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Introduction 

Watershed Description and Study Area 
Kluane River is located in the White River Drainage (Figure 1, inset), in the southwestern 
Yukon. The Kluane River flows from the outlet of Kluane Lake northwards, until it joins the 
White River, which continues northward joining the Yukon River upstream of Dawson City, 
Yukon.  

The headwaters of the White River are fed by the ice fields of the Saint Elias Mountains (Figure 
2). The Kaskawulsh glacier straddles the divide between the Alsek and Yukon basins in south 
western Yukon (Figure 2, inset). For the last 300 - 400 years, Kaskawulsh glacier meltwater has 
flowed into the Yukon River basin via the Slims River (A’ay Chü), Kluane Lake (Brahney et al. 
2010, Clague et al. 2006) and the Kluane River, (Figure 2, inset). The Alsek basin drains to the 
Gulf of Alaska via the Kaskawulsh and Alsek Rivers.  

 

Figure 1: Area Map. Inset: Location of the White River drainage (dark grey) within the Yukon River drainage. Map: Key 
locations and watercourses within the study area.  
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Figure 2: Area Map modified from Sugar et al. 2017. Satellite image showing the Slims, Kaskawulsh, and upper Alsek 
rivers and Kluane Lake. Inset shows Yukon (pink) and Alsek (blue) drainages.  

In the spring of 2016, a major shift in the Kaskawulsh glacier diverted meltwater, which 
primarily flowed into the Slims River and the Yukon River drainage, to the Kaskawulsh River in 
the Alsek drainage. The cause of this change was determined to be due to the retreat of the 
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Kaskawulsh glacier (Shugar et al. 2017). As a result of the diverted meltwater, flow to the Slims 
River has decreased substantially since 2016.  

Prior to this, the Slims River was the main source of water to Kluane Lake. Isotope research has 
confirmed that a positive water balance in this system is dependent on input from the Slims River 
(Brahney et al. 2010). Following the change, the water level of Kluane Lake dropped 
approximately 1.7 m lower than its long-term mean level (Shugar et al. 2017). The lake level in 
the summer of 2017 has remained similar to 2016 and this loss of water input from the Slims 
River is considered to be permanent (Shugar et al. 2017). 

The reduction in the water balance has potentially significant consequences to the spawning 
habitat of a major population of Yukon River chum salmon that spawn and rear in the White 
River drainage. The Yukon River has two main runs of chum salmon; summer chum and fall 
chum. Summer chum enter the river mouth from early June to mid-July, and do not reach far into 
the Canadian portion of the Yukon River watershed. Fall chum enter the river in mid-July to 
early September and spawn throughout the entire Yukon River watershed.  An average of 29% of 
all Yukon River fall chum salmon return to the Canadian portion of the Yukon River drainage 
(Appendix A15, JTC 2017). Nearly half of that Canadian population (45%) return to the White 
River drainage (Appendix B19, JTC 2017) of which Kluane River and Kluane Lake are major 
spawning areas (Milligan et al 1986). In 2016, 8% of all Yukon River fall chum salmon (U.S. 
and Canadian-origin combined) returned to the Kluane River to spawn (JTC, 2017). 

Chum salmon spawn throughout Kluane River’s active stream channels. High densities of 
spawning adults have been continually observed at several sites associated with groundwater 
inputs (Milligan et al. 1986, DFO Stream Files).  

Traditional and local knowledge references populations of lake spawning chum salmon in 
Kluane Lake and open water areas along its shores which provides further evidence of lake 
spawning during the winter (McKenzie and Wilson, 2005, Wilson, 2006). Areas of groundwater 
upwelling are likely an important determinant of spawning locations (Salo, 1991) in both lake 
and river environments. 

Given the significant reduction in freshwater inputs as a result of this glacial shift, it is important 
to understand how this may affect one of the largest populations of fall chum salmon in the 
Canadian portion of the Yukon River drainage. Information on use of spawning and rearing 
habitats, habitat requirements and suitability is required to anticipate future implications. 
Determining key elements to understanding the impacts of the hydrological changes in the 
Kluane/White River system will assist in making informed predictions on the possible impacts to 
this important stock and guide future management decisions. 
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Project Scope  

Goal  
The goal of this report is to document and assess the effect of a major, natural hydrological 
change on the Yukon River fall chum salmon spawning grounds in Canada’s Kluane River / 
White River system. This information may facilitate an understanding of changes to productivity 
from this spawning area and have implications on overall future production and ultimately chum 
salmon management in the upper Yukon River.  

Objectives and Specific Activities  
1) Spawning: Distribution and Abundance 

a. Historic: describe the historic baseline distribution and abundance of chum 
salmon spawning in Kluane River and Kluane Lake  

i. Historical 
ii. DFO Stream Files 

iii. R&E Reports 
iv. Aerial Surveys 
v. Genetics  

b. Current: describe the historic baseline distribution and abundance of chum salmon 
spawning in Kluane River and Kluane Lake 

i. Aerial Survey: Counts and Distribution   
ii. ASL and Genetics  

 
2) Spawning: Habitat and Survival  

a. Assess the suitability of habitat for chum spawning and egg survival over the 
winter of 2017-18 

i. Site Selection  
ii. Habitat Assessment Parameters  

 
3) Hydrological Monitoring 

a. Identify gaps in current hydrological data monitoring that are pertinent to 
understanding the impacts of the change 

i. Existing Hydrological Information 
ii. Partner Data Collection 

4) Impacts  
a. Project the likely impact of this hydrological change on Kluane chum salmon 

i. Discussions 
ii. Ongoing monitoring 

iii. Ongoing Suggestions  

Deliverable 
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To produce a report that will fulfill the project objectives and provide fisheries managers, 
communities, and the Yukon River Panel with information on the impact of this major 
hydrological change on Kluane chum salmon. 

