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Executive Summary 

In the Spring of 2019, Fisheries and Oceans Canada (DFO), the Upper Fraser Fisheries 

Conservation Alliance (UFFCA), and Nadleh Whut’en First Nation collaborated on a project to 

assess the feasibility of trapping and sampling out-migrating sockeye smolts on the Nautley 

River (traditionally named the ‘Nadleh Koh’). From April 13 – May 27 nearly 17,000 sockeye 

smolts were captured over 45 days of daily fishing effort in the Nautley River. The peak of 

migration occurred April 20-21, and may have lasted 1-3 days longer if ice flows had not 

compromised sampling equipment. A secondary migration peak, approximately 10% of that in 

April, occurred around May 2-3. All smolts sampled were age-1 (98.7%) and were very large 

given their age (x̄ = 101.4 ± 0.3 mm SE). Genetic information revealed moderately more Stellako 

(54%) smolts than Nadina smolts (46%) in the samples, which was unexpected given the 2017 

brood (four-year old) for Stellako was 18-times that of Nadina. In our reduced genetic sampling 

time-series, Stellako smolts were more prevalent earlier in the migration period, but after May 5-

6 there was considerable variation in the daily proportion of each population. Age-1 Nadina 

smolts were significantly larger than Stellako smolts throughout the migration period, but both 

populations exhibited similar body fat content (~3.3% fat) and condition factor. Additional 

opportunistic sampling occurred in other regions of the Fraser River watershed for physiological 

information. Nadina, Seton and Cultus smolts were the largest, with Stellako smolts 

intermediate, followed by Chilko and Quesnel smolts (all 2017 brood year). This report 

represents the information available as of March 2020 prior to the COVID-19 pandemic. 

Additional results (e.g., further physiological assays) from 2019 will be provided in the final 

report to the Pacific Salmon Commission following the 2021 Nautley field season (report 

expected June 2022). The 2019 project is summarized as per the requirements outlined in the 

DFO-PSC Collaborative Sharing Agreement (CSA #CA_2019_EF_051 pg. 17) in the Appendix.  
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Background and Context  

Fraser River sockeye smolts exhibit diverse strategies and behaviours during their 

juvenile migration from natal streams and nursery lakes to the lower Fraser River estuary and 

eventually the Strait of Georgia (Mahoney et al. 2013). Currently, Fisheries and Oceans Canada 

(DFO) Stock Assessment collects high-precision, long-term wild sockeye smolt data from the 

Chilko River providing a proxy of freshwater survival and production for all sockeye in the 

Fraser River watershed. Differences in environmental conditions among systems warrant 

expanding sockeye smolt monitoring to additional regions, allowing us to better understand and 

predict spatial and temporal variation among Fraser River sockeye populations.  

To address this information gap, DFO Stock Assessment, the Upper Fraser Fisheries 

Conservation Alliance (UFFCA), and Nadleh Whut’en First Nation collaborated on a feasibility 

smolt trapping project on the Nautley River in the spring of 2019. The Nautley River, at the 

outlet of Fraser Lake, is a natural bottleneck through which Nadina and Stellako sockeye smolts 

must transit on their way downstream to the Fraser River. This project, funded by the Southern 

Endowment Fund from the Pacific Salmon Commission, aimed to address three objectives: i) test 

gear types to determine the most appropriate equipment for use on the Nautley River, ii) obtain 

preliminary migration timing information on the smolts migrating through the Nautley River, 

and iii) collect biological samples to determine the stock composition, age structure, and health 

of smolts leaving the system. Differences are expected in smolt characteristics (e.g., length, 

condition) given these populations rear in separate lakes: Nadina Sockeye (Nadina-Francois-ES) 

in Francois Lake and Stellako Sockeye (Francois-Fraser-S) in Fraser Lake. 

In connection with this project, Stock Assessment also collaborated with DFO’s 

Environmental Watch Program (EWP) to collect physiological samples (e.g., fat content, 

triglyceride levels and pathogen screening). This joint sampling occurred on the Nautley River, 

as well as on the Quesnel River at the outlet of Quesnel Lake from April 3 – May 2. This report 

focuses primarily on results from the Nautley River which represent the majority of the project 

effort and budget, but will also include a comparison to samples collected across the Fraser River 

watershed.  

 

ogl

e 
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Methods 

Ethics statement 

All animal handling occurred as per Canadian Council on Animal Care (CCAC) 

requirements (as per the DFO-PSC Collective Sharing Agreement), with the exception of the use 

of clove oil in place of MS-222 as anaesthetic due to concerns over chemical handling and 

storage. All smolts were anaesthetized with clove oil (5 drops per 500mL water) for 1-3 minutes 

prior to handling by DFO Stock Assessment technicians.  

