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C.1 INTRODUCTION 

As described in the main report (Section 4), characterizing length-mercury relationships are 

critical to understand mercury concentrations in fish by facilitating comparisons over time or 

space. This approach enables the estimation of mercury concentrations for specific 

"standardized" sizes1 for each species/location/year combination, which provides a more 

intuitive means of tracking changes across space and time.  

Rather than fish weight, which can vary depending on when a fish last ate, length is typically 

used instead as it can be accurately measured and is inherently less variable. Once developed, 

the length-mercury relationships can be used to estimate tissue mercury concentrations for 

several standardized sizes for each species/location/year combination. Comparing mercury 

concentrations at standardized sizes of each species are informative of the difference and/or 

change in fish mercury concentrations (across space and time). 

This appendix provides details regarding: 

• Coarse outlier screening (Section C.1.1) – this process screens for data outliers for three 

key relationships: length vs weight, nitrogen stable isotopes vs tissue mercury, and 

length vs tissue mercury. 

• Modelling length-mercury relationships (Section C.1.2) – this section provides an 

overview of the model-fitting process used to estimate tissue mercury concentrations 

for specific fish sizes for various species/location/period combinations. 

• Results for targeted MMP species (Sections C.2 to C.7) – these sections provide detailed 

results for each target species. 

• Results for non-target species (Section C.8) – this section presents available mercury-

related results for non-targeted species. 

 

 

1 Historically, fish mercury concentrations were compared among sampled populations or sampling events using species-specific 

means (or averages). The major limitation of that approach was potential bias in the calculated mean when the sizes of fish caught 

differed across locations and/or years. Once this was realized, fish mercury researchers avoided this potential bias by using the size- 

or age-mercury relationships to estimate mercury concentrations for a specific sized fish (i.e., the “standardized” size). Where 

supported by the data, we now use several standardized sizes to provide a more complete understanding of fish mercury 

concentrations. 
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C.1.1 Coarse Outlier Screening 

After completing the data quality assessment for the new data (i.e., 2021 and 2022; see 

Appendix A for details), the dataset was put through a coarse outlier identification process. 

Specifically, outliers were identified using three key relationships: length vs weight, nitrogen 

stable isotope ratios vs mercury concentrations, and length vs mercury concentrations.  

Two types of outliers were identified and screened out in this process: ‘High Residual’ points 

(studentized residuals ≥ 4) and ‘High Leverage’ points (Cook's distance ≥ 0.5). This process 

resulted in exclusion of 20 unique fish samples from further analysis (Table C1-1); note that 

some fish identified more than once. The number of fish available across sampling Sections and 

years in Peace River (after removal of the coarse outliers) are provided in Table C1-2 and Table 

C1-3, respectively. Tissue mercury concentrations varied substantially among species (Figure 

C1-1), with the highest in Walleye (sampled downstream only), followed by Bull Trout and non-

target species Goldeye, Burbot, and Northern Pike. 

C.1.2 Modelling Length-Mercury Relationships 

As described in Section 4 of the Main Report, the MMP study design has three key elements: 

• Targeted Species – Bull Trout, Longnose Sucker, Mountain Whitefish, Rainbow Trout, 

Walleye, and Redside Shiner 

• Sampling Periods – fish sampling periods occurred in years 2008, 2010, 2011, 2017, 

2018, 2019, 2020, 2021, and 2022. All these years represent pre-flood conditions in the 

Peace River; reservoir filling is currently scheduled for fall 2024. 

• Sampling Locations – MMP fish sampling locations include Sections 1/3, 5, 7, 9 of the 

Peace River. 

As described in detail in the MMP (BC Hydro 2022), fish mercury concentrations within the Site C 

reservoir are expected to increase by an average of three to four times higher than baseline 

concentrations within 5 to 8 years after its creation before gradually declining to levels similar to 

natural lakes and rivers in the region. Downstream, potentially as far as Many Islands in Alberta, 

fish mercury concentrations were predicted to initially double, on average, before returning to a 

new baseline level. Consequently, modelling efforts are conducted by species and account for 

potential differences in the length-mercury relationships over both space and time.  

A selection of four linear models was used to fit length-mercury relationships (Table C1-4). In 

each model, the response variable was total mercury (THg) in muscle tissue (in mg/kg wet 

weight). Note that in fish most of the mercury included in THg is generally assumed to be 

methylmercury (MeHg). Fish size (fork length in mm) was the continuous covariate, which was 
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centered to species-specific standard sizes (and is referred to as "LC" in the models), thereby 

allowing direct interpretation of the regression coefficients of the models. 

The model series varied in complexity, from a simple model that assumed similar intercepts and 

slopes across locations and period, to models that allowed for intercepts and slopes to vary by 

location or time. The best fitting model was then selected and used to estimate concentrations 

of mercury at several body sizes (i.e., small, medium, and large) for different locations and 

periods. Estimated mercury concentrations were finally compared to highlight differences across 

locations and periods. The following steps provide more details about the statistical analyses: 

• Transformations – Length-mercury relationships were first plotted by species using all 

data and a combination of transformations (Y axis, X axis, and/or both) to determine the 

most suitable transformation for linear modeling. 

• Model fitting – Models of length-mercury relationships incorporated various levels of 

complexity. The first model (Fit 1: THg ~ LC) was the simplest and assumed similar 

intercepts and similar slopes. The second model (Fit 2: THg ~ LC + Location + Periods) 

considered location- and period-specific intercepts but similar slopes. The third model 

(Fit 3: THg ~ LC * Location + Period) considered period-specific intercepts and location-

specific slopes. The fourth model (Fit 3: THg ~ LC * Period + Location) considered 

location-specific intercepts and period-specific slopes. 