1) Spawning: Distribution and Abundance 

a) Historical 
The primary sources of information about historical spawning distribution and abundance date 
back over 60 years. Early studies occurred during right of way surveys, as well as a distribution 
and tagging programs in the early 1970s (Sweitzer, 1973). This was followed with a radio 
telemetry study (Milligan et al. 1986). Aerial counts were often part of these surveys. The DFO 
Stream Files also contain written descriptions of spawning sites, and since the initiation of the 
Yukon River Panel’s Restoration and Enhancement fund, there have been several valuable 
reports (Restoration and Enhancement – R&E)  produced on multiple topics related to fall chum 
in the Kluane area. These sources are briefly summarized below, and comparisons of this 
historical information to conditions observed over 2017/18 year will be contained in the final 
report.  

Pipeline surveys in the area were completed by Beak Consultants (1977 and 1978), investigating 
fisheries values along the potential right of way. These also provided early information to 
guiding aerial surveys (Appendix 1). Chum salmon were observed in areas including the outlet 
of Kluane Lake, Christmas Bay, and other locations within the White River Drainage.  

Tagging and distribution studies were often linked to R&E projects, highlighted below, or in 
conjunction with aerial surveys (below and Appendix 1). An early tagging program captured 
salmon in a fishwheel, and tagged chum downriver of Dawson City. A gillnet sampling site on 
the White River documented recaptures to form population estimates, and the Kluane spawning 
grounds were also surveyed for tag recoveries and age-sex-length (ASL) data. A survey report by 
Sweitzer (1974) mentions that spawning appeared to be restricted to areas of upwelling water, 
specifically in the upper Kluane River where “spawning appears to only occur in clear water 
sloughs fed by groundwater” and also mentioned harvest from both the lake and river (Sweitzer, 
1974). 

DFO Stream Files 
The Kluane River spawning area was surveyed on a regular basis by DFO habitat biologists, 
from 1985 to 2006. The DFO Stream Files contain notes related to each of these visits. A brief 
summary of predominant findings and themes are below; site specific comparative observations 
will be made in the final report where possible. In summary: 

• Spawning habitat characteristics in groundwater fed sloughs was extremely well 
documented 

• Dynamic nature of channel morphology 
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o Laterally unstable channels (both smaller channels and main channel) 
o Significant sub/surface flow interchanges 

• Impacts of beavers, ice dams and aggradation further increase dynamic channel 
movement and consequently spawning access  

• Weirs built to protect the Old Alaska Highway at Glacier Creek influence channel 
direction and persistence 

• Slough flow was dominated by groundwater or river water depending on river stage 
• Smaller channels on gravel plain areas were typically dry in winter 
• High water events may deposit large quantities of sands and silts over spawning areas 
• As well as water temperature, algae may visually identify groundwater inputs in spring 
• Evidence that juvenile chum reside and feed after emergence prior to outmigration 
• Juveniles may be stranded in disconnected pools in the spring 

 
R&E Reports 
There are several R&E reports with relevant historical information to the current project. This is 
not intended as a comprehensive summary of all R&E activities in the White River drainage. 
R&E reports CRE-53N-03 and CRE-58-07 contain more comprehensive summaries of 
information sources.  
 
CRE-07-97: Yukon Chum Salmon Tag Recovery Program, Duncan Contracting for Yukon River 
Commercial Fishing Association.   

A low parent year in 1993 prompted concerns for chum returns in 1997. To determine spawning 
escapement via mark-recovery, this project was initiated to increase tagging effort and increase 
likelihood of tag recoveries, including tagged to untagged ratios in headwater areas such as 
Kluane River. In Kluane River, 6 surveys in main spawning areas are reported along with photos 
and notes on site conditions.  

CRE-57-02: Preliminary Investigation of Chum Salmon Spawning in Kluane Lake, J.Wilson and 
Associates for Kluane First Nation 

This report describes the occurrence of lake spawning chum near Silver City and describes 
habitat characteristics including water temperature, dissolved oxygen, conductivity, total 
dissolved solids (TDS), pH, upwelling water samples for metals analysis, substrate composition 
and redd characteristics. This information, along with a summary of chum distribution in the area 
will prove valuable for future comparison.  

CRE-58-03: Traditional and Local Knowledge Survey in the Kluane Area and Identification of 
Upwelling Groundwater Areas in Kluane Lake, J. McKenzie and J. Wilson for Kluane First 
Nation 
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Interviews regarding salmon resources with Kluane First Nation members and local residents, 
with a focus on lake spawning chum produced a list of locations and corresponding map. Along 
with lake spawning indications, the main areas of spawning in the Kluane River were identified 
as Salmon Patch (locally referred to as “The Ku”), as well as the Swede Johnson and Glacier 
Creek (Mile 1118) Sloughs. The report also contains information about harvesting practices and 
locations.  

CRE-09-98 – Part I: Upper Yukon Radio Telemetry Tracking Station Installation and Spawning 
Ground Sampling/Tag Recovery. Department of Fisheries and Oceans Canada.  

