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Introduction 

The role of juvenile body size in regulating mortality in both freshwater and marine fishes has been an 

area of continuing interest [Hjort 1914, Holtby et al. 1990, Sogard 1997, Thompson and Beauchamp 

2014, Claiborne et al. 2011], especially in the case of Pacific salmon (Oncorhynchus spp.).  

 

Although freshwater mortality is substantial, few studies have assessed the importance of size-selective 

mortality (but see West and Larkin 1987, Thompson and Beauchamp 2014). For instance, only 56% of 

the one-year-old Chilko Lake sockeye salmon smolts leaving the Lake entered the ocean in 2016. 

Predation was responsible for the bulk of the mortality of the age two Chilko Lake sockeye salmon 

occurring in the first 20 km of the Chilko River, though it is unclear if it was size-related (Furey et al. 

2016, Clark et al. 2016).  

 

In the marine environment, Beamish and Mahnken (2001) proposed that most natural mortality of Pacific 

salmon is size-dependent and occurs in two major phases. The authors suggested that the first phase of 

mortality is predation-based, occurring shortly after smolts enter the ocean, and is directed toward 

individuals that are smaller and in poorer condition (e.g., Tucker et al. 2016). In 2016, only 36% of the 

one-year-old Chilko Lake sockeye salmon that entered the Strait of Georgia made it to Discovery Islands 

(Stevenson et al in press). The second phase of mortality is thought to occur in the fall and winter of the 

first year at sea when those individuals that have not attained a critical size die because they are unable to 

meet minimum metabolic requirements (Beamish and Mahnken 2001).   

 

In this study our objectives were to test for evidence of size-selective mortality within sockeye salmon 

during two life history periods – during smolts’ migration from freshwater to the sea and during their first 

~month of marine residence. We used Chilko Lake sockeye salmon as our case study as they are a major 

component of Fraser River fisheries and are often used as an indicator stock for the aggregate. Mortality 

of Chilko Lake sockeye salmon in both freshwater and marine environments is considerable and has been 

relatively well documented (Rechisky et al. 2018, Clarke et al 2016, Irvine and Akenhead 2013). In this 

study, we sampled at three locations representing the two life history periods (outlet of Chilko Lake an 

dMission both during smolt outmigration, and in the vicinity of the Discovery Islands during the first 

month at sea), providing successive samples from the same population throughout their migration period 

(Figure 1). There is ~ 660 km between Chilko Lake and Mission, an additional 75km and 180km to the 

mouth of the Fraser and Discovery Islands, respectively. 
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Methods  

We assessed size-selective mortality (SSM) by comparing the size distribution of one-year-old Chilko 

Lake sockeye salmon at three different locations along their migratory corridor.  

 

SSM in freshwater was assessed by comparing the size distribution of smolts outmigrating from the outlet 

of Chilko Lake, to the size distribution observed at Mission, after accounting for downstream migration 

time (five days on average, Stevenson et al, 2018), subsequently referred to as the “lagged size”. Since 

somatic growth during this period is likely minimal in the absence of SSM, the size distribution observed 

at Mission should be equivalent to the lagged size distribution (i.e. the mean smolt size at Mission on day 

t+5 is expected to be similar to mean smolt size at the Chilko Lake outlet on Day t). SSM in the Strait of 

Georgia was assessed by comparing the size of the smolts at Mission with the estimated size at ocean 

entry of juveniles caught at the Discovery Islands. We assumed that smolts sampled at Mission would 

have entered the Strait of Georgia within the same day.  

 

Fish body size is related to otolith size (Campana and Neilson 1985), and the timing of ocean entry can be 

estimated using otolith microstructure (Freshwater et al. 2015, Godbout et al. 2018). Therefore, we tested 

for differences in the otolith radius of smolts sampled at Mission and the otolith radius at ocean entry of 

juveniles caught at the Discovery Islands as a proxy for differences in size distribution. The date of ocean 

entry of the juveniles caught at the Discovery Islands was estimated as the date of capture minus the 

number of marine daily increments.  