• Model selection – Models of length-mercury relationships were compared using Akaike’s 

Information Criterion corrected for small sample sizes (AICc; Burnham and Anderson 

2002). The model with the lowest AICc value was selected as the best (i.e., most 

plausible) model, provided that collinearity among explanatory variables was not 

problematic (i.e., variation inflation factor < 10) and visual inspection indicated 

assumptions of linear modeling were not violated (i.e., normal distribution of residuals 

and homogeneity of variance). In case of problematic collinearity and violation of 

modeling assumptions, the next best model(s) was considered and investigated to ensure 

that collinearity and modeling assumption were satisfactorily meet.  

• Outlier Identification – The best model was used to formally identify outlier(s) according 

to studentized residuals (if ≥ 4) and Cook's distance (if ≥ 0.5). If present, the outlier(s) was 

removed from the data and model fitting and selection steps were repeated to reflect 

any potential changes in the AICc ranking and the model output (e.g., parameter 

estimation). If no outlier(s) was identified, the analysis proceed to the next step. 

• Mercury estimates – The best model was eventually used to provide estimates (± 95% 

confidence intervals) of mercury concentrations at multiple species-specific body sizes. 

Mercury concentrations were estimated at small, medium, and large body sizes in all 
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levels of location (Peace River Sections) and period (sampling events/years) where 

possible, which were then visualized to facilitate spatial and temporal comparisons and 

to potentially inform health guidelines regarding subsistence consumption of fish in the 

area. 
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Table C1-1. Fish samples identified as outlier during coarse investigation. 
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Table C1-2. Counts of fish species across sampling locations in Peace River. 

  

 

Table C1-3. Counts of fish species across sampling years in Peace River. 
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Table C1-4. Models used to characterize relationships between fish size and tissue mercury 

concentrations. 
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Figure C1-1. Comparison of Peace River fish mercury concentrations (2008 – 2022) between 

river zone (Site C [Sections 1/3] vs downstream [Sections 5/7/9]; upper panels) and sampling 

periods (2022 vs earlier; lower panels. 
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C.2 BULL TROUT 

Length-mercury relationships were modelled to characterize mercury concentrations in Bull 

Trout and determine possible changes across location and period. Key notes on the methods 

and results are provided below. 

C.2.1 Data Overview 

The coarse investigation identified three unique samples as outliers (listed in Table C1-1), which 

were removed from the data prior to formal analysis. Consistent with the MMP (BC Hydro 

2022), locations were limited to Sections 1/3 and 5. All three time periods were included. The 

Bull Trout dataset is summarized in Table C2-1 (sample numbers by location/period) and Table 

C2-2 (sample numbers per size class by location/period). Key mercury-related data are shown in 

Figure C2-1 and tabulated in Table C2-3. The length-mercury relationship is shown by location 

and time period in Figure C2-2. 

C.2.2 Model fitting and Selection 

Modeling was performed using log10-transformed data of both mercury concentrations and fish 

length (centered to standard size of 550 mm fork length) according to transformation plots 

(Figure C2-3). There were only four Bull Trout samples available from Section 5 for the 2008-

2011 period, which were excluded prior modeling length-mercury relationships (Figure C2-2). 

AICc ranked Fit 3 (THg ~ LC * Location + Period) as the best model, indicating that the slope of 

the length-mercury relationships was influenced by location (Table C2-4). Formal assessment of 

residuals from Fit 3 identified two more outliers (Table C2-5); removing these changed the AICc 

values slightly (not shown) but did not affect model ranking (see Table C2-4). Detailed results for 

the final model (Fit 3) are shown in Table C2-6 (ANOVA table), Table C2-7 (coefficient estimates, 

confidence intervals and p-values) and Figure C2-4 (model diagnostics). As expected, the model 

fits generally show strong positive relationships between length and mercury concentrations. 

Visual inspection of model diagnostics showed no issues with residuals or collinearity. The final 

model had an R2 of 0.58, indicating that it explains much of the variability in the underlying data. 

C.2.3 Estimates of Mercury Concentrations 

Final model fits are shown relative to the underlying data in Figure C2-5. This model was used to 

estimate mercury concentrations and ±95% confidence intervals for three sizes (400, 550, and 

700 mm) of Bull Trout at all location-period combinations supported by existing data (Figure 

C2-6).  
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Table C2-1. Bull Trout sample numbers by location and period. 

 

 

Table C2-2. Bull Trout sample numbers by size class, location and period. 

 

 

Table C2-3. Summary of key mercury-related metrics for Bull Trout by location and period. 
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Table C2-4. Comparison of model fits for Bull Trout. 

 

 

Table C2-5. Outliers identified for Bull Trout based on the final model. 
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Table C2-6. Final model ANOVA results for Bull Trout. 

 

 

Table C2-7. Final model summary results for Bull Trout. 
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Figure C2-1. Key mercury-related data for Bull Trout. 

 

 

Figure C2-2. Length-mercury plots by location and period for Bull Trout. 
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Figure C2-3. Length-mercury plots for Bull Trout showing transformation options.  

 

Figure C2-4. Diagnostics of final model for Bull Trout. 
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Figure C2-5. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Bull Trout. 