Study area  

The study focused on the Nadina-Francois-ES and Francois-Fraser-S sockeye populations 

that rear primarily in Francois and Fraser Lakes, respectively. These two lakes provide highly 

productive juvenile sockeye nursery habitat, and are located in central British Columbia (Figure 

1a). Francois Lake is a naturally productive mesotrophic lake, made even more productive since 

~1900 due to nutrient inputs resulting from human activities (Reavie et al. 2000). It currently has 

the potential to be one of the major sockeye production lakes in BC due to its size, stable water 

stratification and abundance of high quality zooplankton prey (Shortreed et al. 2001). Francois 

Lake is currently far below carrying capacity and could support higher smolt abundances and 

spawner density (Shortreed et al. 2001). The Endako Mine at the east end of the lake appears to 

have had negligible effects on water chemistry in recent years (Reavie et al. 2000). Fraser Lake 

is a highly productive eutrophic lake prone to occasional algae blooms. It supports the highest 

biomass of high-quality zooplankton out of all Fraser River sockeye rearing lakes (Shortreed et 

al. 2001). As with Francois Lake, the carrying capacity of Fraser Lake is under-utilized 

(Shortreed et al. 2001). 

The Nadina River, flowing into the western end of Francois Lake, and the Stellako River, 

joining the two lakes, support unique, non-cyclical populations of sockeye that return to spawn 

as adults between late August and mid October. On their seaward migration, smolts exit the lake 

system through the Nautley River, a natural bottleneck connecting the outlet of Fraser Lake to 

the Nechako River (Figure 1b), which eventually drains into the Fraser River. The river’s 

traditional name is Nadleh Koh, “Where the salmon return river”. For consistency with other 
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reports and data sources (e.g., Environment Canada), we use the gazetted river name “Nautley” 

here.  

 

 

 

 

 

 

 

 

 

In 2019 additional opportunistic sampling was conducted at the outlet of Quesnel Lake 

on the Quesnel River at Likely, BC. This sampling was led by DFO’s Environmental Watch 

Program with support from DFO Sockeye Stock Assessment.  

Equipment and environmental conditions 

We assessed the effectiveness of two gear types, a fyke net and a 1.8 m diameter rotary 

screw trap (RST), for capturing sockeye smolts. Equipment were fixed to the Nautley River 

bridge for the duration of the study. The fyke net captured large numbers of smolts, but was 

Figure 1. A) The Francois-Fraser Lakes 

system supporting the Nadina and Stellako 

Rivers. B) Study site (red dot) on the Nautley 

River which connects Fraser Lake to the 

Nechako River and eventually the Fraser 

River. 
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ultimately not effective given high volumes of ice and debris moving through the Nautley River 

from April 21 – 25, often blocking and damaging the net. Given these challenges, the fyke net 

was removed from the river in late April for the remainder of the project. In contrast, the 1.8m 

RST (with a ‘self-cleaning’ drum) was operable through most ice and debris flows, with fishing 

effort occasionally compromised due to blockages (especially from April 23 – 25). 

Unfortunately, peak debris and ice movement coincided with peak smolt migration (Figure 2), 

resulting in the loss of important smolt information.   

Environmental conditions are difficult to predict and can vary substantially from year to 

year. However, 2019 was considered to be ‘abnormal’ with regard to the spring ice breakup 

conditions flowing out of Fraser Lake into the Nautley River. Local knowledge provided by 

members of the Nadleh Whut’en First Nation indicated that the Spring of 2019 was a highly 

unusual year with regard to ice and debris flows. No such issues were identified in the previous 

trapping programs in 1999 or 2000, although operations were often delayed due to lake ice and 

low water levels.  

Field sampling 

Smolt trapping was conducted primarily at night, a decision informed by previous DFO 

smolt trapping programs at Nautley in 1999 and 2000. These previous programs found limited 

smolt movement during daylight hours; this was corroborated by incidental daytime smolt 

trapping in 2019. From April 13-25, when smolt abundance was anticipated to be low, the crew 

worked a split-shift (approximately 08:00-13:00hrs and 20:00-21:00hrs), with the RST and fyke 

net left to fish unattended outside of these hours. During these unattended fishing hours the RST 

often jammed and became inoperable, thus informing the decision to switch the crew to night 

shift (approximately 20:00hrs – 03:00hrs) starting April 26 until the end of the project on May 

27. Given the issues with the fyke net, the data presented in this report include only catches from 

the RST.  

Smolts were removed from the RST live box and transported to aerated holding tanks for 

processing. Each smolt was measured for length, with the exception of peak captures on April 

20-21, at which point a sub-sample of lengths were recorded (approximately 300) while the 

remainder were enumerated and released. In addition, biological samples were obtained from a 

nightly sub-sample using a stratified-random sampling approach; smolts were randomly selected 
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and assigned to one of seven, 10-mm increment length classes (<80, 80-89, 90-99, 100-109, 110-

119, 120-130, >130 mm). A maximum of 10 individuals per length class were sampled each 

night, with data collected on weight, scales and DNA for genetic stock identification (up to a 

maximum of 70 smolts per night). Scale smears and DNA (clipped from the upper caudal fin 

lobe) were affixed to scale booklets and Whatman paper (respectively) for analysis. Scale 

samples were analyzed by the Pacific Salmon Commission’s scale aging lab.  

Environmental Watch Program (EWP) sampling 

The EWP retained an additional 151 smolts from the Nautley Program and 23 smolts 

from the Quesnel River for additional detailed physiological analysis. All smolts were 

euthanized using buffered MS-222 and preserved for later physiological sampling. Lab 

processing included fat and triglyceride content as a measure of energetic status, stomach content 

analysis, and ectoparasite and pathogen screening. 