 

Otolith work was performed in our otolith laboratory at the Pacific Biological Station in Nanaimo. 

Otoliths of juvenile sockeye salmon caught at sea were mounted medial face (sulcus side) up in 

thermoplastic resin, and then ground using successively finer grits (Buehler 600 grit and/or commercial 

1500 wet/dry paper to grind or sand, and Buehler 1200 grit to polish) until the growth plane of the 

increments in the dorsal field of the otolith was exposed. The otolith was then flipped and lightly polished 

to improve transparency then flipped again to polish the medial face, if required. Measurement of the 

otolith radius at ocean entry was made dorsal and perpendicular to the anterior-posterior centerline of the 

otolith at 200X or 500X using IMAGE PRO 9.3. Otoliths of sockeye smolts caught at Mission were 

treated similarly to those of the juveniles caught at sea, except they were usually ground on one side and 

the radius was measured using either a compound microscope at 200X or a stereoscope microscope at ~ 

64X.  
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Statistical Analysis  

In the case of size-selective mortality directed toward smaller individuals, we expect the mean size to be 

higher and the variance to be lower after mortality has occurred (i.e. Mission vs. the Chilko Lake outlet, 

Discovery Islands vs. Mission (Sogard 1997, Beacham et al. 2018). To account for size-dependent 

differences in migration timing, we constrained our analysis to individuals that would have entered the 

marine environment during the same week. Samples from two or more weeks were combined when size 

distributions were not significantly different based on a Kolmogorov–Smirnov test (KST) or Kruskal–

Wallis test with Dunn’s test for post-hoc multiple comparison test. respectively (Sprent and Smeeton 

2007, Zar 2010). We assessed SSM by testing for equality of the mean and variance of the size 

distribution between the two locations using a t-test and F-test (PROC TTEST, SAS Institute INC). We 

used a modified t-test (Satterthwaite) to test for difference in the means when variances were unequal. 

 

Our statistical analysis of SSM is solely based on measured fork length when testing for SSM in 

freshwater, on measured otolith radius from a random sample of the smolts caught at Mission, and on 

measured otolith radius at ocean entry from a random sample of the juveniles caught at sea when testing 

for SSM in the ocean). Exceptionnally, in week 18 of 2016, with the absence of measurement, we used 

predicted otolith radii of the smolts at Mission from a relationship between measured otolith radius and 

fork length of the smolts caught at Mission in weeks 16 and 17. Also to illustrate the size distribution of 

all the smolts in any given week(s), we presented the size distribution of the predicted otolith radius of all 

the smolts caught in different week(s) and results from statistical test. In 2014, the relationship between 

otolith radius and fork length was built based on smolts that were collected both at the lake outlet and at 

Mission.  

 

Data         

Abundance and size data for Chilko Lake sockeye salmon were available at three locations (Chilko Lake 

outlet, Mission, and Discovery Islands) in 2014 and 2016, and at only two locations (Mission and 

Discovery Islands) in 2015. All analyses were restricted to age one juveniles. 

Chilko Lake Outlet 

In 2014 and 2016, smolts were enumerated daily using a fence at the outlet of Chilko Lake. A random 

sample of smolts (N ~300) collected daily was measured and aged to estimate the size at age one and two 

(Brian Leaf, DFO, pers. comm.). “In 2015, due to high water flow preventing use of the fence, daily smolt 

counts were acquired by operating an 8-foot rotary screw trap approximately 2 km downstream of the 
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fence site (Scott Decker, DFO, pers. comm.) however, these smolt estimates are not considered reliable 

(DFO 2018) and daily smolt size data was not available. Smolt peak date of outmigration based on daily 

counts and statistics on fork length of the one-year-old sockeye salmon smolts are presented in Table 1a. 

Statistics on fork length of the two-year-old are presented in Table 1b. 