 

Figure C2-6. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of 

Bull Trout using the best model. 
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C.3 MOUNTAIN WHITEFISH 

Length-mercury relationships were modelled to characterize mercury concentrations in 

Mountain Whitefish and determine possible changes across location and period. Key notes on 

the methods and results are provided below. 

C.3.1 Data Overview 

The coarse investigation identified three unique samples as outliers (listed in Table C1-1), which 

were removed from the data prior to formal analysis. Consistent with the MMP (BC Hydro 

2022), locations were limited to Sections 1/3, 5, 7, and 9. All three time periods were included. 

The Mountain Whitefish dataset is summarized in Table C3-1 (sample numbers by 

location/period) and Table C3-2 (sample numbers per size class by location/period). Key 

mercury-related data are shown in Figure C3-1 and tabulated in Table C3-3. The length-mercury 

relationship is shown by location and time period in Figure C3-2. 

C.3.2 Model fitting and Selection 

Modeling was performed using log10-transformed data of mercury concentrations and raw data 

of fish length (centered to standard size of 350 mm fork length) according to transformation 

plots (Figure C3-3). AICc ranked Fit 4 (THg ~ LC * Period + Location) as the best model, indicating 

that the slope of the length-mercury relationships was influenced by time (Table C3-4). Formal 

assessment of residuals from Fit 3 identified one more outlier (Table C3-5); Removing the outlier 

changed AICc values (not shown) but did not affect model ranking (see Table C3-4). Detailed 

results for the final model (Fit 4) are shown in Table C3-6 (ANOVA table), Table C3-7 (coefficient 

estimates, confidence intervals and p-values) and Figure C3-4 (model diagnostics). As expected, 

the model fits generally show strong positive relationships between length and mercury 

concentrations. Visual inspection of model diagnostics showed no issues with residuals or 

collinearity. The final model had an R2 of 0.67, indicating that it explains much of the variability 

in the underlying data. 

C.3.3 Estimates of Mercury Concentrations 

Final model fits are shown relative to the underlying data in Figure C3-5. This model was used to 

estimate mercury concentrations and ±95% confidence intervals for three sizes (275, 350, and 

425 mm) of Mountain Whitefish at all location-period combinations supported by existing data 

(Figure C3-6).
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Table C3-1. Mountain Whitefish sample numbers by location and period. 

 

 

Table C3-2. Mountain Whitefish sample numbers by size class, location and period. 
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Table C3-3. Summary of key mercury-related metrics for Mountain Whitefish by location and 

period. 
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Table C3-4. Comparison of model fits for Mountain Whitefish. 

 

 

Table C3-5. Outliers identified for Mountain Whitefish based on the final model. 
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Table C3-6. Final model ANOVA results for Mountain Whitefish. 

 

 

Table C3-7. Final model summary results for Mountain Whitefish. 
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Figure C3-1. Key mercury-related data for Mountain Whitefish. 
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Figure C3-2. Length-mercury plots by location and period for Mountain Whitefish. 
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Figure C3-3. Length-mercury plots for Mountain Whitefish showing transformation options.  

 

Figure C3-4. Diagnostics of final model for Mountain Whitefish. 
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Figure C3-5. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Mountain Whitefish. 
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Figure C3-6. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of 

Mountain Whitefish using the best model. 
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C.4 RAINBOW TROUT 

Length-mercury relationships were modelled to characterize mercury concentrations in Rainbow 

Trout and determine possible changes across location and period. Key notes on the methods 

and results are provided below. 

C.4.1 Data Overview 

The coarse investigation identified three unique samples as outliers (listed in Table C1-1 ), which 

were removed from the data prior to formal analysis. Consistent with the MMP (BC Hydro 

2022), locations were limited to Sections 1/3. All three time periods were included. The Rainbow 

Trout dataset is summarized in Table C4-1 (sample numbers by location/period) and Table C4-2 

(sample numbers per size class by location/period). Key mercury-related data are shown in 

Figure C4-1 and tabulated in Table C4-3. The length-mercury relationship is shown by location 

and time period in Figure C4-2. 

C.4.2 Model fitting and Selection 

Modeling was performed using log10-transformed data of mercury concentrations and raw data 

of fish length (centered to standard size of 300 mm fork length) according to transformation 

plots (Figure C4-3). Given that the target sampling location of the MMP for Rainbow Trout is 

Section 1-3, the location term was dropped from models that investigated length-mercury 

relationships, focusing characterization of length-mercury relationships in Rainbow Trout on 

temporal changes. AICc ranked Fit 2 (THg ~ LC + Period) as the best model, indicating that the 

slope in length-mercury relationships was not influenced by period (Table C4-4). Formal 

assessment of residuals from Fit 2 identified no more outlier (Table C4-5). Detailed results for 

the final model (Fit 2) are shown in Table C4-6 (ANOVA table), Table C4-7 (coefficient estimates, 

confidence intervals and p-values) and Figure C4-4 (model diagnostics). As expected, the model 

fits generally show strong positive relationships between length and mercury concentrations. 

Visual inspection of model diagnostics showed no issues with residuals or collinearity. The final 

model had an R2 of 0.45, indicating that it explains much of the variability in the underlying data. 

C.4.3 Estimates of Mercury Concentrations 

Final model fits are shown relative to the underlying data in Figure C4-5. This model was used to 

estimate mercury concentrations and ±95% confidence intervals for three sizes (250, 325, and 

400 mm) of Rainbow Trout at all location-period combinations supported by existing data 

(Figure C4-6). 
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Table C4-1. Rainbow Trout sample numbers by location and period. 