Genetic stock identification (GSI) 

DNA samples were collected to identify the origin (Stellako or Nadina) of the individual 

sampled smolts, and to assess the proportional representation of each population in daily catches. 

GSI was conducted by the DFO Molecular Genetics Lab (MGL; Pacific Biological Station, 

Nanaimo, BC) using previously-established genetic markers for the two populations in a 

Bayesian model framework (C-Bayes) to assign stock ID. Given recommendations from MGL, 

individuals were assigned to a stock if the probability of the match was ≥ 80% (K. Flynn, pers. 

comm.).  

Data analysis  

Catch-per-unit-effort (CPUE) – CPUE was calculated to examine relative trends in 

nightly smolt abundance over the migration period. We limited the comparison to smolts caught 

in the RST from 21:00hrs – 03:00hrs when smolt migration rates appeared highest. CPUE was 

calculated by summing the total number of smolts caught each night divided by the number of 

hours the trap was operational within the above time period. For most nights, sampling lasted 6 

hours, although occasionally was reduced to 5 or 5.5 hours. Catches outside of this time period 

were omitted as effort was inconsistent and may have resulted in an underestimate of relative 

abundance.  
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Condition factor – We calculated individual condition factor as weight (g) divided by the 

cube of length (mm), all multiplied by 100,000 (Lundqvist et al. 1988, Beamish et al. 2012).  

Statistical analysis – We assessed trends in overall migration timing, relative abundance 

(i.e., CPUE) and water flow visually. Nightly proportion of Stellako and Nadina smolts from 

DNA samples was calculated, and a trend line was fitted visually using the non-parametric loess 

(‘Local Regression’) method in ggplot2 (Wickham et al. 2019). We used this method to apply a 

fitted curve that would produce a trend line of nightly stock proportions based on smoothed dates 

(i.e., the ‘local neighbourhood’). In other words, this method predicts stock proportions for each 

population between smoothed date ranges to apply a fitted curve. The size of the ‘local 

neighbourhood’ (i.e., degree of smoothing applied to the date values) ranges from 0 to 1; this 

value was selected based on best visual fit to the raw data. 

We compared the length and weight of smolts from Nadina and Stellako populations 

using One-way ANOVAs, and the change in length and weight over time were assessed using 

linear regression. Due to variation in condition factor over time, we used linear regression 

breakpoint analysis to identify time points that coincided with statistical breaks in the overall 

condition factor linear regression model using the breakpoints function in the strucchange 

package (Zeileis et al. 2002, 2003). This function compares the null model (no breakpoints) to 

models containing up to 5 breakpoints using Bayesian Information Criterion (BIC) rankings to 

identify the most reasonable breaks in the linear regression model over time. Once breakpoints 

(i.e., date breaks) were identified, we compared condition factors of Nadina and Stellako smolts 

within the truncated time periods using One-way ANOVAS.  

Assumptions of normality and equal variance were met by examining model residuals, 

histograms and quantile-quantile plots prior to use of all parametric models. All analyses were 

completed using R in RStudio (R Core Team 2019). Statistical significance was defined as α < 

0.05. Code used to generate figures and analyses is stored on github (khdavidson/fraser-

sox/nautley_final_report). 

Additional data collection 

We obtained real-time water flow data from Environment Canada’s online hydrometric 

data repository for the Nautley River station near Fort Fraser (#08JB003; 54°05'06'' N, 
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124°36'03" W). Real-time data are recorded continuously at 5-second intervals and represent 

raw, un-verified data. We extracted daily average, daily absolute maximum, and daily absolute 

minimum values from the time series for visual comparison to overall smolt migration timing 

and relative abundance. 

We also used the escapement estimates from the 2017 Stellako and Nadina parental 

broods (four-year old) to inform and explain the prevalence of the two stocks in our smolt DNA 

samples. Near-final escapement data are held internally by DFO, but available upon request.  

 

Results  

Sampling summary 

A full suite of samples (length, weight, scales, and DNA) were obtained from 1133 

individual sockeye smolts. Of the readable scale samples (n=1683), nearly all smolts were age-1 

(98.7%), with very few age-0 (1.1%) and age-2 (0.2%) individuals (Table 1).  

A total of 1183 smolts were sampled for DNA, of which 441 samples were analyzed. Of 

the samples submitted, 66 (15%) could not be analyzed due to inadequate tissue material, and 33 

(7%) were below the 80% stock identification probability threshold, resulting in 345 genetically 

identifiable individuals. Most of the samples with inadequate tissue material were collected at the 

beginning of the program (April 13–25). This problem was corrected from April 26 onward. 

DNA samples were submitted to the lab in two submissions. The consistency of the 

model to assign stock identification was tested by submitting DNA samples in two batches. 

Stock assignment models for both Submission 1 and Submission 2 were run with and without 

prior information from Submission 1, in order to determine the extent of ‘stock-switching’ (i.e., a 

smolt assigned to one stock in Submission 1, and then another stock in Submission 2). Two 

individuals (1.1%) from Submission 1 and one individual from Submission 2 (0.5%) changed 

stock ID when re-analyzed. In all cases these individuals had assignment probabilities < 80% so 

were excluded from subsequent analyses. Therefore, the stock identification of the 345 

individuals mentioned above is considered to be certain.  
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Migration timing and relative abundance 

A total of 16,946 smolts were captured at the Nautley River trapping site over 45 days of 

fishing from April 13 – May 27, although essentially no fishing occurred April 23-25 when the 

RST was compromised due to ice and debris. A small number of Chinook smolts (n < 20) were 

also captured, but only sockeye smolt data are reported (described simply as “smolts” herein).  