Mission  

From 2014 to 2016, smolts were collected at Mission for 24 hrs once every four days using a mobile 2.4m 

rotary screw trap. Smolts caught at Mission in 2014 and 2016 were first assigned an age based on the fork 

length distribution of the one and two-year-old smolts collected at the outlet (Table 1a,b) and later 

confirmed when otolith radii were measured. Smolt counts at Mission have not yet been corrected for 

flow and discharge (T. Whitehouse, J. Tadey DFO, Per. Comm.). Therefore, the peak dates of 

outmigration (Table 2a) based on uncorrected counts should be considered preliminary. We assumed that 

the rotary screw trap sampled a representative portion of the population each year. 

Discovery Islands 

From 2014 to 2016, juveniles were sampled near the Discovery Islands using a purse seine with a small 

mesh (300m by 20m with a 0.6cm mesh bunt) (Neville et al. 2016). Fishing was conducted on two days 

every week from mid-May to mid-July in each year. Ages were assigned based on fork length once a 

subset of individuals had been aged using otoliths. The survey design remained the same over the three 

years, and we assumed that the survey sampled a representative portion of the population easch year. The 

peak outmigration dates at the Discovery Islands based on CPUE (Table 2b) were provided by Chrys 

Neville ( PBS, DFO, Per. Comm.). 

Sample Selection 

Daily counts of Chilko Lake sockeye salmon smolts and juveniles at the outlet of Chilko Lake, Mission, 

and at Discovery Islands are presented in Appendix A1- A3. 

Sockeye salmon captured at Mission and at Discovery Islands were assigned to Fraser River populations 

using microsatellite markers and genetic stock identification techniques (Beacham et al. 2005). Only 

individuals with an estimated probability greater than 70% of originating from Chilko Lake populations 

were retained for this analysis.  

Otolith measurements were performed on samples selected at random within each capture week (Table 

2a,b). A larger sample size was taken in the week identified as the peak outmigration week. Otolith radius 

or otolith radius at ocean entry was measured for a total of 614 Chilko Lake sockeye salmon smolts or 

juveniles (Table 2a,b). 
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Results 

2014   

Chilko Lake Outlet (lagged) vs. Mission  

Lagged size distributions of the smolts at the Chilko Lake outlet in weeks 16 to 20 inclusive, assuming a 

5-day travel time are presented in Figure A4. The bulk (>90%) of Chilko Lake sockeye salmon smolts 

captured at Mission was during week 16 to 18 (inclusive) and were combined, as there was no significant 

difference in the observed mean smolt size at Mission for that period (F:0.70 P>F 0.49) and variances 

were equal (Levene’s Test F:0.43 Prob>F 0.58) (Figure A5). Given the very small difference in the 

lagged mean size at Mission for weeks 16 to 18 (< 1mm), fork length data were combined and compared 

with that observed at Mission for weeks 16 to 18 (Figure 2). Mean and variance of the observed size at 

Mission were significantly smaller than that of the lagged distribution (assuming no SSM and no growth) 

( t=-8.53, Pr>t= <.0001, F= 1.26 Prob>F =0.04, respectively, Table 3). Although the difference in mean 

size is small (< 4mm) it suggests that there were fewer large smolts at Mission than expected. 

Mission vs. Discovery Islands  

The small sample size of Chilko Lake juveniles caught in Discovery Islands in weeks corresponding to 

those captured at Mission was too low (ex. week 19 n=23 vs. n=6) and limited our ability to test for SSM 

(Figure A6).  

 

2015  

Chilko Lake Outlet vs. Mission  

In the the absence of reliable smolt count and size data at the Chilko Lake outlet in 2015, we were unable 

to assess SSM between the outlet and Mission.  