 

 

Table C4-2. Rainbow Trout sample numbers by size class, location and period. 

 

 

Table C4-3. Summary of key mercury-related metrics for Rainbow Trout by location and 

period. 
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Table C4-4. Comparison of model fits for Rainbow Trout. 

 

 

Table C4-5. Outliers identified for Rainbow Trout based on the final model. 
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Table C4-6. Final model ANOVA results for Rainbow Trout. 

 

 

Table C4-7. Final model summary results for Rainbow Trout. 
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Figure C4-1. Key mercury-related data for Rainbow Trout. 

 

 

Figure C4-2. Length-mercury plots by location and period for Rainbow Trout. 
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Figure C4-3. Length-mercury plots for Rainbow Trout showing transformation options.  

 

Figure C4-4. Diagnostics of final model for Rainbow Trout. 
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Figure C4-5. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Rainbow Trout. 

 

Figure C4-6. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of 

Rainbow Trout using the best model. 
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C.5 LONGNOSE SUCKER 

Length-mercury relationships were modelled to characterize mercury concentrations in 

Longnose Sucker and determine possible changes across location and period. Key notes on the 

methods and results are provided below. 

C.5.1 Data Overview 

The coarse investigation identified three unique samples as outliers (listed in Table C1-1), which 

were removed from the data prior to formal analysis. Consistent with the MMP (BC Hydro 

2022), locations were limited to Sections 1/3, 5, 7, and 9. All three time periods were included. 

The Longnose Sucker dataset is summarized in  

 

Table C5-1 (sample numbers by location/period) and Table C5-2 (sample numbers per size class 

by section/period). Key mercury-related data are shown in Figure C5-1 and tabulated in Table 

C5-3. The length-mercury relationship is shown by location and time in Figure C5-2. 

C.5.2 Model fitting and Selection 

Modeling was performed using log10-transformed data of mercury concentrations and raw data 

of fish length (centered to standard size of 350 mm fork length) according to transformation 

plots (Figure C5-3). AICc ranked Fit 4 (THg ~ LC * Period + Location) as the best model (Table 

C5-4), which was heavily overloaded as indicated by high level of variation inflation factor (> 50). 

To avoid overfitting issues, therefore, the second-best model in the AICc ranking (Fit 2: THg ~ LC 

+ Location + Period) was selected as the most plausible model in characterizing mercury 

concentrations in Longnose Sucker; the slope of the length-mercury relationships in Fit 2 was 

independent of both location and period (Table C5-4). Formal assessment of residuals from Fit 2 

identified no more outlier (Table C5-5). Detailed results for the final model (Fit 2) are shown in 

Table C5-6 (ANOVA table), Table C5-7 (coefficient estimates, confidence intervals and p-values) 

and Figure C5-4 (model diagnostics). As expected, the model fits generally show strong positive 

relationships between length and mercury concentrations. Visual inspection of model 

diagnostics showed no issues with residuals or collinearity. The final model had an R2 of 0.56, 

indicating that it explains much of the variability in the underlying data 
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C.5.3 Estimates of Mercury Concentrations 

Final model fits are shown relative to the underlying data in Figure C5-5. This model was used to 

estimate mercury concentrations and ±95% confidence intervals for three sizes (325, 375, and 

425 mm) of Longnose Sucker at all location-period combinations supported by existing data 

(Figure C5-6). 

 

Table C5-1. Longnose Sucker sample numbers by location and period. 

 

 

Table C5-2. Longnose Sucker sample numbers by size class, location and period. 
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Table C5-3. Summary of key mercury-related metrics for Longnose Sucker by location and 

period. 
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Table C5-4. Comparison of model fits for Longnose Sucker. 

 

 

Table C5-5. Outliers identified for Longnose Sucker based on the final model. 
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Table C5-6. Final model ANOVA results for Longnose Sucker. 

 

 

Table C5-7. Final model summary results for Longnose Sucker. 
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Figure C5-1. Key mercury-related data for Longnose Sucker. 
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Figure C5-2. Length-mercury plots by location and period for Longnose Sucker. 
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Figure C5-3. Length-mercury plots for Longnose Sucker showing transformation options.  

 

Figure C5-4. Diagnostics for final model for Longnose Sucker. 
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Figure C5-5. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Longnose Sucker. 
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Figure C5-6. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of 

Longnose Sucker using the best model. 
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C.6 WALLEYE 

Length-mercury relationships were modelled to characterize mercury concentrations in Walleye 

and determine possible changes across location and period. Key notes on the methods and 

results are provided below. 

C.6.1 Data Overview 

The coarse investigation identified three unique samples as outliers (listed in Table C1-1), which 

were removed from the data prior to formal analysis. Although target sampling locations of the 

MMP (BC Hydro 2022) for Walleye were Sections 7 and 9, Section 5 was also included in the 

analyses due to sufficient data availability. Given the data availability, two time periods were 

included (2017-2021 and 2022). The Walleye dataset is summarized in Table C6-1 (sample 

numbers by location/period) and Table C6-2 (sample numbers per size class by location/period). 

Key mercury-related data shown in Figure C6-1 and tabulated in Table C6-3. The length-mercury 

relationship is shown by location and time period in Figure C6-2. 

C.6.2 Model fitting and Selection 

Modeling was performed using log10-transformed data of both mercury concentrations and fish 

length (centered to standard size of 400 mm fork length) according to transformation plots 

(Figure C6-3). AICc ranked Fit 2 (THg ~ LC + Location + Period) as the best model, indicating the 

slope in length-mercury relationships was not influenced by location or period (Table C6-4). 

