations of broad and varied sections of the Takhini watershed. While limited conclusions can be 
drawn from the 2017 sampling data alone, the data will contribute to a growing database describing 
juvenile chinook habitat use which may provide insight into temporal habitat use, and limits to 
production of Yukon Chinook.  
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Appendix 1.    
Historic Chinook surveys in the Takhini River Watershed conducted by helicopter (Heli), fixed wing aircraft (Flight), ground 
or by boat.  Survey data references (Ref) obtained from 1) Brown 1976, 2) Fernet 1980, 3) internal DFO reports, and 4) 
JTC 1986.  

Year Date 
Alive 
Count 

Mort 
Count Total Count 

Survey 
Method Area Surveyed Ref 

1958 04-Sep 5 30 35 - Throughout system 1 

1959 02-Sep 53 15 68 - 28 miles downstream of Kusawa 
Lake 

1 

1960 24-Aug - - ~200 -   1 

1960 30-Aug - - ~500-1000 - Kusawa Lake to Mendenhall Creek 1 

1963 28-Aug - - 100-200 -   2 

1966 - - - 50 -   2 

1967 - - - 1 to 50 -   2 

1968 - - - 1 to 50 -   2 

1969 - - - 1 to 50 -   2 

1970 - - - 50 to 100 -   2 

1972 - - - 17 -   2 

1974 14-Aug 15 - 15 - Kusawa Lake outlet to 8.5 miles 
downstream 

1 

1975 29-Aug - - 165 -  1,2 

1976 - - - 6 -  2 

1977 - - - 88 -  2 

1980 20-Aug 163 7 170 Heli Yukon River confluence to Kusawa 
Lake 

2 

1980 20-Aug 9 1 10 Heli Takhini-Ibex confluence to 11km 
upstream Ibex 

2 

1980 21-Aug 163 7 170 Heli Kusawa Lake to Yukon River 
confluence 

3 

1980 30-Aug 138 35 173 Boat Mendenhall to Kusawa Lake 3 

1981 13-Aug 90 0 90 Flight Yukon River confluence to Kusawa 
Lake 

2 

1981 27-Aug 1192 4 1,196 Flight Yukon River confluence to Kusawa 
Lake 

2 

1982 01-Sep 15 14 29 Ground   3 

1983 01-Sep 45 60 105 Ground   3 
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Year Date 
Alive 
Count 

Mort 
Count 

Total 
Count 

Survey 
Method Area Surveyed Ref 

1984 - - - 300 -   3 

1985 - - - 157 -   3 

1986 29-Aug 203 0 203 Heli Kusawa Lake to Mendenhall 4 

1987 26-Aug 200 2 202 Heli Kusawa Lake to Mendenhall 
Creek 

3 

1988 29-Aug 220 5 225 Heli Kusawa Lake to Mendenhal 
River and Stony Creek 

3 

1989 28-Aug 72 0 72 Heli Kusawa Lake to Mendhall River 3 

2001 28-Aug - - 249 Heli   3 

2003 28-Aug - - 195 Boat From  residence near sand 
dunes (10 km from lake) to 
Alaska Hwy Bridge 

3 

2003 28-Aug   122  From residence near sand 
dunes to top of “Rock Garden” 

3 

2003 20-Aug 
31-Aug 
1-Sep 

3     3 

2005 01-Sep 147 5 152 -   3 

2008 30-Aug - - 82 Boat Kusawa Lake outlet to Rock 
Garden 

3 

2009 01-Sep - - 41 Boat Campground to Alaska Hwy 
Bridge 

3 

2017 29-Aug - - 413 Heli Ibex River to Takhini and 
Kusawa Lake 

3 
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Appendix 2.   
Location of juvenile Chinook salmon Gee trapping sites within the three sampling sections (a) upper Takhini River from 
Kusawa Lake to the Mendenhall River, (b) the middle Takhini River from Mendenhall River to the Alaska Highway Bridge, 
and (c) the lower Takhini River.  Temperatures loggers near the Kusawa Lake outlet and on the Ibex River are also shown. 
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Appendix 3.  
 Location of temperature loggers from CRE-20-17 study not displayed in Appendix 2. 
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Appendix 4.   
Catch per unit effort (CPUE) of juvenile Chinook salmon captured along the Takhini River (2017). 