Smolt migration peaked around April 20–21, followed by a smaller peak around May 2–3 

(Figure 2), but the lack of data from April 23-25 may have obscured a larger peak. The apparent 

peak migration period coincided with increased variability in discharge which was evident by ice 

breakup on Fraser Lake at the time. The apparent later migration peak also coincided with a 

moderate temporary increase in discharge.  
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Overall, we captured slightly more Stellako smolts than Nadina (53.9% and 46.1%, 

respectively). The GSI results illustrate some temporal differences in smolt migration timing for 

the Stellako and Nadina populations, with Stellako smolts comprising more of the sampled daily 

catches in late April/early May (Figure 3). However, the large daily variability, particularly in 

the latter part of the trapping period, and lack of samples from the main peak period (April 21-

22) preclude concrete conclusions about migration timing for each population.   

A 

B 

Figure 2. Nightly rotary screw trap (RST) a) raw catch and b) estimated relative abundance (CPUE, number of fish per 

hour during the main migration period from 21:00 – 03:00). Gray shading indicates period where fishing was 

compromised ice and debris. The blue line is average daily discharge (m3/s) with shaded daily minimum and maximum 

values. 
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Smolt biometrics 

The following statistical comparisons are made only for the age-1 smolts due to their 

abundance. Smolt biometrics for all ages and populations are summarized in Table 1. Note that 

the age-0 smolts are likely a lab error, and are in reality age-1 smolts. Age-0 sockeye smolts 

would have recently emerged from gravel in April and May and would only be 25-40 mm long. 

 

Table 1. Biometric data for smolts that were able to be aged and genetically identified (no age-2 smolts 

were processed for GSI). ‘Total sampled’ includes smolts that were sampled for both GSI and age as well 

age alone. ‘n’ indicates sample size. Values are x̄ ± SE. 

 

 

 

 

 

 

 

 

Population Age n Length (mm) Weight (g) Condition factor 

Stellako 
0* 2 92.5 ± 5.5 6.9 ± 1.4 0.86 ± 0.02 
1 199 96.8 ± 0.7 8.2 ± 0.2 0.87 ± 0.00 

Nadina 
0* 3 111.3 ± 4.2 12.8 ± 1.3 0.93 ± 0.02 

1 169 115.2 ± 0.6 14.0 ± 0.2 0.90 ± 0.00 

Total sampled 

0* 19 101.7 ± 3.8 10.5 ± 1.2 0.89 ± 0.01 

1 1661 101.4 ± 0.3 10.5 ± 0.1 0.89 ± 0.00 

2 3 172.3 ± 18.3 49.2 ± 16.2 0.89 ± 0.04 

Figure 3. Proportion of samples comprised by Nadina (green) and Stellako 

(blue) fish over time based on genetic stock ID with fitted loess trend lines 

(span = 0.25). Note the truncated x-axis compared to Figure 2. 
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Length and weight of smolts increased moderately (R2
adjusted = 0.14 and 0.23, 

respectively) over the migration period, with Nadina smolts being significantly longer (One-way 

ANOVA df = 1, f = 434.2, p < 0.01) and heavier (One-way ANOVA df = 1, f = 429.3, p < 0.01) 

than Stellako smolts (Figures 4a and b). Nadina smolts also had a significantly higher condition 

factor than Stellako fish (One-way ANOVA df = 1, f = 18.56, p < 0.01), although upon further 

inspection this trend was only significant from May 5-12 (inclusive) due to a few high-condition 

Nadina smolts and low variability in the data (One-way ANOVA df = 1, f = 4.41, p = 0.04). 

There was no significant difference in condition factor between stocks from April 26–May 4 

(One-way ANOVA df = 1, f = 2.12, p = 0.15) or May 13–24 (One-way ANOVA df = 1, f = 0.07, 

p = 0.80; Figure 4C). This is further confirmed by equal fat content exhibited by the two  

populations (see ‘Smolt Physiology’ below).  
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C * 

Figure 4. Nightly average (± 1 SE) A) length (mm), B) 

weight (g w/w), and C) condition factor relationships 

over time for Nadina (green) and Stellako (blue) age-1 

smolts. Dashed lines indicate breakpoints for condition 

factor analysis; points falling on top of the lines were 

included in the May 5-12 period. Asterisk indicates the 

period with statistical significance.  Note truncated x-

axes compared to Figure 2. 



 

Smolt physiology (Environmental Watch Program) 

Detailed physiological information such as fat content and triglycerides (both an indicator 

of energetic status), stomach contents, ectoparasites, and pathogen screening were also collected 

from 151 Nautley smolts by the Environmental Watch Program (EWP). Whereas Nadina smolts 

were significantly larger than Stellako smolts, both populations exhibited the same fat content, 

approximately 3.3% of their body weight (Figure 5A). Given that the critical energy value for 

smolts is around 2% body fat, both Nadina and Stellako smolts appear to be in equivalent high 

health. The similar fat content scores support the result that both populations have similar 

condition factors overall.  