Formal assessment of residuals from Fit 2 identified no more outliers (Table C6-5). Detailed 

results for the final model (Fit 3) are shown in Table C6-6 (ANOVA table), Table C6-7 (coefficient 

estimates, confidence intervals and p-values) and Figure C6-4 (model diagnostics). As expected, 

the model fits generally show strong positive relationships between length and mercury 

concentrations. Visual inspection of model diagnostics showed no issues with residuals or 

collinearity. The final model had an R2 of 0.53, indicating that it explains much of the variability 

in the underlying data. 

C.6.3 Estimates of Mercury Concentrations 

Final model fits are shown relative to the underlying data in Figure C6-5. This model was used to 

estimate mercury concentrations and ±95% confidence intervals for three sizes (300, 400, and 

500 mm) of Walleye at all location-period combinations supported by existing data (Figure 

C6-6). 
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Table C6-1. Walleye sample numbers by location and period. 

 

Table C6-2. Walleye sample numbers by size class, location and period. 

 

Table C6-3. Summary of key mercury-related metrics for Walleye by location and period. 
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Table C6-4. Comparison of model fits for Walleye. 

 

 

Table C6-5. Outliers identified for Walleye based on the final model. 
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Table C6-6. Final model ANOVA results for Walleye. 

 

 

Table C6-7. Final model summary results for Walleye. 
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Figure C6-1. Key mercury-related data for Walleye. 

 

Figure C6-2. Length-mercury plots by location and period for Walleye. 
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Figure C6-3. Length-mercury plots for Walleye showing transformation options.  

 

Figure C6-4. Diagnostics of final model for Walleye. 
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Figure C6-5. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Walleye. 
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Figure C6-6. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of 

Walleye using the best model. 
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C.7 REDSIDE SHINER 

Length-mercury relationships were modelled to characterize mercury concentrations in Redside 

Shiner and determine possible changes across location and period. Key notes on the methods 

and results are provided below. 

C.7.1 Data Overview 

The coarse investigation identified three unique samples as outliers (listed in Table C1-1), which 

were removed from the data prior to formal analysis. Consistent with the MMP (BC Hydro 

2022), locations were limited to Sections 1/3, 5, 7, and 9. Redside Shiner were available from all 

three time periods, although only 12 samples were available from 2010-2011 and 2017-2021. 

The Redside Shiner dataset is summarized in Table C7-1 (sample numbers by location/period) 

and Table C7-2 (sample numbers per size class by location/period). Key mercury-related data 

are shown in Figure C7-1 and tabulated in Table C7-3. The length-mercury relationship is shown 

by location and time period and an overall visualization of fish length vs mercury concentrations 

is depicted in Figure C7-2. 

C.7.2 Model fitting and Selection 

Modeling was performed with log10-transformed data of both mercury concentrations and fish 

length (centered to standard size of 75 mm fork length) according to transformation plots 

(Figure C7-3). Due to insufficient data, especially considering fish length across sampling 

locations, analysis was performed using 2022 samples, focusing characterization of length-

mercury relationships on spatial changes (but see Section C.1.1 for temporal investigation). AICc 

ranked Fit 2 (THg ~ LC + Location) as the best model, indicating that the slope of the length-

mercury relationships was not influenced by location (Table C7-4). Formal assessment of 

residuals from Fit 2 identified one more outlier (Table C7-5); removing the outlier changed the 

AICc values slightly (not shown) but did not affect model ranking (see Table C7-4). Detailed 

results for the final model (Fit 2) are shown in Table C7-6 (ANOVA table), Table C7-7 (coefficient 

estimates, confidence intervals and p-values) and Figure C7-4 (model diagnostics). As expected, 

the model fits generally show strong positive relationships between length and mercury 

concentrations. Visual inspection of model diagnostics showed no issues with residuals or 

collinearity. The final model had an R2 of 0.51, indicating that it explains much of the variability 

in the underlying data. 
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C.7.3 Estimates of Mercury Concentrations 

Final model fits are shown relative to the underlying data in Figure C7-5. This model was used to 

estimate mercury concentrations and ±95% confidence intervals for three sizes (75, 85, and 95 

mm) of Redside Shiner at all location-period combinations supported by existing data (Figure 

C7-6). 

There were insufficient temporal data for total mercury to formally include time period in the 

characterization of length-mercury relationships for Redside Shiner. To gain some insights into 

temporal patterns, we combined total mercury and methylmercury data (Figure C7-7); the data 

looked comparable and there were samples available for each time period for Section 5. The 

data were trimmed to represent similar fish length range (85-119 mm fork length) across time 

periods. Mean tissue mercury concentrations (and standard deviations) are provided in Figure 

C7-8. 
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Table C7-1. Redside Shiner sample numbers by location and period. 

 

 

Table C7-2. Redside Shiner sample numbers by size class, location and period. 
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Table C7-3. Summary of key mercury-related metrics for Redside Shiner by location and 

period. 

 

 

Table C7-4. Comparison of model fits for Redside Shiner. 

 

 

Table C7-5. Outliers identified for Redside Shiner based on the final model. 
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Table C7-6. Final model ANOVA results for Redside Shiner. 

 

 

Table C7-7. Final model summary results for Redside Shiner. 
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Figure C7-1. Key mercury-related data for Redside Shiner. 
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Figure C7-2. Length-mercury plots by location and period for Redside Shiner. 
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Figure C7-3. Length-mercury plots for Redside Shiner showing transformation options.  