Mission vs. Discovery Islands  

The bulk of the smolts collected at Mission were caught in week 16 and 17 (Figure 3a) while the bulk of 

the juveniles caught in Discovery Islands had entered the ocean mainly in week 17 (Figure 3b). Otolith 

radius of a smolt sample caught at Mission in weeks 16 and 17 came from the same distribution (KSt 

D=0.21 Z=0.94 exact Prob >|D| 0.28) (Figure A7a) and were combined.1 Similarly, otolith radius at ocean 

entry of the juveniles caught in Discovery Islands that entered the ocean in week 16 were not significantly 

                                                      
1 The distribution of the predicted otolith radius of all the smolts in week 16 and 17 are presented in Figure A7b. 
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different than those that entered the ocean in week 17 (D==0.25 Z=1.12 Exact-Prob > |D| 0.12) (Figure 

A8) and were combined. 

Mean otolith radius at ocean entry of juveniles that entered the ocean in week 16 and 17 (mean: 569.8 μm 

vs. 563.1 μm) was greater than the otolith radius of smolts collected at Mission for the same period; 

however, these differences were not statistically significant (T=-1.82 Pr>T=0.07) (Figure 4b and c, Table 

3). Estimates of variance in otolith radius for the two groups were also similar ( F=1.03 Prob>.F 0.88) 

(Figure 4b and c).  

 

2016 

The lagged smolts count at the Chilko Lake outlet peaked in weeks 17 and 18 at Mission, which 

correspond in part (week 17) to that observed at Mission, and matched the peak weeks at ocean entry of 

the juveniles caught in Discovery Islands (Figure 5).  

Mean lagged fork length declined from weeks 16 to 19, but the difference was relatively small (~7.3 mm) 

(Figure A9). Measured otolith radius of smolts sampled during weeks 16 and 17 and predicted otolith 

radius of all the smolts caught during weeks 16 to 18 at Mission are presented in Figures A10a and b, 

respectively. Otolith radius at ocean entry of the juveniles caught in Discovery Islands is presented in 

Figure A11.  

Chilko Lake Outlet vs. Mission 

Mean lagged fork length from weeks 16 to 18 came from different distributions (Chi-Square 279.2 

P>Chi-square 2.3E-61) and were significantly different from each other2. Comparison of the mean and 

variance was therefore on a weekly basis (Table 3). 

In week 16, mean lagged fork length was ~6.4 mm larger (t= -10.6 Prob <t =0.0001) and variance (46 vs. 

28) greater (F=1.64 Pr>F=0.0025), than that observed at Mission (Figure 6 and Table 3). Mean lagged 

fork length in weeks 17 (79.6mm vs. 78.4mm) and 18 (77.6mm vs. 74.9mm) were significantly different 

than that observed at Mission (t=2.13 P>t =0.03, t=-2.97 P>t <0.0001), respectively (Figure 6 and Table 

3). Variance of the lagged fork length in weeks 17 (53.5 vs. 54) and 18 (63.7 vs. 56) were not 

significantly different from estimates of variance at Mission (F=1.02 P> F 0.86, F=1.14 P>F 0.48) in their 

respective week (Figure 6 and Table 3).  

 

                                                      
2  16 vs 17: Z=6.4 P>Z 4.0E-1, 16 vs.18: Z=16.4 P>Z 9.8E-6, 17 vs18:Z=10.7 P>Z 4.4E-2 
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Mission vs. Discovery Islands  

The otolith radius distribution of smolts captured at Mission and the otolith radius at ocean entry 

distribution of juveniles captured in Discovery Islands (weeks 17 and 18) is presented in Figure 7 and 8. 

Mean (580.4 µm) and variance (1327) of otolith radius at ocean entry of the juveniles that entered the 

ocean in week 17 was similar to that measured from a smolts sample caught at Mission the same week 

(584.3 µm, t=0.58 Prob >t 0.56, 1273,  F=0.21 Prob > F 0.88 (Fig 7c and d, Table 3)3. 