 

 

 

 

 

 

 

 

 

 

The overall average weight of Nautley smolts was among the largest of the populations  

sampled by EWP in 2019 (Figure 5B). Seton and Cultus smolts were moderately larger, although 

it is important to note that if the ‘Nautley’ bar was separated by stock (Stellako and Nadina), 

Nadina smolts would be heavier than Cultus and Seton, while Stellako smolts would fall in the 

middle (see Table 1). Chilko and Quesnel smolts were considerably smaller.  
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Figure 5. A) Fat content (grams of lipid per gram wet-weight) of Nadina and Stellako smolts in 2019. Dashed line represents 

the critical energy value of 2% fat content. Circles represent individuals that fell below the 2% critical threshold. B) 

Comparison of smolt weights from different parts of the Fraser River watershed in 2019 (2017 brood year). Numbers 

represent sample sizes. Bars in both graphs represent x̄ ± SE. Data collected, visualized and supplied by David Patterson 

(EWP). 
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Discussion 

Feasibility work to assess smolt trapping and sampling on the Nautley River was 

successful in 2019 despite abnormally high ice and debris load during the peak of freshet that 

coincided with peak smolt migration. We collected valuable biometric and migration timing 

information on the Stellako and Nadina sockeye smolt populations, some of which were 

unexpected given our knowledge of sockeye smolts during early freshwater life stages.   

Our data indicate the main smolt migration peaked on April 20-21, with a smaller peak 

during May 2-3. Both of these times coincided with periods of increased and fluctuating 

discharge in the Nautley River, especially for the peak on April 20-21. It is possible the peak of 

migration may have lasted beyond this 2-day period as fishing effort was negatively impacted by 

ice and debris following April 21. As well, once the bulk of ice ceased flowing through the river, 

the RST was relocated (on April 24) to the side of the main thalweg in response to logistical and 

fish health concerns. The relative abundance in the latter portion of the migration may have been 

slightly higher had the RST remained closer to the center of the current flow.  However, nightly 

RST catches up to this point are likely representative of the pattern in the smolt migration, as ice 

and debris was not a factor up to that point. Leading up to the peak migration, raw nightly catch 

increased from 41 smolts to over 7000 within a 24-hour period. This is an uncommon pattern in 

comparison to the smolt migration timing of other sockeye populations in the Fraser watershed. 

Chilko Lake sockeye smolts migrate over a more prolonged period of about three weeks (approx. 

April 20-May 14 with some smaller peaks and troughs during this time). Likewise, weekly 

sampling on the Little River (Shuswap Complex) in 2012 and 2013 indicated sockeye smolt peak 

migration occurred over a period of at least one week. It is possible that smolt migration out of 

Fraser Lake is triggered by different environmental cues than elsewhere in the watershed. 

Although migration cues vary among individuals, populations, and species, it is likely that smolts 

exiting Fraser Lake are triggered by environmental conditions (e.g., accumulated thermal units or 

discharge; Hartman et al. 1967, Sykes et al. 2009) that may coincide with or stimulate individual 

migration drivers (e.g., hormones; Iwata 1995). Specifically, observations from Nadleh Whut’en 

community members indicate that smolt migration historically coincides with Fraser Lake ice 

breakup, which occurred very rapidly (unusually so) in 2019.  
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Given the truncated DNA time series (April 26-May 27 inclusive) we do not know the 

relative prevalence of each population during the main migration peak (April 20-21). The 

Stellako four-year old female brood was approximately 21 times larger than the Nadina brood, 

yet the two populations were nearly equally represented in our DNA samples (Table 2 provides a 

summary for comparison). Three possible explanations exist for this mismatch between adult 

abundance and juvenile production based on our samples. First, it is an artifact of temporal bias 

in field sampling and we missed part of the Stellako migration prior to the start of the program 

(Apr 13). We do not feel this is the case given that low (or no) smolt captures were observed for 

almost one week prior to peak migration, and migration peaks around mid-late April are typical 

of other sockeye populations in the watershed. As well, water flow in the Nautley River prior 

early April was very low (at or below 10 m3/s), suggesting an early migration in March or even 

early April unlikely. The second explanation for the approximately equal representation of 

Nadina and Stellako smolts is an artifact of our reduced DNA time series. That is, Stellako 

smolts may have been more responsible for the April migration peak, especially given that they 

were more prevalent at the beginning of our DNA time series (approx. 75% of samples were 

Stellako from April 26 – May 2; Figure 3), but due to sampling issues leading up to April 26, 

these early Stellako smolts were not captured in our samples. However, it is unlikely we would 

have obtained enough DNA samples from the peak migration period to capture a 21-fold 

difference between the populations. Without genetic information from this period in 2019, it is 

difficult to speculate further.  