 

Figure C7-4. Diagnostics of final model for Redside Shiner. 
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Figure C7-5. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Redside Shiner. 
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Figure C7-6. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of 

Redside Shiner using the best model. 
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Figure C7-7. Length-mercury plots of raw data in Redside Shiner across location and period 

(blue circles represent total mercury concentrations and red circles represent methylmercury 

concentrations). 
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Figure C7-8. Averages (± standard deviations) of combined total mercury and methylmercury 

concentrations in Redside Shiner across period. 
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C.8 NON-TARGET SPECIES 

Tissue mercury concentrations were analyzed for non-target species that were collected on an 

opportunistic basis across sampling sections and years from Peace River. The non-target species 

include Arctic Grayling, Burbot, Goldeye, Lake Trout, Largescale Sucker, Northern Pike, and 

White Sucker. Sample sizes of these non-target species were insufficient to perform detailed 

location- and period-specific modeling similar to that in target species. Data were thus 

combined across sampling locations and periods to characterize length-mercury relationships 

and provide size-specific estimates of mercury concentrations in non-target species. Depending 

on whether or not mercury concentrations were related to fish length, statistical analyses 

followed either generic modeling or mean estimates, which are outlined below:  

Generic Modeling 

Among non-target species, data from Bubot, Largescale Sucker, Northern Pike, and White Sucker 

generally showed positive relationships between mercury concentrations and fish length. 

Statistical analyses to characterize length-mercury relationships and provide mercury estimates 

thus followed a genetic modeling approach, as described below: 

• Data & Modeling – Samples were combined across sampling locations and periods for 

each species. Length-mercury relationships were fit using a generic model (THg ~ LC), 

where THg was log10-transformed total mercury concentrations (mg/kg wet weight) and 

LC was centered fork length. 

• Mercury Estimates – The generic models were used to provide estimates (± 95% 

confidence intervals) of total mercury concentrations at multiple species-specific 

standard sizes (small, medium, and large). Given that data from all sampling locations 

and periods were combined to fit the generic models, mercury estimates are not 

location- and/or period-specific.   

Mean Estimates 

Data from the remaining target species (Arctic Grayling, Goldeye, and Lake Trout) generally 

showed no relationships between mercury concentrations and fish length. Estimates of mercury 

concentrations in these non-target species were thus simply arithmetic means (± standard 

deviations), which were calculated using data combined across sampling locations and periods. 

Detailed species-specific results regarding generic modeling or mean estimates of mercury 

concentrations are presented in the following sub-sections.  
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C.8.1 Burbot 

For Burbot, data were available from locations 1-3, 5, 7, and 9, and period 2017-2021. Location- 

and period-specific counts of samples and descriptive statistics of data are given in Table C8-1. 

An overall visualization of key mercury-related data, including length-mercury relationship, is 

depicted in Figure C8-1.  

Results of the generic length-mercury modeling using fish length centered to standard size of 

450 mm fork length and log10-transformed total mercury concentrations are provided in Table 

C8-2. The mode fit relative to the underlying data (combined across sampling locations and 

periods) as well as the generic (i.e., not location- and/or period-specific) estimates of mercury 

concentrations at three sizes (325, 450, and 575 mm) of Burbot are shown in Figure C8-2. 

Overall, the length-mercury model showed a positive relationship between fish length and 

mercury concentrations, with fish length explaining 38% of variability of mercury concentrations 

in the combined data. 
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Table C8-1. Sample sizes and descriptive data for Burbot. 

 

 

Table C8-2. Results of generic size-mercury modeling for Burbot. 
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Figure C8-1. Key mercury-related data for Burbot. 

 

 

 Figure C8-2. Model fit and underlying data along with generic mercury estimates for Burbot. 
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C.8.2 Largescale Sucker 

For Largescale Sucker, data were available from locations 1-3, 5, 7, and 9, and period 2017-2021. 

Location- and period-specific counts of samples and descriptive statistics of data are given in 

Table C8-3. An overall visualization of key mercury-related data, including length-mercury 

relationship, is depicted in Figure C8-3.  

Results of the generic length-mercury modeling using fish length centered to standard size of 

450 mm fork length and log10-transformed total mercury concentrations are provided in Table 

C8-4. The mode fit relative to the underlying data (combined across sampling locations and 

periods) as well as the generic (i.e., not location- and/or period-specific) estimates of mercury 

concentrations at three sizes (375, 420, and 550 mm) of Largescale Sucker are shown in Figure 

C8-4. Overall, the length-mercury model showed a positive relationship between fish length and 

mercury concentrations, with fish length explaining 59% of variability of mercury concentrations 

in the combined data.  
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Table C8-3. Sample sizes and descriptive data for Largescale Sucker. 

 

 

Table C8-4. Results of generic size-mercury modeling for Largescale Sucker. 
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Figure C8-3. Key mercury-related data for Largescale Sucker. 

 

 

Figure C8-4. Model fit and underlying data along with generic mercury estimates for 

Largescale Sucker. 
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C.8.3 Northern Pike 

For Northern Pike, data were available from locations 1-3, 5, 7, and 9, and period 2017-2021. 

Location- and period-specific counts of samples and descriptive statistics of data are given in 

Table C8-5. An overall visualization of key mercury-related data, including length-mercury 

relationship, is depicted in Figure C8-5.  

Results of the generic length-mercury model using fish length centered to standard size of 550 

mm fork length and log10-transformed total mercury concentrations are provided in Table C8-6. 