In absence of measured otolith radius in week 18 at Mission, we used predicted otolith radius from the 

2016 relationship between otolith radius and fork length. Mean otolith radius at ocean entry of the 

juveniles caught in Discovery Islands that entered the ocean in week 18 (566.6 µm) was similar to that 

predicted at Mission the same week (565.0 µm) (t=-0.04 Prob >F =0.96)4 (Figure 8 bc). Variance in 

otolith radius at ocean entry of juveniles caught in the Discovery Islands was significantly greater than the 

predicted otolith radius of the smolts caught at Mission in week 18 (F=1.86.6 Prob > F 0.02, Table 3). 

Discussion / Summary  

Trend in Smolt Size Outmigration 
 
The tendency for larger smolts to outmigrate earlier in the season seems to be related to smolt size (and 

population size) and variability in smolt size. The 2016 smolts were smaller (mean 78 mm) than in 2014 

(mean 94 mm) but more variable in size (Figure 9). In 2014, smolts’ size was large throughout the 

outmigration period and did not show a temporal trend (Figure A4). In contrast to 2014, there was a trend 

in outmigrating smolt size in 2016, i.e. larger smolts outmigrated earlier (Figure A9).  

 

Size-Selective Mortality 

Chilko Lake Outlet vs. Mission  
 
There is no evidence of higher mortality of smaller smolts during their migration between Chilko Lake 

and Mission in both 2014 and 2016. On the contrary, in 2014 larger smolts were underrepresented at 

Mission in that the mean and variance of smolt size tended to be smaller at Mission than that of the lagged 

smolts (Table 3). It is unclear if this is the result of predation on larger smolts or size-selective sampling 

                                                      
3 Mean and variance of otolith radius at ocean entry of the juveniles that entered the ocean in week 17 was similarto 
that predicted (based on all the smolts captured, 582.3 µm t= -0.29 P >t 0.77) and to the lagged smolts size (587.6 
µm) (Figure 7b and a).  
4 the lagged predicted otolith radius (Figure 8 a). 
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by the rotary screw trap at Mission. In the first 13km where predation is known to be substantial (Clark et 

al. 2016, Furey et al. 2016), survival of larger smolts was only 53% (age two smolts mean size 128 mm, 

1sd 5.7) compared to 76% for the smaller smolts (age one smolt mean size 93 1sd 3.8) (Stevenson et al. 

2018).  On the other hand, higher tag burden of the age two (10.7%) compared to the age one (7.3%) may 

also have affected their survival (Stevenson et al. in press).  

 

 

Misssion	vs.	Discovery	Islands		
	
With regards to SSM during the first month at sea, the difference in mean otolith radius at Mission and 

otolith radius at ocean entry of the juveniles caught at Discovery Islands in corresponding weeks was 

either contrary to the expectation of SSM in 2015, or negligable in 2016. In 2015, the mean otolith radius 

at Mission was significantly smaller by 6.7 µm than the mean otolith radius at ocean entry of juveniles 

caught in the Discovery Islands (Table 3). In 2016 in both weeks 17 and 18, the mean otolith radius at 

Mission was similar to the mean otolith radius at ocean entry of juveniles caught in the Discovery Islands 

(584.3 vs 580, 566.9 vs 566.6) (Table 3). The variance of the otolith radii at Mission were either not 

significantly different than the otolith radii at ocean entry of juveniles caught in Discovery Islands such as 

in 2015 (1084 vs. 1045), or in week 17 of 2016 (1327 vs. 1273), or when different in week 18 of 2016 

was smaller (1072 vs. 1515) (Table 3), contrary to the expectation of SSM. Hence our results based on the 

mean and variance of the otolith radii at Mission and otolith radii at ocean entry of the juveniles caught in 

Discovery Islands do not provide evidence of size-selective mortality. 