Chum salmon tagged at Rampart Alaska were tracked through the drainage; the 10 chum tracked 
to Kluane moved at an average rate of 40 km per day. Spawning ground surveys to collect ratios 
of tagged to untagged fish and collect ASL data were completed alongside the annual aerial 
survey (Appendix 1), although they were hampered in efficiency by turbid conditions. Timing of 
tagging and movement suggested that the Kluane stocks migrate by Rampart ahead of some of 
the other stocks, although the sample size this is based on is small.  

Aerial Surveys 
Aerial surveys have occurred on the Kluane River since 1972, with more consistent surveys 
between 1981 and 2006. This information is reported in the JTC Report (2017, Appendix B15), 
and reproduced in Appendix 1 with additional information such as seasonal changes in survey 
timing (JTC, 1998; Boyce 1999). A visual comparison of aerial counts is also presented in Figure 
4. Aerial counts can be variable depending on many factors and are best regarded as an index of 
abundance. Some historical aerial counts include written descriptions of high-density spawning 
areas, observed water levels, and connectivity amongst these areas.   

Genetics 
Starting in 2007, aerial surveys of several index areas, including Kluane, were suspended in 
favour of estimating the relative abundance of fall chum salmon in these areas using genetic 
stock identification (GSI). These genetic samples were collected in conjunction with the Bio 
Island tagging program until 2009 when this work shifted to sampling with the Eagle Sonar 
gillnet test fishery (JTC 2008). Detailed annual results are contained in Restoration and 
Enhancement project reports for CRE-79, and also summarized in Appendix B19 of the annual 
JTC reports (JTC 2017).  
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A) 

 

B)  

Figure 3: a) Proportional contributions of four regional chum salmon stocks to the Canadian aggregate stock. b) 
Estimated annual abundance and harvest (upstream of Eagle sonar) of the White River chum salmon stock. 
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The White River chum stock has varied from an estimated low of 30% to a high of over 50% of 
the total Canadian stock aggregate (Figure 3a). However, stock-specific abundance estimates are 
more informative in terms of the number of fish returning to spawn each year. Since 2006, White 
River chum stock abundance has ranged between 30,000 in 2009 and 180,000 in 2017 (Figure 
3b). 

Reference material on the collection of the baseline genetic samples used for GSI analysis can 
also provide useful information regarding the timing and number of fall chum captured at 
different locations in the watershed, such as at Silver City (Wilson, 2011 and 2013).  

b) Current  

Aerial Survey 
The 2017 aerial survey took place on October 19. The observed abundance was within the range 
of previous surveys (Appendix 1). Weather was overcast with occasional light snow, and the 
ceiling remained high enough for favourable flying conditions. Two DFO biologists and a 
resource manager (Kluane First Nation) participated in the survey. One DFO staff was 
responsible for the count, with other passengers assisting via taking notes, photos, and video. The 
survey began at the outlet of Kluane Lake. Observer efficiency (OE) was estimated at 60% given 
weather and light conditions. Water clarity was reasonable although ice and snow covered many 
side channels and sloughs which prevented enumeration. The aerial survey reach extended to the 
confluence of Tincup Creek with the Kluane River approximately 68 km downstream (Figure 4). 

The aerial survey produced an overall estimate of 16,265 of fall chum in the Kluane River. The 
majority were observed in side channels and sloughs, with the highest density occurring at 
Salmon Patch (Figure 4). This count is above the average of the previous 10 years available 
(Figure 5). Accounting for 60% OE produces a total abundance estimate of ~27,000 spawning 
chum salmon. Although this number must be taken with caution and is highly uncertain given the 
subjective estimation of OE and that the entire spawning area was not surveyed due to snow and 
ice coverage.
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Figure 4: Relative distribution of spawning chum during 2017 aerial survey.  
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Figure 5: Estimated abundance of spawning chum salmon in the Kluane River, 1972-2006 and 2017.  

The survey crew also flew over the lake at the known Silver City spawning location (Wilson 
2006), but prevailing winds caused disturbance of lakeshore sediments, and visibility was 
limited. However, no spawning chum salmon were observed.  

A comparison of the 2017 survey’s spatial density over the main stretch of spawning, with the 
1982 aerial survey  (Milligan et al. 1986) shows similarities in the relative density and 
distribution of adult chum salmon (Figure 6). In both survey years, counts at the downstream 
extent (around Salmon Patch) comprised over half of the total aerial count, including the same 
point location associated with the highest observed density. The stretch along the Old Alaska 
Highway was the second highest in abundance, composing just less than a quarter in both 
surveys. The remaining areas all comprised less than 20% of the total observed abundance within 
each survey year. This distribution may not be the same in all years – for instance there are 
several years where it has been reported that the Glacier Creek area (blue in Figure 6) had very 
low numbers of spawners, due to physical barriers or silting. Continuing annual spawner surveys 

1997 – 2006 
Average 
13,666 

2017 Raw 
Aerial Count 

16,265 
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will enable us to determine if this general distribution persists following the major drop in water 
levels and flow.  

 

Figure 6: Distribution of spawning chum observed in 1982 and 2017 aerial surveys. GC = Glacier Creek; SP = Salmon 
Patch; SJ = Swede Johnson. Note total aerial survey reach extended beyond the area displayed in this figure. 

Genetics 
The 2017 GSI results from the Eagle Sonar are within the historical range (Figure 3a). Genetic 
results are subject to some uncertainty. The main two assumptions being that genetic assignment 
is correct, and that test fishery captures are representative of the entire run. Genetic assignment 
will continually improve with refined methods and increased resolution in the baseline data set.  

