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the DH combined rate for river diversion period (i.e., 2021 – 2023; 4.5 fish/100 m) was lower than 

the average for the baseline monitoring period (i.e., 2017 – 2020; 5.6 fish/100 m).  

The 2023 combined rate for Reach 1 (0.4 fish/100 m) was lower than the Reach 1 river diversion 

phase average (8.8 fish/100 m), and the Reach 1 baseline average (1.2 fish/100 m). The Reach 1 result 

in 2023 (0.4 fish/100 m) was also much lower than the combined rate observed for Reach 1 in 2022 

(20.8 fish/100 m), which resulted from a large magnitude stranding at a single site in 2022. Results in 

Reach 2 (2.6 fish/100 m) were lower than the Reach 2 river diversion phase average (3.5 fish/100 m) 

but higher than the Reach 2 baseline average (0.4 fish/100 m).  
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Table 8. Summary of fish isolation and stranding numbers, and rates (fish/100 m), for all risk levels recorded during 

interstitial searches compared among baseline (2017 to 2020) and river diversion (2021 to 2023) years by reach. 

 

Period

# of Fish Mean Min. Max. SE # of Fish Mean Min. Max. SE # of Fish Mean Min. Max. SE

Baseline 2017 DH 6 0.7 0.0 5.6 0.6 13 1.2 0.0 6.1 0.7 19 1.8 0.0 7.1 0.9

2017 1 5 2.2 0.0 15.2 2.2 1 0.1 n/a n/a n/a 6 2.3 0.0 15.2 2.1

2017 2 5 0.3 0.0 2.2 0.2 1 0.1 n/a n/a n/a 6 0.4 0.0 2.2 0.2

2017 3 42 5.4 0.0 57.6 3.3 37 4.3 0.0 65.7 3.3 79 9.7 0.0 65.7 4.4

2018 DH 46 0.9 0.0 21.3 0.4 2 0.1 0.0 3.2 0.1 48 1.0 0.0 21.3 0.4

2018 1 16 0.5 0.0 20.0 0.3 25 0.5 0.0 27.3 0.4 41 1.0 0.0 27.3 0.6

2019 DH 0 0.0 n/a n/a n/a 0 0.0 n/a n/a n/a 0 0.0 n/a n/a n/a

2019 1 0 0.0 n/a n/a n/a 1 0.0 n/a n/a n/a 1 0.0 n/a n/a n/a

2019 2 6 0.1 0.0 1.7 0.0 15 0.3 0.0 12.0 0.2 21 0.4 0.0 12.0 0.3

2020 DH 218 4.7 0.0 135.0 2.9 603 10.8 0.0 193.0 4.4 821 15.5 0.0 328.0 7.2

2020 1 0 0.0 n/a n/a n/a 62 5.3 0.0 18.6 2.1 62 5.3 0.0 18.6 2.1

2017-2020 DH 270 2.0 0.0 135.0 1.0 618 3.7 0.0 193.0 1.5 888 5.6 0.0 328.0 2.4

All 1 21 0.4 0.0 20.0 0.2 89 0.8 0.0 27.3 0.3 110 1.2 0.0 27.3 0.4

All 2 11 0.1 0.0 2.2 0.1 16 0.3 0.0 12.0 0.2 27 0.4 0.0 12.0 0.2

All 3 42 5.4 0.0 57.6 3.3 37 4.3 0.0 65.7 3.3 79 9.7 0.0 65.7 4.4

2021 DH 38 0.8 0.0 40.0 0.5 45 1.0 0.0 40.0 0.5 83 1.7 0.0 60.0 0.9

1 23 0.9 0.0 17.4 0.8 61 4.3 0.0 60.0 3.0 84 5.2 0.0 60.0 3.1

2 100 4.3 0.0 100.0 4.3 92 3.4 0.0 42.5 1.9 192 7.7 0.0 100.0 4.6

2022 DH 16 2.0 0.0 10.0 1.4 27 3.4 0.0 12.0 1.9 43 5.4 0.0 18.0 3.5

1 3 0.2 0.0 1.0 0.1 414 20.6 0.0 238.8 19.8 417 20.8 0.0 239.4 19.8

2 0 0.0 0.0 0.0 0.0 1 0.1 0.0 1.0 0.1 1 0.1 0.0 1.0 0.0

2023 DH 0 0.0 0.0 0.0 0.0 25 6.3 0.0 18.0 4.3 25 6.3 0.0 18.0 3.0