The final explanation for the similar Nadina and Stellako smolt prevalence, despite 

dissimilar adult broods, is a difference in juvenile recruitment between the two populations, 

either through low recruitment of Stellako and/or high recruitment of Nadina smolts. However, 

the adult escapements were far below the estimated carrying capacity for both systems in 2017 

(Table 2), indicating that there should be no density-dependent mortality (or reduced juvenile 

recruitment) acting on either population. Thus, in this scenario, it is more likely that the samples 

have captured evidence of higher smolts-per-effective female spawner for Nadina sockeye 

compared to Stellako. Nadina escapement in 2017 was approximately 0.4% of potential carrying 

capacity (Table 2), yielding low fry density in Francois Lake and potentially higher growth rates 

(i.e., no risk of density-dependent growth effects). Indeed, Nadina smolts were significantly 

larger than Stellako smolts (see discussion below), despite data showing that Fraser Lake, where 
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Stellako fry rear, has approximately twice the carrying capacity per-unit-area than Francois Lake, 

where Nadina fry rear (Table 2). Therefore, although there were far fewer Nadina adults, their 

offspring faced good survival conditions during rearing. We feel this final hypothesis is the most 

likely given the current information. Continuing smolt monitoring on the Nautley River in future 

years would further clarify the patterns observed in 2019, particularly for juvenile recruitment 

between the two populations.  

Table 2. Summary of rearing capacity, 2017 escapement and 2019 smolt information for Nadina (Francois Lake) 

and Stellako (Fraser Lake) smolts. Rearing lake of each system is bolded in the CU name. 

System  
Rearing lake 

carrying capacity 
(total spawners)* 

Rearing lake 
carrying capacity 
(spawners/km2)* 

2017 
adults 

2017 
EFF 

2019 smolt 
prevalence 

2019 smolt size 
(x̄ ± SE) 

Nadina  
(Nadina-Francois-ES) 

1,366,000 5,600 5,322 2,323 46% 115.2 ± 0.6 

Stellako  
(Francois-Fraser-S) 

601,000 11,000 91,391 49,425 54% 96.8 ± 0.7 

*
Shortreed et al 2001 

The large size of Nadina and Stellako sockeye smolts relative to those sampled at other 

locations was unexpected. Nadina smolts were the largest of those sampled in 2019, followed by 

Cultus and Seton. Stellako smolts were moderately-sized, while Chilko and Quesnel smolts were 

the smallest. Nadina fry and smolts rear primarily in Francois Lake, and the juvenile abundance 

resulting from the 2017 brood would have been well below the carrying capacity. The large body 

size and relatively high prevalence (as mentioned above) are suggestive of juvenile sockeye that 

experienced optimum growth conditions and were able to grow completely unhindered. The 

body size recorded for Nadina smolts is typically only seen in age-2 sockeye smolts elsewhere in 

the Fraser River watershed. Alternatively, it is possible that selective pressure acts on Nadina 

smolts, whereby larger individuals are more likely to survive the long migration from their natal 

river through Francois Lake, as opposed to the relatively shorter migration faced by Stellako 

smolts. Should this project continue in future years, opportunistic sampling at the outlet of 

Francois Lake (or in Stellako River) to document Nadina smolt migration into Fraser Lake would 

resolve uncertainties around the time these smolts spend rearing in each lake.  

In comparison, Stellako smolts were smaller than Nadina, and both populations had 

similar condition factors. While the juvenile Stellako cohort from the 2017 brood would have 

been larger than for Nadina, it was still well below the estimated carrying capacity of Fraser 
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Lake, especially given that Fraser Lake has higher capacity per-unit-area than Francois Lake and 

favourable thermal conditions (Goodlad et al. 1974, Shortreed et al. 2001).  

Smolt sizes observed among the Fraser River sockeye populations sampled in 2019 

followed expected trends given nursery lake productivity. Larger smolts (Nadina, Stellako, 

Seton, and Cultus) rear in more productive lakes, while the smaller smolts (Quesnel and Chilko) 

were associated with lower productivity lakes, although there are some extra factors to consider 

for some populations. The natal origin of smolts sampled at Seton River are unknown (i.e., 

Portage-L or Gates-ES CUs), making it difficult to speculate as to which upstream lake they 

reared in; Gates Creek drains into Anderson Lake upstream of Seton River, while Portage Creek 

drains Anderson Lake and flows into Seton Lake, also upstream of Seton River. Anderson Lake 

contains the highest recorded biomass of zooplankton out of all sockeye rearing lakes in the 

Fraser River watershed, while Seton Lake has lower than average zooplankton biomass but 

relatively higher fry growth rates, possibly due to historically lower fry densities (Shortreed et al. 

2001). Cultus Lake is currently mesotrophic (historically oligo-mesotrophic), trending towards 

eutrophic due to atmospheric nutrient deposition from nearby agriculture, reduced oxygen, and 

invasive Eurasian milfoil (Myriophyllum spicatum) (Putt et al. 2019). In contrast, Quesnel and 

Chilko Lakes are oligotrophic and ultra-oligotrophic, respectively, with variable abundance and 

quality of zooplankton prey that is often depleted under high fry densities (Hume et al. 1996, 

Shortreed et al. 2001). Consequently, growth and body size in both lakes are strongly density-

dependent at high spawner abundances (Shortreed et al. 2001, Grant et al. 2018), and sometimes 

even under lower abundances (Hume et al. 1996). Therefore, density-dependent growth is an 

important consideration when comparing smolt sizes over time and among populations. 