Applying the overall genetic proportions of specific stocks (White River chum stock) to the total 
run estimate from Eagle sonar (not stratified by sample period, as in Figure 3b) is also a potential 
source of variability; especially as the White River stock is believed to have earlier run timing 
and tapers off towards the end of the run. Applying the proportion of the whole run may 
misrepresent White River contributions, especially in years where a significant portion of the 
chum passage occurs after Eagle sonar operations are complete. Annual estimates of spawner 
abundance for the White River stock help to understand expected levels of inter-annual variation. 
This is particularly important in years of extremely high or low abundance such as 2017. 
Combining the 2017 genetic proportional contribution of  White River chum salmon to the total 



CRE-145-17 Kluane Fall Chum - DFO 17 

chum salmon run size estimate from Eagle sonar, results in a historical high return for this stock 
since 2006 (Figure 3b). 

Age Sex Length Data Collection 
Surveys to collect ASL (age, sex, length) data occurred on October 25 - 26, 2017 in Glacier 
Creek and Swede Johnson Slough. Data (age via scale samples, sex, and length) were collected 
from suitably fresh carcasses or live fish. Five scales were collected per fish, and sent to the 
Pacific Biological Station (PBS) for ageing. Sexing was done visually via external 
characteristics, and both fork length (FL) and mid-eye fork length (MEFL) were measured. 
Sample collections are summarized in Table 1.  

Table 1: Number of samples collected by location, sex and length (MEFL). 

 Glacier Creek Swede Johnson Slough Overall 
Number fish sampled 104 100 204 

Males 86 (83%) 67 (67%) 153 (75%) 
Females 18 (17%) 33 (33%) 51 (25%) 

Average Lengths    
Male 590 mm 592 mm 591 mm 

Female 563 mm 561 mm 562 mm 
 

Of the 204 fish sampled, 196 were successfully aged. Ages are summarized Table 2 and 
presented graphically in Figure 7. Ages presented are the “year of life” in which the chum was 
sampled. Therefore, an Age-3 fish is from brood year 2014, Age-4 fish from 2013, Age-5 from 
2012, and Age-6 from 2011. Age-4 fish are the most prevalent, and males are larger than females 
at all ages. 

Table 2: Age by sex 

 Age-3 Age-4 Age-5 Age-6 
All 4 (2.04%) 171 (87.24%) 20 (10.20%) 1 (0.51%) 

Males 2 (1.02%) 124 (63.27%) 18 (9.18%) 1 (0.51%) 
Females 2 (1.02%) 47 (23.98%) 2 (1.02%) - 
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Figure 7: Range of MEFL lengths (mm) by age and sex.  

Age and Genetics Expectations  
As expected from fall chum life history, age-4 is the dominant age class. These fish would have 
arisen from spawners in 2013. By tracking age and genetic composition from chum broods that 
span pre- and post- hydrological change, we will be able to monitor for potential shifts in age 
composition as a result of negative effects of this change on the spawning and incubation success 
of brood years from 2016 onward. Given the ages of returning chum, age-3 fish returning in 
2019 have the potential to be affected, although the impacts in 2020 on would be the most 
obvious, as the highest number of returning spawners (age-4) would be expected to be from the 
2016 brood year. 

2) Spawning: Habitat and Survival 
Objective: Assess the suitability of habitat for chum spawning and egg survival over the winter 
of 2017-18.  

Site Selection  
Sites for on-ground investigation were chosen to cover a range in depth, distance downstream 
from Kluane Lake, and substrate type. Modifications to site location are made based on in-season 
conditions and the dynamic nature of the river. There have been three main stages to site 
selection to date.  

1) Fall and Winter 2016 

Initial monitoring during the first fall chum spawning season following the glacial shift occurred 
in November 2016 and March 2017. These visits enabled DFO staff to observe river conditions, 
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and collect temperature and water stage data at Swede Johnson Slough, Glacier Creek, and the 
Kluane mainstem. Unfortunately the Kluane mainstem logger was lost before any temperature 
data could be downloaded. No temperature logger was placed at Silver City (lake spawning).  

2) Pre Spawning 2017 

Following confirmation of R&E funding, further site reconnaissance occurred prior to chum 
salmon arrival and spawning in the fall of 2017. With project partners (Kluane First Nation 
(KFN), Environment Yukon Water Resources Branch (YG), and Environment and Climate 
Change Canada (ECCC)) a reconnaissance of the study area was conducted, and initial 
monitoring sites of shared interest were selected.  

More detail on selected sites is provided below. Specific details in regards to partner-lead work 
are described in greater detail in Section 3: Hydrological Monitoring.  

3) Spawning Fall 2017  

Additional temperature and water level monitoring sites were established following the aerial 
survey, which identified key spawning locations. Helicopter access also provided access to 
alternate sites. The intention is for these sites to be monitored longer term, and will provide key 
data from the three main spawning locations; Swede Johnson Slough, Glacier Creek and Salmon 
Patch (Figure 6).  