 
 

Site June July Aug Sept Average CPUE Highest Catch per trap
Mainstem A 0 11 9 6 21

MTA-1 0 0 0
MTA-2 0 9 4 12
MTA-3 0 0 0
MTA-5 9 9 10
MTA-6 14 14 21
MTA-7 13 13 20

Mainstem B 11 11 11
MTB-1 11 11 11

Mainstem C 0 0 0
MTC-2 0 0 0
MTC-3 0 0 0
MTC-4 0 0 0

Tributary A 0 1 6 3 14
TTA-4 0 0 0 0
TTA-5 2 2 2
TTA-6 0 0 0
TTA-7 6 6 14

Tributary B 0 0 0 0
TTB-1 0 0 0 0
TTB-2 0 0 0

Tributary B-IBEX 2 8 1 3 29
TTBI-2 0 0 0 1
TTBI-3 0 0 0
TTBI-4 7 3 4 9
TTBI-5 6 6 6
TTBI-6 1 1 1
TTBI-7 29 29 29
TTBI-8 10 10 10
TTBI-9 1 1 3

Tributary C 2 2 2 22
TTC-10 0 0 0
TTC-11 3 3 3
TTC-12 0 0 0
TTC-13 0 0 0
TTC-16 0 0 0
TTC-17 0 0 0
TTC-18 0 0 0
TTC-19 0 0 0
TTC-2 0 0 0
TTC-23 0 0 0
TTC-24 0 0 0
TTC-3 0 0 0
TTC-4 0 0 0
TTC-5 0 0 0
TTC-6 0 0 0
TTC-7 0 0 0
TTC-8 14 15 14 22
TTC-9 13 5 9 20

Average CPUE for Site by month 2017 Season 
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Appendix 5.  
Mean length weight and condition of captured Chinook salmon juveniles (2017).  

Site Date 
Mean Fork 

Length (mm) 

Mean  

Weight (g) 

Mean 
Condition 

Factor Temperature n 

MTA-2 3-Sep-17 77.0 4.7 1.0 12.0 13 

MTA-5 6-Jul-17 53.5 1.4 0.9 12.0 26 

MTA-6 6-Jul-17 50.8 1.2 1.0 11.9 28 

MTA-7 6-Jul-17 54.6 1.7 1.0 12.5 26 

TTA-5 6-Jul-17 43.0 0.8 1.0 9.1 11 

TTA-7 3-Sep-17 69.6 3.7 1.1 5.0 2 

MTB-1 6-Jul-17 52.0 1.5 0.9 13.0 9 

TTBI-2 26-Sep-17 80.0 4.8 0.9 4.5 1 

TTBI-4 21-Jun-17 53.3 1.5 0.9 11.5 15 

TTBI-4 26-Sep-17 81.3 5.0 0.9 4.5 16 

TTBI-6 26-Aug-17 73.5 4.1 1.0 8.5 2 

TTBI-7 26-Aug-17 74.8 4.3 1.0 8.5 29 

TTBI-8 26-Aug-17 77.3 6.5 1.1 8.5 10 

TTBI-9 26-Sep-17 80.4 5.1 1.0 4.4 10 

TTC-11 7-Sep-17 76.8 4.7 1.0 8.3 8 

TTC-8 17-Aug-17 70.7 3.7 1.0 7.5 20 

TTC-8 19-Aug-17 67.0 3.1 1.0 7.0 14 

TTC-8 24-Sep-17 75.4 n/a n/a 5.0 27 

TTC-9 17-Aug-17 60.5 2.2 1.0 7.5 26 

TTC-9 19-Aug-17 69.4 3.5 1.0 7.0 25 

TTC-9 24-Sep-17 n/a n/a n/a 5.0 9 
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Appendix 6.   
Project Images 

(a) Project partners: CAFN student (left), KDFN fisheries advisor Nick de Graff (right), and Deb Fulmer 
from TKC (below) performing field work.  
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b) Breeched culvert prior to replacement (top), and after replacement (bottom) 
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c) Aerial view of spawning habitat in the Takhini mainstem (left) and Ibex River (right)    

 

d) Juvenile Chinook salmon captured in the first sampling period.   
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e) Ibex River water level monitoring station 

 