Likewise, lake productivity regimes (and the subsequent effect on smolt growth) may be altered 

in the future given implications of climate change (see below).  

 

Future Directions  

Upstream Smolt Monitoring Program 2021 

A second season of smolt trapping on the Nautley River was approved for Spring 2020, 

but was subsequently deferred to Spring 2021, along with much of the physiological sample 



23 
 

processing for the 2019 EWP samples, due to the COVID-19 pandemic. All outstanding data 

from 2019 will be reported alongside the new Spring 2021 data in the final report for that project 

(by June 2022). The focus of the 2021 project will again be the Nautley River, with opportunistic 

sampling in other areas of the upper Fraser River watershed if possible (e.g., Quesnel or Stuart 

systems).  

The 2021 project will be the same as in 2019, with a few key modifications. First, two 

RSTs will be deployed, and the fyke net will not be used given the issues in 2019. This would 

likely include operation of both a smaller (1.8m) and larger (2.4m) RST. RSTs will also be 

equipped with improved structural modifications such as coarser mesh to allow more water and 

debris to flow through the funnel, and surface deflectors for woody debris and ice.  

Second, the 2021 study design will include attended night shifts over a standardized 

period, with hourly capture totals recorded each night to better quantify smolt migration patterns 

during the main period of night migration (approximately 20:00hrs – 03:00hrs), and provide 

better metrics for standardizing fishing effort. During the initial two weeks of the 2019 smolt 

trapping program there was considerable variation in shift timing and trapping periods while the 

crew determined diurnal smolt migration patterns and logistical constraints. Unattended trapping 

periods quickly became problematic due to ice and debris, and the sudden migration of smolts 

within a 24-hour period. While these environmental conditions may not be the norm in future, it 

would still be prudent to adopt a study design that minimizes risk to equipment and data 

collection.  

Third, we will expand the project scope to include a feasibility study utilizing mark-

recapture methods to estimate the total abundance of smolts migrating past the trapping site on a 

nightly basis. This latter component will focus on assessing the logistical and operational 

requirements required to mark enough smolts to obtain reasonable mark-recapture estimates, 

while meeting nightly biometric sampling requirements. In 1999 and 2000, DFO conducted 

small-scale mark-recapture experiments as part of a sockeye smolt trapping program on the 

Nautley River. Recapture rates were low (~1% of marked samples) and one of the marking 

methods (Bismarck Brown) had negative effects on smolt health and survival. Informed by three 

previous years of work (1999, 2000 and now 2019), we will trial a less stressful marking method 

(caudal fin clip), apply more marks at more frequent intervals, and increase fishing efficiency 
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with the deployment of two RSTs. Should a mark-recapture project prove to be feasible on the 

Nautley River, high precision nightly smolt abundance estimates for the Nautley River would 

eventually be attainable. Coupled with GSI information, this could provide discrete annual smolt 

abundance estimates for the Nadina and Stellako sockeye populations. 

Fraser River context and significance  

The 2019 program provided new, valuable information on individual smolt traits and 

approximate migration timing for Stellako and Nadina smolts. Through coordinated sampling 

with the EWP, we determined that Nautley smolts (Nadina in particular) are some of the largest 

in the Fraser River watershed for their age class. The large body size of Nadina, Stellako, Seton 

and Cultus smolts is likely linked to nursery lake productivity, and may have implications for 

survival during downstream freshwater migration and early marine entry (Henderson and Cass 

1991, Beamish and Mahnken 2001, Beamish et al. 2012). Once the physiological data collected 

for Nadina and Stellako smolts by the EWP are analyzed, it will be possible to compare smolt 

biometrics and relative stock proportions at Nautley to those lower in the Fraser River watershed 

(e.g., Mission Juvenile Program) to estimate individual health, travel time, and the relative 

prevalence of Nadina and Stellako smolts in Mission samples over the course of the 2019 smolt 

migration.  

Currently, DFO Fraser River Sockeye Stock Assessment operates a long-term smolt 

monitoring program on the Chilko River. The data from this program are used as a proxy for 

juvenile freshwater health and survival for wild Fraser River sockeye populations, and are 

extremely valuable for assessing variation in productivity and survival throughout the sockeye 

lifecycle (e.g., marine versus freshwater stages). For example, the 2019 Chilko sockeye adult 

return was one of the lowest on record despite high total smolt production in 2017 (71.7 million) 

and the highest recruitment of smolts recorded (288 smolts per effective female spawner). 

Declines in adult returns, despite juvenile freshwater success, indicate poor marine conditions. 

However, without this robust estimate of freshwater recruitment, it would be unclear which life 

stage represents the critical survival bottleneck for Fraser River sockeye.  