Figure 8 shows the spatial extent of monitoring locations. Note that given the dynamic nature of 
the river, and the scale at which sites are presented, the location of points relative to the mapped 
river may have some inconsistency with location on the current river morphology, however geo-
referenced positions are accurate. Overall, at each site we are currently monitoring water 
temperature (surface and groundwater), groundwater flow, and egg survival (Whitlock Baskets).    
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Figure 8: Kluane River monitoring sites established and revisited over 2017 and 2018. Within each of the three insets, each site is described. The first letter of each code designates the sub-
site cluster (A, B, or C). The second set of letters defines the type of logger or assessment undertaken; T = temperature logger, DP = drive point logger, and WB = Whitlock Basket. A 
number following the letters distinguishes if there is more than one logger of that type at the site location. In the Salmon Patch site, the code SW represents “surface water’ (the drive point 
is also measuring surface water temperature) in addition to groundwater temperature.
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A subsequent visit to assess de-watering at monitoring sites was conducted in December. 
Temperature data was downloaded from loggers where access and conditions permitted. Another 
visit will occur in the spring, to download temperature loggers, observe site conditions, assess 
egg survival and assess emergence with fry trapping.  

Habitat Assessment Parameters 

During each site visit, measurements of temperature, dissolved oxygen, pH, water velocity, water 
depth and turbidity of surface water are recorded. Observations are made regarding substrate 
size, upwelling water, and occurrence of ice. Loggers depicted in Figure 8 form part of the 
additional monitoring that is occurring through working with partner agencies, detailed in 
Section 4. 

Initial Temperature and Water Quality Results 
Surface water temperatures were collected via long term temperature loggers installed along the 
Kluane River between Glacier Creek and Swede Johnson slough (Table 3). Ground water 
temperatures were also monitored in the same locations as the surface water temperatures (Table 
4).  

Surface temperatures upstream of Glacier Creek over the winter of 2016- 2017 ranged between 
3°C and 5°C for most of the winter (Site GC_A-T-1). Temperatures thereafter fluctuated greatly, 
coinciding with increasing surface water flows. During the winter of 2017-2018, surface water 
temperatures of Glacier Creek at GC_A-T-1 ranged from 4.7°C on October 20, 2017 to 1.1°C on 
January 14, 2018. Ground water at GC_A-DP-1 infiltrated beyond the reach of the logger for 
much of the winter of 2017-2018 resulting in negative values. On March 12, the ground water 
temperature was measured at 0.17°C and increased to 16.4°C on April 24, 2018. Winter 2017-
2018 ground water temperatures at GC_B-DP-1 ranged from below 0°C (dry) to 12.23°C on 
April 13, 2018.    

Temperatures from the Silver City drive point, from 1 m below gravel surface, ranged from 6°C 
down to 5.1°C between August 3 and October 14, 2017. Data from one drive point logger 
installed at a depth of 0.8 m below the streambed at Salmon Patch recorded temperatures 
between 2.1°C and 3.2 °C between October 19 and December 21, 2017. 

Temperatures taken at the gravel surface at another Salmon Patch site ranged between 1.9°C and 
3.9°C. between October 19 and December 21, 2017. It also averaged 2.6°C over this period. The 
highest spot temperature measurement taken at the gravel surface during the incubation period 
was 4.5°C on December 21, 2017 at an open water site in Salmon Patch, in the vicinity of the 
most dense aerial survey counts. 

Temperature measured in Swede Johnson Creek at the confluence with the spawning slough was 
1.5°C on November 2, 2016, while surface temperature in the slough upstream of the creek was 
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3°C. The 200 m stretch of slough downstream of the entry of Swede Johnson Creek was the only 
stretch void of spawning activity in an otherwise very densely occupied slough in 2017.  

Temperatures collected throughout the winter of 2016-017 at the gravel surface in upper Swede 
Johnson slough (SJ_A-T-1) ranged between 6.6°C on May 29, 2017 and 1°C on March 1 2017. 
The following winter, temperatures ranged between 0.34°C on March 2, 2018 to 4.93°C on April 
25, 2018. Surface temperatures taken at the lower end (northern end) of Swede Johnson Slough 
(SJ_B-T-2) during the winter of 2017-2018 ranged from 0.54°C on April 25, 2018 to 5.6°C on 
April 11, 2018. The surface temperature at middle Swede Johnson Slough (SJ_B-WB-2) was not 
calculated as a result of corrupt data from the temperature logger. Ground water temperatures at 
SJ_A-DP-1 ranged from 0.06°C on February 12, 2018 to 4.4°C on September 25, 2017.  Ground 
water temperatures at SJ_B-DP-3 ranged from 0.39°C on April 26 to 5.4°C on April 11, 2018. 
Ground water temperatures at SJ_A-DP-2 ranged from 2.54°C on February 2, 2018 to 5.1°C on 
April 11, 2018.  

Table 3: Average monthly surface water temperatures (°C) at Glacier Creek slough and Swede Johnson slough. 

 
Site Location   

     Month GC_A-T-1 SJ_A-T-1 SJ_B-T-2 
     October 2017 4.57 2.67 1.86 
     November 2017 3.92 2.75 1.81 
     December 2017 2.62 2.70 1.94 
     January 2018 1.76 2.02 1.60 
     February 2018 1.63 0.94 1.97 
      March 2018 2.45 1.47 2.43 
     April 2018 2.65 2.46 2.55 
      

Table 4: Average monthly ground water temperatures (°C) at Glacier Creek and Swede Johnson slough. Negative 
temperatures indicate the ground water infiltrated beyond the reach of the temperature logger. 