It is unlikley that the bulk of the mortality was directed toward the smaller individual, as the mean size at 

ocean entry of the fish caught at Discovery Islands was not greater and the variance smaller than those 

caught at Mission in 2015 and 2016 (Table 3). This is particularly striking in 2016 as the mortality of the 

one-year-old Chilko lake sockeye in the Strait of Georgia was very high (64%) (Stevenson et al in press).   
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Table 1a. Peak date of outmigration and population size (POP_N) of the one-year-old Chilko Lake 

sockeye salmon smolts at the lake outlet in 2014 and 2016. Fork length sample size (N_FL), mean and 

range (FL_mean(range), and variance (FL_var) of one-year sockeye smolts at the lake outlet.  

 

 

Year Peak date POP_N N_FL FL_Mean(range) FL_var 

2014 28 April (wk 17), 9 May (wk 18) 11,492,488 6,865 98.2(75-116) 35.4 

2016 23 Apr (wk 16) and 29 Apr (wk 17) 62,471,644 9,496 78.0 (55-105) 56.1 

 

 

 

1b. Population size (POP_N) of the two-year-old Chilko Lake sockeye salmon smolts at the lake outlet in 

2014 and 2016. Sample sizes (N_FL), mean and range (FL_mean(range)), and standard error (FL_se_) 

of the fork length of the two-year-old sockeye smolts at the outlet of Chilko Lake. 

 

Year POP_N N_FL FL_mean(range) FL_ se 
2014 1,075,840 

 
616 142.5(117-177) 0.43 

2016 276,449 
 

37 122.9 (109-140) 1.22 
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Table 2a. The number of one-year-old Chilko Lake sockeye salmon smolts caught at Mission (N_catch), 

with otoliths taken (N_oto_taken) and analyzed (N_analyzed) in weeks 15 to 23 of 2014, 2015, and 2016. 

All sampled individuals had a probability of being Chilko Lake sockeye salmon of at least 0.7 based on 

genetic stock identification. The number in parentheses refers to smolts caught on the peak date (N_peak). 

Orange highlighting refers to peak week and date in parentheses. 

 

Yr 
 

Capture 
Week 

N_catch (N_peak)  N_oto_taken N analyzed 

2014      
 15 1  1 1 
 16 34  11 6 
 17 33  12 6 
 18(4 May) 75(74)  19 12 
 19 7  8 6 
 20 6  7 4 

Total  156  58 35 
      

2015 14 2    
 15 4    
 16 109  61 45 
 17(29 April) 227(227)  108 102 
 18 20  20 7 
 19 2    
 20 1    

Total   365  189 154 

      
2016 15 2    

 16  82  50 20 
 17 (26 April) 171 (140)  98 77 
 18 76    
 19 11    
 20 1    
 21 1    
 22 0    
 23 1    

Total  345  148 97 
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Table 2b. The number of one-year-old Chilko Lake sockeye salmon juveniles caught in the Discovery 

Islands (N_catch), with otoliths taken (N_taken) and the number of otoliths analyzed (N_analyzed) from 

2014, 2015, and 2016 that had a probability of being Chilko Lake sockeye of at least 0.7. Orange 

highlighting refers to the peak week and date in parantheses identified by Chrys Neville (DFO, PBS, 

Nanaimo). All juveniles had a probability of being a Chilko Lake sockeye salmon of 0.7 except when 

probability was between 0.6 and 0.7 (N_prob 0.6).  

 

Yr 
 

Capture 
Week 

N_catch N_Taken 
(N_prob 0.6) 

N analyzed 

2014 21 4 1 1 
2014 22 5 1 1 

 23 (14 June) 29 25 25 
 24 17 13 13 
 25 0   
 26 2 2 2 

Total   42 42 
     

2015 21 38 44 (6) 37 
 22 (1-2June) 39 43 (4) 41 
 23 39 43(4) 35 
 24 17 20(3) 15 
 25 46 46 22 
 26 3 3 1 
 27 2 2 1 

Total  184 201 152 

     
2016 20 23 10 9 

 21 ( 24-25May) 58 53 42 
 22 46 50 (4) 30 
 23 19 10 8 
 24 23 20 5 
 25 20 12 8 
 26 2 0 0 

Total  191 155 102 
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Table 3. Means and variances of the lagged and observed smolt fork length (mm) at Mission (Lagged vs. 