The mode fit relative to the underlying data (combined across sampling locations and periods) 

as well as the generic (i.e., not location- and/or period-specific) estimates of mercury 

concentrations at three sizes (400, 550, and 700 mm) of Northern Pike are shown in Figure C8-6. 

Overall, the length-mercury model showed a positive relationship between fish length and 

mercury concentrations, with fish length explaining 85% of variability of mercury concentrations 

in the combined data.  
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Table C8-5. Sample sizes and descriptive data for Northern Pike. 

 

 

Table C8-6. Results of generic size-mercury modeling for Northern Pike. 
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Figure C8-5. Key mercury-related data for Northern Pike. 

 

 

 Figure C8-6. Model fit and underlying data along with generic mercury estimates for Northern 

Pike. 
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C.8.4 White Sucker 

For White Sucker, data were available from locations 1-3, 5, 7, and 9, and period 2017-2021. 

Location- and period-specific counts of samples and descriptive statistics of data are given in 

Table C8-7. An overall visualization of key mercury-related data, including length-mercury 

relationship, is depicted in Figure C8-7.  

Results of the generic length-mercury model using fish length centered to standard size of 350 

mm fork length and log10-transformed total mercury concentrations are provided in Table C8-8. 

The mode fit relative to the underlying data (combined across sampling locations and periods) 

as well as the generic (i.e., not location- and/or period-specific) estimates of mercury 

concentrations at three sizes (325, 375, and 425 mm) of White Sucker are shown in Figure C8-8. 

Overall, the length-mercury model showed a positive relationship between fish length and 

mercury concentrations, with fish length explaining 60% of variability of mercury concentrations 

in the combined data.  



Appendix C: 

Characterization of Length-Mercury Relationships July 2024 

 83 

Table C8-7. Sample sizes and descriptive data for White Sucker. 

 

 

Table C8-8. Results of generic size-mercury modeling for White Sucker. 
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Figure C8-7. Key mercury-related data for White Sucker. 

 

 

 Figure C8-8. Model fit and underlying data along with generic mercury estimates for White 

Sucker. 
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C.8.5 Arctic Grayling 

For White Sucker, data were available from locations 1-3, 5, and 7, and periods 2017-2021 and 

2022. Location- and period-specific counts of samples and descriptive statistics of data are given 

in Table C8-9.  

An overall visualization of key mercury-related data (including length-mercury relationship), 

along with results of mean estimates for fork length and mercury concentrations relative to the 

underlying data (combined across sampling locations and periods), in Arctic Grayling are shown 

in Figure C8-9. 

 

Table C8-9. Sample sizes and descriptive data for Arctic Grayling. 
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Figure C8-9. Key mercury-related data along with mean estimates of fork length and mercury 

concentrations for Arctic Grayling. 
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C.8.6 Goldeye 

For White Sucker, data were available from locations 7 and 9, and periods 2010-2011, 2017-

2021, and 2022. Location- and period-specific counts of samples and descriptive statistics of 

data are given in Table C8-10.  

An overall visualization of key mercury-related data (including length-mercury relationship), 

along with results of mean estimates for fork length and mercury concentrations relative to the 

underlying data (combined across sampling locations and periods), in Goldeye are shown in 

Figure C8-10. 

 

Table C8-10. Sample sizes and descriptive data for Goldeye. 
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Figure C8-10. Key mercury-related data along with mean estimates of fork length and mercury 

concentrations for Goldeye. 
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C.8.7 Lake Trout 

For White Sucker, data were available from locations 1-3, 5, and 7, and period 2017-2021. 

Location- and period-specific counts of samples and descriptive statistics of data are given in 

Table C8-11.  

An overall visualization of key mercury-related data (including length-mercury relationship), 

along with results of mean estimates for fork length and mercury concentrations relative to the 

underlying data (combined across sampling locations and periods), in Lake Trout are shown in 

Figure C8-11. 

 

Table C8-11. Sample sizes and descriptive data for Lake Trout. 
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Figure C8-11. Key mercury-related data along with mean estimates of fork length and mercury 

concentrations for Lake Trout. 
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D.1 INTRODUCTION 

This appendix provides detailed methods and results for the 2022 study examining total mercury 

(THg) and methylmercury (MeHg) concentrations in fish to document baseline conditions prior 

to reservoir filling (summarized in Section 4.4 of the Main Report). In addition to looking at the 

THg-MeHg relationships for each species sampled, we looked at a number of factors to help 

explain the results including fish size, trophic level (indicated by nitrogen stable isotope ratios; 

δ15N), and carbon source (indicated by carbon stable isotope ratios; δ13C). 

D.2 MATERIALS AND METHODS 

D.2.1 Fish Tissue Laboratory Analyses 

D.2.1.1 Total Mercury and Methylmercury 

Fish tissue samples were sent to ALS Environmental, Vancouver, BC for analysis of total mercury 

and methylmercury. Total mercury was analyzed using cold vapour atomic adsorption 

spectrophotometry (CVAAS) following US EPA methods (EPA 1631). Methylmercury was 

analyzed using gas chromatograph atomic fluorescence spectroscopy (GCAFS) following US EPA 

methods (EPA 1630). Results for both analyses were reported on a wet-weight and/or dry-

weight basis; dry-weight results were converted to wet weight assuming a 78.8% moisture 

content. 