Should a Nautley mark-recapture program prove successful, it would provide a second 

indicator of smolt abundance over time for wild Fraser River sockeye populations, and would 

represent populations exposed to different rearing conditions than Chilko Lake. Chilko Lake is 
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ultra-oligotrophic, while Francois and Fraser Lakes are productive mesotrophic lakes (Fraser 

Lake tending towards eutrophic) (Hume et al. 1996, Shortreed et al. 2001). Considering both 

ends of the freshwater productivity spectrum is particularly important in light of increasing 

anthropogenic activities, the effects of which are already evident in many Arctic and low-latitude 

alpine lakes (Hobbs et al. 2010). Human activities are directly linked to climate warming and 

increased reactive nitrogen emissions (e.g., Putt et al. 2019), which can disrupt primary 

production (diatom) dynamics and community structure, particularly in lakes that are nutrient 

limited (i.e., Chilko Lake) or at northern latitudes where the rate and degree of warming is 

greater (Hobbs et al. 2010). Changes to primary producers and thermal regimes can subsequently 

impact zooplankton population dynamics, especially species important for sustaining juvenile 

sockeye populations (e.g., Daphnia spp.). While initial warming can have a positive effect on 

Daphnia spp. growth and reproduction (Fischer et al. 2011), temperature extremes over the 

allowable threshold for Daphnia spp. can have negative effects (Gillooly and Dodson 2000). 

Warming of freshwater bodies can also act directly upon fish communities, affecting both 

individuals (e.g., growth and maturation rates) and/or habitats (e.g., lake ice cover), subsequently 

changing fish foraging patterns with the potential for cascading impacts on the freshwater food 

web that often mirror eutrophic conditions (e.g., temporary high fish abundances and depleted 

zooplankton abundances; reviewed in Jeppesen et al. 2010). While Chilko, Francois and Fraser 

Lakes are in remote areas less exposed human activity compared to other lakes (e.g., Cultus 

Lake, Putt et al. 2019), it is possible that some changes may occur in the future. For example, 

increased run-off and glacial melt in the Chilko Lake watershed could supply more nitrogen and 

phosphorus from volcanic, nutrient-rich soils, which may afford a temporary benefit to Chilko 

Lake production. In contrast, additional nutrient deposition to Francois or Fraser Lakes could 

have negative impacts given their high in-situ primary productivity; further nutrient loading may 

tip them into eutrophic (and possibly anoxic) conditions, where juvenile sockeye may face 

reduced habitat, food quality, and ultimately rearing capacity. It is important to note that the 

effects of climate warming and nutrient deposition (as a result of human activity) are spatially 

heterogeneous. Whether the mechanisms act as top-down (e.g., impacting fish foraging) or 

bottom-up forces (e.g., impacting diatoms) will be region- and lake-specific. Having annual 

smolt monitoring programs in place for both Chilko and Francois-Fraser Lakes would better 
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represent the spectrum of rearing conditions and environmental change experienced by juvenile 

sockeye in the Fraser River watershed as we enter a period of climate instability. 

Information obtained from an expanded smolt monitoring program in the watershed 

would also contribute to the broader understanding of Fraser River sockeye dynamics. For 

example, similar to Chilko, smolt abundance at Nautley could be linked to adult escapement to 

derive estimates of freshwater productivity (i.e., number of smolts per spawner) and survival for 

the Nadina and Stellako populations. This would provide direct input for management processes 

such as developing biologically based spawning escapement targets and pre-season forecasts 

based on stock-recruitment models or assessing the impacts of the recent Big Bar landslide. 
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Appendix: Collaborate Sharing Agreement Summary 

The project is summarized here following the requirements outlined in the DFO-PSC 

Collaborative Sharing Agreement (CSA #CA_2019_EF_051 pg. 17), and focuses primarily on 

the Nautley River sampling as this constituted the bulk of the project time and budget:  

1. Adequacy of project budget – The budget was adequate for the feasibility study to gather 

low-precision migration timing information and biological data from the Nautley River, 

and additional opportunistic physiological data from the Quesnel River. However, in 

future if we wish to obtain high-precision abundance estimates for each sockeye 

population, a larger budget may be required (see ‘Future Directions’ for details).  

2. Study design objectives delivery – The study design was able to provide information on 

all of our objectives. We determined that the fyke net was inadequate for sampling on the 

Nautley River, while the rotary screw trap (RST) was ideal. We also gathered previously-

unknown biological and migration timing information on Stellako and Nadina smolts. 

3. Milestone achievement – All milestones throughout the project were achieved on time.  

4. Deliverables completion – All deliverables (two reports, including this one) were 

completed. 

5. Collaboration purpose achievement – The collaboration was extremely successful. 

Relationships between DFO Stock Assessment and Nadleh Whut’en First Nation have 

not existed for almost 20 years, and collaboration through the UFFCA was extremely 

beneficial for both parties. As such, we were able to begin to establish relationships while 

collecting new information from this area of the Fraser watershed. 

6. Project performance difficulties and management to achieve resolution – The major 

project performance issue was due to the large amount of ice and debris that left Fraser 

Lake rapidly, subsequently damaging gear (specifically the fyke net) and compromising 

sampling for a short period of time. Future sampling will only involve RSTs, which have 

received structural modifications to help address and mitigate any environmentally-

imposed issues in future.  

7. Recommendations related to future assessment activities – Future assessment activities 

on the Nautley River should include a more robust, high-precision estimate of smolt 

abundance that can be paired with genetic stock ID to gather stock-specific abundances 

leaving the Nautley River. As well, only RSTs should be used on this river, and sampling 

should be confined to nightly sampling with hourly trap checks. This is summarized 

further in the ‘Future Directions’ section.  

 