1 0 0.0 0.0 0.0 0.0 4 0.4 0.0 4.0 0.4 4 0.4 0.0 4.0 0.2

2 16 0.5 0.0 8.0 0.5 50 2.1 0.0 10.0 0.9 66 2.6 0.0 18.0 0.7

2021-2023 DH 54 0.9 0.0 40.0 0.6 97 3.5 0.0 40.0 2.2 151 4.5 0.0 60.0 2.5

1 26 0.4 0.0 17.4 0.3 479 8.4 0.0 238.8 7.7 505 8.8 0.0 239.4 7.7

2 116 1.6 0.0 100.0 1.6 143 1.8 0.0 42.5 0.9 259 3.5 0.0 100.0 1.8

1
 Combined stranded and isolated fish.

Note: DH=Diversion Headpond, SE=Standard Error

River 

Diversion 

Phase

Year Reach Isolation Rate (fish/100 m) Stranding Rate (fish/100 m) Total Observed (fish/100 m)
1



Site C Mon-12 Fish Stranding Monitoring Program 2023 – Year 9 Page 19 

1200-30 

4.3.2. Pool Sampling 

Pool sampling results for each year during the baseline period (2017 to 2020) are shown along with 

the river diversion phase of the construction period (2021-2023) in Table 9. Isolation rates in the DH 

(2.0 fish/100 m2) were lower than other years of the river diversion phase, though higher than the 

baseline period (1.3 fish/100 m2). Isolation rates were lower in Reach 1 (0.0 fish/100 m2) compared 

to any previous year, including both baseline and construction monitoring. In 2023, the isolation rate 

for Reach 2 was elevated (9.7 fish/100 m2) compared to baseline years (1.3 fish/100 m2). 

Table 9. Summary of fish isolated in pools in baseline (2017 to 2020) and construction 

(2021 and 2023) years, by reach.  

 

 

Period Year

# of Fish Mean Min Max SE

Baseline 2017 DH 19 2.0 0.0 11.5 0.9

1 42 2.5 0.0 7.0 1.0

2 18 1.0 0.0 6.6 0.5

3 71 1.8 0.0 20.9 0.8

2018 DH 59 1.3 0.0 9.3 0.4

1 63 0.9 0.0 8.9 0.4

2019 DH 7 0.3 0.0 1.4 0.1

1 14 0.6 0.0 3.2 0.2

2 36 1.5 0.0 14.7 0.6

2020 DH 58 1.7 0.0 6.0 0.7

1 40 1.1 0.0 5.3 1.0

2017-2020 DH 143 1.3 0.0 11.5 0.3

1 159 1.1 0.0 8.9 0.3

2 54 1.3 0.0 14.7 0.5

3 71 1.8 0.0 20.9 0.8

2021 DH 635 8.3 0.0 79.7 3.5

1 36 3.2 0.0 11.9 2.2

2 72 8.0 0.0 24.3 4.9

OC 4 2.3 0.0 8.0 1.5

2022 DH 7 24.8 0.0 63.2 6.6

1 9 4.3 1.9 9.0 0.9

2 1 0.8 0.0 3.4 0.3

2023 DH 2 2.0 2.0 2.0 -

1 0 0.0 0.0 0.0 0.0

2 29 9.7 1.0 19.0 2.9

2021-2023 DH 644 9.5 0.0 79.7 3.5

1 45 2.1 0.0 11.9 1.0

2 102 3.9 0.0 24.3 2.4

Reach Isolation Rate (Fish/100 m
2
)

Note: DH=Diversion Headpond, OC = Offset Channel, SE=Standard Error, "-" = not 

calculated 

River 

Diversion 

Phase
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5. DISCUSSION 

5.1. Annual Results 

When compared to baseline years, the ramping events measured at PAP in 2023 were similar to 2019 

and 2020, while 2017 and 2018 had larger magnitude events (Whelan et al. 2023). In 2019 and 2020, 

total flow declines seldomly exceeded 750 m3/s, and stage changes were generally less than 20 cm/hr. 