Mission), and of the smolt size (O_radius) at Mission and smolt size at ocean entry (OE_radius) of the 

juveniles caught in Discovery Islands that entered the ocean the same week (Mission vs. Discovery). 

Otolith radius of the smolt (O_radius, μm) and otolith radius at ocean entry of the juveniles (OE_radius, 

μm). Signficant differences are in bold. Probablility level (  Δ p < 0.07,  p<.05, ** p<0.01, *** p<0.001). 

An underlined value indicates a predicted estimate. 

 

 

   Lagged vs. Mission Mission vs. Discovery 

   Fork length O_radius vs OE_radius 

2014 Wk(16-18) mean  98.4 94.7*   

  variance 38.5 30.6 *   

       

2015 Wk(16-17) mean   563.1 569.8Δ 

  variance    1045 1084 

       

2016 Week 16 mean 80.9 74.5***   

  variance 46.0 28.1**   

 Week 17 mean 79.6 78.4* 584.3 580.0 

  variance 53.5 54.1 1273 1327 

 Week 18 mean 77.6 74.9* 566.9 566.6 

  variance 63.7 56.1 1072 1515* 
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Figure 1. Map showing migratory route of juvenile sockeye salmon from Chilko Lake to Queen Charlotte 

Sound (QCS) via the Strait of Georgia and Discovery Islands (blue line). 

  

-128 -126 -124 -122

50

52
Chilko Lake

Mission

Discovery     
Islands     

Strait of    
Georgia    Vancouver

QCS



22 | P a g e  
 

 

 

 

 

Figure 2. Fork length distribution of the one-year old smolts a) captured at Mission, and b) time adjusted 

at the lake outlet (date at the lake outlet + 5days), assuming no size-selective mortality or growth, for 

weeks 16 to 18 in 2014.  
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Figure 3. One-year-old Chilko Lake sockeye salmon a) number of smolts caught at Mission and b) 

number of juveniles caught in the Discovery Islands that entered the ocean in weeks 14 to 20 of 2015.  
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Figure 4. One-year-old Chilko Lake sockeye salmon a) predicted otolith radius (µm) of all the smolts 

captured, b) measured otolith radius (µm) of a smolt sample during weeks 16 and 17 in 2015 at Mission, 

and c) measured otolith radius at ocean entry of the juveniles caught in the Discovery Islands that entered 

the ocean in weeks 16 and 17 in 2015. Predicted otolith radius at Mission =178.5 + 4.96FL, Adj-Rsquare: 

0.74 N=151.2 
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Figure 5. One-year-old Chilko Lake sockeye salmon a) lagged smolt count, in the absence of size-

selective mortality and growth, based on the daily count at the outlet of Chilko Lake and 5-day travel 

time, b) number of smolts collected at Mission, and c) number of juveniles caught in the Discovery 

Islands that entered the ocean in weeks 15 to 23 of 2016.  
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Figure 6. a) Observed fork length (mm) of the smolts captured at Mission (left panel) and b) lagged fork 

length (mm) of the smolts at lake outlet (right panel) of Chilko Lake sockeye salmon in 2016 during 

weeks 16 to 18. 
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Figure 7. One-year-old Chilko Lake sockeye salmon a) lagged predicted otolith radius (µm) in the 

absence of size-selective mortality and growth in week 17 of 2016, b) predicted otolith radius (µm) of all 

the smolts, c) measured otolith radius of a smolt sample (µm) captured at Mission in week 17 of 2016, 

and d) otolith radius at ocean entry (µm) of the juveniles caught in the Discovery Islands that entered the 

ocean in week 17 of 2016. Predicted otolith radius= 239.62+4.37*fl, adj-Rsquare=0.74, N=92.  
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Figure 8. One-year-old Chilko Lake sockeye salmon a) lagged predicted otolith radius (µm) in the 

absence of size-selective mortality and growth in week 18 of 2016, b) predicted otolith radius (µm) of all 

the smolts, c) measured otolith radius of a smolt sample (µm) captured at Mission in week 18 of 2016, 

and d) otolith radius at ocean entry (µm) of the juveniles caught in the Discovery Islands that entered the 

ocean in week 18 of 2016. Predicted otolith radius= 239.62+4.37*fl, adj-rsquare=0.74, N=92.  
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Figure 9. Daily coefficient of variation and mean fork length of the one-year-old smolts sampled at 