 
Site Location         

Month GC_A-DP-1 GC_B-DP-1 SJ_A-DP-1 SJ__A-DP-2 SJ_B-DP-3 
August 2017 3.75 

 
3.28 

  September 2017 4.19 
 

4.01 
  October 2017 4.40 1.72 3.37 4.84 1.72 

November 2017 4.14 1.76 2.46 4.47 1.67 
December 2017 3.65 -2.07 2.52 4.25 1.78 
January 2018 -13.86 -9.66 1.38 3.78 1.55 
February 2018 -14.76 -7.62 0.3 2.98 1.93 
March 2018 -8.71 -1.00 1.52 3.02 2.36 
April 2018 -2.02 2.21 2.47 3.17 2.41 

 

Other water quality parameters recorded included dissolved oxygen, pH and conductivity. 
Dissolved oxygen measurements from surface water in the river spawning areas ranged from 6.1 
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ppm at the head of Swede Johnson slough in August to 12.7 ppm in the Kluane River 
downstream of Glacier Creek in November. Dissolved oxygen levels from drive point water 
samples were as low as 5.9 ppm at a Salmon Patch site. The Silver City seep had only 3.5 ppm of 
oxygen, which might counteract the advantage to chum salmon incubation in the warmer 
temperatures associated with this site. 

Complete data will be presented in the final report, following data acquisition during spring site 
visits.  

Initial Habitat Observations  
Incubation areas exhibited minimal fluctuation in water level and temperature between October 
and December, 2017, suggesting that the eggs in the gravel were at low risk of freezing during 
this period, and that incubation conditions were suitable. Monitoring will continue through to 
spring to determine whether these suitable conditions persisted. 

Substrate at all sites was a mixture of gravel/cobble with fine sands and silts. Sand covered much 
of the streambed in sections of the spawning sites that experienced reduced flows, particularly at 
Glacier Creek. However, the substrate in each of the spawning areas was un-compacted, and 
gravel underlying the sand was easily exposed by spawners.  

3) Hydrological Monitoring  
Objective: To identify gaps in current hydrological data monitoring that are pertinent to 
understanding the impacts of the change.  

Extensive previous hydrological and geological studies in this area (Clague et al 2006, Brahney 
et al. 2008, Brahney et al. 2010, Shugar et al. 2014) combined with the magnitude and speed of 
the glacial change meant this objective had to be implemented relatively fast. Interest from other 
agencies in hydrological monitoring enabled a collaborative approach to begin implementing a 
monitoring program to address these gaps and coordinate data collection.  

Existing Hydrological Information  

Water Levels, Discharge, Weather Stations 
Existing water level and discharge stations within the region are presented in Table 3. Stations 
containing data relevant to the current work are also displayed in the following figures. This data 
is accessible through https://wateroffice.ec.gc.ca. Additional water measurements are available 
for Quill Creek (point measurements, 1979-1982, from Environment Yukon Water Resources, 
Hydrological Research) and the Slims River (discontinuous, 2014 – 2016, published in Shugar et 
al. 2017).  

 

 

https://wateroffice.ec.gc.ca/
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Table 5: Existing and historical hydrological monitoring stations (Water Survey of Canada).  

Code Location  Time Series 
09CA001 Kluane Lake near Burwash Landing Level: 1953-1986, 1993 ongoing 

(Continuous) 
09CA002 Kluane River at Outlet of Kluane Lake Flow: 1953-1995 (discontinued)  

(Continuous) 
09CA003 Donjek River Below Kluane River Flow: 1979-1994 (Discontinued)  

Seasonal 
09CA004 Duke River near the mouth Flow: 1981-2006 (Continuous) 

Level: 2011-2016 (Continuous) 
09CB001 White River at Km 1881.6 Alaska Hwy Flow: 1974 ongoing (Continuous) 

Level: 1974 ongoing (Continuous)  
 

Pre-glacial shift, the Kluane lake hydrograph had an average monthly lake level of 2-2.5 m from 
November to May, followed by an increase to peak levels of 3-4.5 m in July and August. 
Following the reduction in flow from the Slims River, the lake level has been at the lowest 
winter flow levels observed on record, and show minimal peaks during summer months (Figure 
9).  

 

Figure 9: Kluane Lake level historical record. Average monthly lake level from the long term record (1953-1986, 1993-
2015) in grey and post glacial change lake level in colour; 2016 (red) and 2017 (blue).  
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The historical (1952-1995) data of Kluane River level displays the range of river levels that 
spawning fall chum typically experienced in recent history (Figure 10). There is a strong 
relationship between Kluane Lake levels and Kluane River discharge. Although this data 
collection was suspended in 2005, three point measurements of discharge were taken in May, 
June and July, 2017 by Yukon Government Water Resources. The May measurement is within 
the historical range, the June measurement is one of the lowest (along with June 1955), and the 
July discharge is the lowest on record. Although the pattern of increase from May to peak in 
August and decrease again in the fall is clear, river discharge shows more variability than lake 
level. Of the monthly averages in August, 1993 and 1971 are the highest years, and the seven 
lowest August discharge years include 1989, 1953, 1970, 1958, 1967, 1968, and 1965 (from 
lowest to highest).  

 

Figure 10: Kluane River Discharge Historical Record. Historical average monthly discharges (1953-1995) are in grey. 
Three single point measurements recorded in 2017 indicated by blue dots.  

Other contributors to the water balance in Kluane River include the Duke River (Station 
09CA004) and the regional snowpack. These will likely increase in importance following major 
reductions in lake level. Snowpack is monitored at the Burwash A weather station. As this 
hydrological balance is developed by project partners, the relative importance of alternate water 
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sources and the direct impacts on available spawning and incubation habitats will be explored 
further. 