In 2017 and 2018, ramping events nearly always exceeded flow declines of 750 m3/s, and stage declines 

of -20 cm/hr. These flow and stage change rates were not exceeded in 2021 or 2022, while two of the 

three monitored ramping events in 2023 had minor exceedances of these rates. The number of 

planned events in 2023 was limited (3 events in April); while further ramping events did occur 

(Figure 1), they were unplanned, with little notice, and of short duration. For these reasons it was not 

feasible to mobilize crews to site to conduct searches before the flow rebounded. 

Results collected to date indicate that the combined stranding rate in the DH during the river diversion 

phase of construction has not increased relative to baseline years. In 2023 the combined interstitial 

stranding and isolation rate in the DH was 6.3 fish/100 m; the 2023 value is higher than individual 

year results for 2017 through 2019 (0.0 – 1.8 fish/100 m), but lower than 2020 (15.5 fish/100 m). 

With the inclusion of 2023 monitoring, the average combined rate in the DH for the river diversion 

phase to date (2021 – 2023; 4.5 fish/100 m) increased compared to the value calculated in the previous 

year of reporting (2021 – 2022; 2.2 fish/100 m; Whelan et al. 2024) but was lower than the average for 

the baseline period (2017 – 2020; 5.6 fish/100 m). The reason for the increase in DH stranding rate 

between 2022 and 2023 is uncertain; however, no clear link to dam operations exists, as the two years 

featured similar scale ramping events, at the same time of the year, with similar search effort. Some 

uncertainty with conclusions remains as stranding during unplanned events has not been quantified. 

The stranding rates for Reaches 1 and 2 were relatively low in 2023 (0.4 and 2.6 fish/100 m 

respectively), and within the range of rates observed in baseline years. Monitoring will continue 

through the river diversion phase to evaluate whether the combined rate in the DH remains lower 

than baseline. 

In 2023 searches were made at the site where high stranding rates of Mountain Whitefish had been 

observed in 2022 (PCR-R1SD-MC110.8) (Whelan et al. 2024). The 2023 searches occurred on similar 

dates (e.g., mid-April) with levels of effort comparable to 2022; in total four fish were observed at this 

site in 2023. This suggests the high number of stranded fish observed at this site (400 fish) in 2022 

may have been an anomaly resulting from unusual circumstances (i.e., Mountain Whitefish upstream 

spawning area, larval dispersal, and timing of specific flow patterns). This site will be searched in 2024, 

along with additional sites with similar habitat attributes, to monitor for future potential occurrences 

of high stranding. 

The proportion of stranding observations made up by Mountain Whitefish YOY have increased 

between the baseline and river diversion periods, and have constituted the majority of stranding 

observations in the river diversion period. Across all reaches, stranded Mountain Whitefish YOY 

observations increased from 3% of total observed fish during the baseline monitoring period (2017 
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to 2020) to 72% of total observed fish in the river diversion period (2021 – 2023). It is likely that the 

increase in Mountain Whitefish YOY stranding is related to ramping event timing and site locations. 

In the baseline period, searches were conducted from July to October, while in 2022 and 2023 searches 

were limited to April, due to fewer planned ramping events; additionally, sites were located near an 

area enhanced (Site 109L) to benefit Mountain Whitefish spawning (Golder 2020). Mountain 

Whitefish eggs incubate over the winter and emerge in early spring. Recently emerged Mountain 

Whitefish have a small body size (16 mm to 20 mm; McPhail 2007), are poor swimmers, and move to 

stream margins and backwaters to rear (Davies and Thompson 1976). These attributes increase 

stranding risk compared to larger bodied fish (Nagrodski et al. 2012).  

5.2. Management Hypotheses 

H1: During Project construction, fish stranding in the Diversion Headpond increases relative 

to baseline conditions.  

o After three years of monitoring during the river diversion phase of construction, 

results indicate that the combined interstitial stranding and isolation rate for the DH 

is lower than baseline conditions. 

Management hypothesis two to four will be evaluated during the operational period. 

6. CONCLUSION 

This report represents the 2023 monitoring for the Site C Fish Stranding Monitoring Program during 

the river diversion phase of construction. This is the third year of monitoring since the river diversion 

phase began in October 2020. Monitoring will continue in future years to determine if changes to 

stranding risk occur between baseline, river diversion, and operations. Monitoring in 2024 will target 

the Diversion Headpond and Reaches 1 to 3.  
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Map 1. Overview map of the study area overlaid with fish stranding risk based on channel delineation and mesohabitat 

type.  

Map 1 
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