Chilko Lake outlet in 2014 and 2016. 
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Appendix  

 

Figure A1. Chilko Lake sockeye salmon smolt/juvenile counts by date at a) the lake outlet and b) Mission 

and the Discovery Islands in 2014. The number on the plots refers to sample size. The count at Mission 

and the Discovery Islands may include age two sockeye salmon. (Mission and Discovery probability 

being Chilko >.6) 
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Figure A2. Chilko Lake sockeye salmon smolt/juvenile counts by date at a) Mission and b) in the 

Discovery Islands in 2015. The number on the plots refers to sample size. The count at Mission and the 

Discovery Islands may include age two sockeye salmon. (Mission and Discovery probability of being 

Chilko >.6) 
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Figure A3. Chilko Lake sockeye salmon smolt/juvenile counts by date at a) the lake outlet and b) Mission 

and the Discovery Islands in 2014. The number on the plots refers to sample size. The count at Mission 

and in the Discovery Islands may include age two sockeye salmon. (Mission and Discovery probability of 

being Chilko >.6) 
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19 11589 100.5 29.3 -0.11 0.63 75 100 116

20 3809 97.8 36.2 -0.15 0.37 75 98 115

  

Figure A4. Lagged fork length (mm) distribution of the smolts from Chilko Lake at Mission in 2014 

during weeks 16 to 20 in the absence of size-selective mortality. Lagged smolt size at Mission is based on 

the weighted daily size of the smolts at the outlet of Chilko Lake and a 5-day travel time to Mission.  
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Figure A5. Fork length (mm) of the one-year-old Chilko Lake sockeye salmon caught at Mission in 2014 
during weeks 16 to 20.  
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Figure A6. Otolith radius (µm) of Chilko Lake sockeye salmon smolts caught at Mission during weeks 17 

to 20 (left panel) and otolith radius at ocean entry of the juveniles caught in the Discovery Islands that 

entered the ocean during weeks 17 to 20 of 2014  
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Figure A7. a) Measured otolith radius of a smolt sample (left panel) and b) predicted otolith radius of all 

one-year-old Chilko Lake sockeye salmon smolts collected in weeks 16 and 17 at Mission in 2015. 

Predicted otolith radius =178.5 +4.96FL, Adj-Rsquare: 0.74 N=151.2. 
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Figure A8. Measured otolith radius at ocean entry of the juvenile Chilko Lake sockeye salmon caught in 

the Discovery Islands that entered the ocean in 2015 during weeks 16 and 17.  
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Figure A9. Lagged fork length (mm) of Chilko Lake sockeye salmon in 2016 in the absence of size-

selective mortality and growth.  
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Figure A10. a) Measured otolith radius of smolt samples caught during weeks 16 and 17 (left panel) and 

b) predicted otolith radius of all the smolts caught during 16 to 18 (right panel) at Mission in 2016. 

Otolith radius= 239.62+4.37*fl, adj-rsquare=0.74, N=92.  The date and numbers in parentheses refer to 

the mean, minimum and maximum dates, respectively. 
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Figure A11. Measured otolith radius at ocean entry of the juvenile Chilko Lake sockeye salmon caught in 

the Discovery Islands that entered the ocean during weeks 16 to 19 in 2016. The date and numbers in 

parentheses refer to the mean, minimum and maximum dates at ocean entry, respectively.  
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