 Partner Data Collection 
Areas of partner-led (YG and ECCC) data collection are described below. This data will form a 
core component of our assessment on impacts to fall chum populations in this region. Additional 
contributions may include continued work on monitoring Kluane River discharge, and the 
establishment of a Kluane River Water Balance, which will help to understand long-term water 
level dynamics.  

1) Thermal imagery (groundwater seeps) is being used in targeted sections of Kluane Lake and 
River by ECCC. Thermal imaging, as presented in Figure 11 (from Miller, 2017), shows how 
colder groundwater temperatures, relative to surface water in mid-summer, make groundwater 
seeps readily apparent. Groundwater seeps are thought to provide a major role in spawning site 
selection by chum salmon as a result of warmer temperatures they provide through winter 
incubation periods. 

  

  
Figure 11: Examples of groundwater seeps identified along the Kluane Lake shoreline using thermal imaging.  

Identification of groundwater seeps in the lake and river will assist in quantifying the habitat 
which is preferable for chum spawning, and which is likely to provide habitat suitable for 
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successful incubation. These areas are also monitored for pressure and hydraulics. Future work 
will include ground truthing of groundwater seeps, and assessing use by spawning chum. Data on 
water quality will eventually be used to assess the groundwater suitability for salmon incubation. 
Initially, this data has been collected to characterize the groundwater regime of the area. Initial 
results from lake seeps indicate old groundwater, and there is interest in investigating the 
potential of anoxic seeps.  

2) Water samples (ground water and surface water) from all four main study locations will be 
analyzed for metals, chemicals, nutrients, and isotopes (YG and ECCC joint lead). This will 
provide useful information on water quality, provide information on variability among locations, 
and allow us to assess if this variability correlates with site utilization by spawning chum salmon.  

3) Drive points (Schlumberger Diver level loggers) and accompanying barometric pressure 
loggers installed at sites by YG (Figure 8), will monitor water temperature and level in spawning 
substrate throughout the season. Temperature data will be used to calculate the stage of 
development of the chum eggs. Any major changes in water level relative to the stage of chum 
egg development could indicate whether juvenile chum have a chance to adapt to the change-i.e. 
move down in the gravel as alevins, or are at risk of freezing as eggs. Drive point level loggers 
are also paired with barologgers to enable the water level data to be corrected for variation in 
barometric pressure. 

Data from partner work will be provided by the leading agency, and results will be incorporated 
into the DFO-led assessment on potential impacts to spawning and incubating chum salmon. 
Preliminary results are currently emerging, and will be integrated into the final report.  

4) Potential Impacts: Initial Results 
Objective: Project the likely impact of this hydrological change on Kluane chum salmon 

Spawning 
Although specific spawning sites have changed in response to the dynamic river channel 
morphology, spawning chum salmon were concentrated in the same general upwelling 
groundwater sites in 2017 that comprised the key spawning areas identified historically (Milligan 
et al. 1986). These are the areas encompassed by the historic aerial survey index reach, 
suggesting that changes in lake levels have not drastically altered the distribution of high-quality 
spawning habitat. Although how these changes in water level have affected the abundance of 
spawning habitat, and how that may affect spawning and rearing success is yet to be determined.  
In 2017, chum salmon were observed spawning in sloughs to the maximum upstream extent of 
watered areas.  

Water hardened eggs observed in eddies on the streambed provided evidence of egg excavation 
by newly arriving fish, and an indication of insufficient spawning habitat to accommodate the 
spawning escapement in 2017. While over-crowding of the Swede Johnson Slough spawning 
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habitat was identified previously in 1983, when spawning number were lower (Milligan et al. 
1986), the near-record border passage of chum salmon and the high aerial survey count in 2017 
indicated that high-density spawning should be expected. Crowding and red superimposition 
may have been exacerbated by low water conditions. Lower brood year productivity is expected 
under crowded conditions although other indirect benefits have been documented such as 
nutrient subsidies. Given the tendency of the chum salmon to concentrate in areas with warm 
thermal regimes, further groundwater mapping and characterization will be necessary to assess to 
what extent the water level change has prevented spawning chum from accessing suitable 
habitat. Additional surveys will better indicate whether reduced water levels result in 
overcrowding during runs of more average abundance. 

There was evidence of intensive predation on spawning chum salmon in each of the major 
spawning areas. This was mostly in clear and shallow watercourses where fish were afforded 
minimal cover or escape routes.  

Much of the upwelling groundwater area in the cobble and gravel delta of Silver Creek that 
historically provided spawning habitat for Kluane Lake chum salmon was above water in 2017, 
as a result of declining lake levels.  Spawning did occur on the remaining portions of the wetted 
gravel area.  From limited ground-based observations, densities of lake-spawning chum salmon 
appeared very low compared to riverine habitats, and there was no evidence of intensive 
predation. 

Incubation  
The DFO guideline for the minimum thermal units (sum of the average daily water temperature 
in °C or ATUs) required for chum salmon to reach emergence is 845 ATUs. Drive point logger 
temperature data will be used to assess the thermal units available through the season at each 
site. The warmest sites confer the quickest egg to fry development. The tendencies for the 
spawning concentrations of chum salmon to be much greater at the warmest sites and for the 
highest densities to occur in the upstream area of the Salmon Patch were observed in 1982 and 
1983 (Milligan et al, 1986). Temperatures recorded in that study were generally higher than 
temperatures recorded at the gravel surface during the 2017 incubation season. However drive 
point logger data, once available, may be more consistent with intragravel temperatures recorded 
in 1983.  

Incubation habitat conditions exhibited little change in level, and minimal change in 
temperatures between October and December, 2017, suggesting that eggs in the gravel were at a 
reduced risk of freezing during this period, and that incubation conditions were suitable. 

Further discussion of these potential impacts will follow spring 2018 field work, which will 
provide more conclusive information on the likelihood of successful incubation, and enable 
consideration of the complete spawning to outmigration period.  
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Partnerships 
Community interest in monitoring the environmental conditions in the wake of the Kluane Lake 
hydrologic change extend far beyond the impacts of this change on chum salmon populations. 
All aspects of data collection for this project are conducted in partnership with the Kluane First 
Nation, Environment Yukon Water Resources Branch, and Environment and Climate Change 
Canada.   This collaboration has enabled DFO to benefit from the expertise of local 
communities, Traditional Knowledge and the support of other agencies. It has fostered 
information sharing and capacity building among all partners. 
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Appendix 1: Historic Surveys 
Summarizes information on previous spawning surveys. This document will be updated as 
additional information is located.  

Year Count Dates of 
Count 

Area of 
Survey 

(footnotes) 
Survey Conditions Source(s) 

1972 
 198 23-Oct-72  

Poor survey conditions resulting in minimal or inaccurate 
counts Barton, 1984 

1973 2,500 25-Oct-73   Barton, 1984 
1974 400 15-Oct-74   Barton, 1984 
1975 362 15-Oct-75  Foot Survey Barton, 1984 
1976 20 24-Oct-76   Barton, 1984 
1977 3,555 22-Oct-77 1  Barton, 1984 
1978 0   Foot Survey Barton, 1984 
1979 4,640 15 & 28 Oct-79  Foot Surveys DFO Stream Files 
1980 3,150 17-Oct-80   DFO Stream Files 

1981 25,806 20-Oct-81 2 Estimated efficiency 100% in side channels and 50% in 
mainstem Fernet 1982 

1982 5,378 14-Oct-83 2 Additional ground surveys Oct 22-26 Milligan et al. 1986; 
Barton, 1984 

1983 8,578 18-21 Oct-82 3 Foot Survey Milligan et al. 1986;  
Barton, 1984 

1984 7,200 26-Oct-84  Survey conditions good DFO Stream Files 
1985 7,538     
1986 16,686 27-Oct-86 8  DFO Stream Files 
1987 12,000 21-Oct-87 7  DFO Stream Files 
1988 6,950 19-Oct-88  Survey Rating Fair DFO Stream Files 
1989 3,050 19-Oct-89 4 Fair DFO Stream Files 

1990 4,683 19-Oct-90 5 Fair to Poor (ice up). Aerial and Foot JTC, 1990;  
DFO Stream Files 

1991 11,675 15-Oct-91 9 Excellent DFO Stream Files 

1992 3,339 14-Oct-92 9 Fair/sig. icing, Aerial and Foot (7 days later) JTC, 1993 
DFO Stream Files 

1993 4,610 21-Oct-93 5 Countability fair to good DFO Stream Files 
1994 10,734     
1995 16,456 20-Oct-95  Visibility good JTC, 1995 

DFO Stream Files 

1996 14,431 17-Oct-96 5 Visibility very good JTC, 1997 
DFO Stream Files 

1997 3,350   Visibility good JTC, 1996 

1998 7,337 26-Oct-98 6 Survey was delayed due to reports of high turbidity, 
however noted delay appeared beneficial. Countably good.  

JTC, 1998; 
Boyce 1999 

DFO Stream Files  
1999 5,136 22-Oct-99 5  DFO Stream Files 
2000 1,442 24-Oct-00   DFO Stream Files 
2001 4,884 23-Oct-01   JTC, 2001 

2002 7,147 24-Oct-02  
Observer efficiency 70%.  

12 observed in Lake 
JTC, 2002;  

DFO Stream Files 
2003 39,347 20-Oct-03   JTC, 2003 
2004 18,982 15-Oct-04   JTC, 2004 
2005 34,600 12-Oct-05   JTC, 2005 
2006 18,208 16-Oct-06   JTC, 2006 
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Area of survey 
1) Kluane Lk to 3.5 km d/s SJ Creek 
2) Kluane Lk to 3-4 miles d/s confluence with SJ Creek 
3) Kluane Lk to d/s SJ Creek 
4) Kluane River includes hover(?) SJ Creek 
5) Duke R to below Swede Johnson (end of spawning sloughs) 
6) Kluane River between the Duke River and a short distance downstream of Kluane Wilderness Village 
7) Between Burwash and Tincup Lake  
8) Kluane Lake to area adjacent to Tincup Lake  
9) From one mile below Duke River to one mile below Swede Johnson Creek 


	Table of Contents
	Figures
	Tables
	Introduction
	Watershed Description and Study Area

	Project Scope
	Goal
	Objectives and Specific Activities

	1) Spawning: Distribution and Abundance
	a) Historical
	DFO Stream Files
	R&E Reports
	Aerial Surveys
	Genetics

	b) Current
	Aerial Survey
	Genetics
	Age Sex Length Data Collection
	Age and Genetics Expectations


	2) Spawning: Habitat and Survival
	Site Selection
	Habitat Assessment Parameters
	Initial Temperature and Water Quality Results
	Initial Habitat Observations


	3) Hydrological Monitoring
	Existing Hydrological Information
	Water Levels, Discharge, Weather Stations

	Partner Data Collection

	4) Potential Impacts: Initial Results
	Spawning
	Incubation
	Partnerships

	References
	Appendix 1: Historic Surveys