D.2.1.2 Stable Isotope Analysis 

Fish tissue samples for carbon and nitrogen stable isotope analysis (SIA) were sent to the 

University of New Brunswick Stable Isotopes in Nature Laboratory (SINLAB). Further details on 

SINLAB’s SIA methods is provided in Appendix A1. 

D.2.1.3 Data Quality Assessment 

Data quality is assessed in Appendix A of the main document. 

D.2.2 Data Analysis 

All statistical analyses and plotting were conducting using R 4.3.1 (R Core Team 2023). The data 

analysis steps of paired wet-weight tissue mercury concentrations (total mercury and 

methylmercury) were as follows: 
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• Tabulation of %MeHg (methylmercury concentrations ÷ total mercury concentrations × 

100) results for all species sampled. 

• Plotting and linear model fitting of relationships between total mercury and 

methylmercury concentrations for CORE MMP target species (Bull Trout, Longnose 

Sucker, Mountain Whitefish, Rainbow Trout, Redside Shiner, and Walleye). 

• Plotting and linear model fitting of fish length-%MeHg, δ15N-%MeHg, and δ13C-%MeHg 

relationships for CORE MMP target species. 

D.3 RESULTS AND DISCUSSION 

A total of 156 paired total mercury and methylmercury analyses were completed. A summary of 

the %MeHg results for all species sampled is presented in Table D3-1. While sampling focused 

on the six CORE MMP target species, approximately a quarter of the samples were from six non-

target species. Species-specific mean %MeHg ranged from 77% (Arctic Grayling and Rainbow 

Trout) to over 100% (Lake Trout and White Sucker). Results of %MeHg for individual fish were 

highly variable, ranging from 32% for one Bull Trout sample to nearly 114% for one Lake Trout 

sample.  

While %MeHg should not exceed 100% in theory, studies have documented greater results 

(Lescord et al., 2018; Aqdam et al., 2023). These observations can in part be related to 

underlying laboratory analyses. Because methylmercury is harder to measure, it can have higher 

laboratory variability compared to total mercury. Indeed, comparing of Quality Control field and 

laboratory duplicate samples from the 2022 MMP (Appendix A) highlights higher variability 

(relative percent differences [RPDs] were 2-3 times higher) in methylmercury measurements 

relative to total mercury measurements (Figure D3-1). 

There was a significant positive relationship between concentrations of total mercury and 

methylmercury in each and across all target species (Figure D3-2). While total mercury 

concentrations, and by proxy methylmercury concentrations, generally increase as fish get 

bigger for all target species (see examples in ‘Key mercury-related data’ plots for target species 

in Appendix C), there was no evidence that %MeHg increased with fish size (Figure D3-3). 

Interestingly, Redside Shiner actually showed a decrease in %MeHg with increasing fork length, 

although this relationship was not statistically significant. 

Similar results were seen for comparisons of %MeHg and staple isotope ratios of nitrogen 

(Figure D3-4) and carbon (Figure D3-5). Isotopic ratios of nitrogen (δ15N) reflect trophic position 

(i.e., how high up the food web a fish is feeding) and of carbon (δ13C) reflect energy pathway 
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(i.e., benthic or pelagic). Similar to fish size, total mercury concentrations (and by proxy 

[methylmercury concentrations) in fish muscle tissue have been shown to generally increase 

with higher nitrogen δ15N values (see results for Appendix C). However, %MeHg does not 

appear to be related to trophic position in the analyzed samples.  

Lescord et al (2018) found weak evidence that fish with more pelagic diets (negative δ13C values) 

had higher %MeHg, but noted that they would have expected bigger differences in %MeHg 

between species with clearly divergent dietary patterns like Walleye (primarily piscivorous) and 

shiners/suckers (primarily invertivores) if dietary shifts were responsible for the observed 

patterns. In our study, only Mountain Whitefish showed a near-statistically significant pattern in 

%MeHg relative to energy pathway (p=0.059), with higher %MeHg at lower (indicating more 

pelagic) δ13C values. However, as pointed out by Lescord et al (2018), we would expect to see 

bigger differences in %MeHg across species with notably different feeding ecology if trophic 

positions and/or energy pathways were important drivers, which was not the case (Figure D3-4 

and Figure D3-5). Average %MeHg appeared to be slightly higher in fish with littoral carbon 

signature (higher) than in fish with pelagic carbon signature (lower values) (Figure D3-6), 

although average values can be hard to interpret as they do not consider potential changes in 

feeding ecology throughout fish lifetime. 

Overall, while data from samples that were analyzed for both total mercury and methylmercury 

concentrations indicated no relationships between %MeHg and fish size, δ15N, or δ13C, they did 

indicate a significant and positive relationship between total mercury concentrations and 

methylmercury concentrations in fish muscle tissues, meaning that concentrations of 

methylmercury increased as concentrations of total mercury increased. It is possible that any 

relationship between %MeHg and these other factors could have been obscured due to the 

higher variability observed in methylmercury measurements (i.e., low signal relative to noise).  
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Table D3-1. Species-specific descriptive statistics of %MeHg in muscle tissue samples. 
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Figure D3-1. Variability of total mercury and methylmercury concentrations in laboratory and 

field duplicate samples. 
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Figure D3-2. Relationships between total mercury and methylmercury concentrations in target 

species. 
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Figure D3-3. Relationships between %MeHg and size in target species. 
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Figure D3-4. Relationships between %MeHg and nitrogen stable isotope ratios in target 

species. 
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Figure D3-5. Relationships between %MeHg and carbon stable isotope ratios in target species. 
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Figure D3-6. Average stable isotope ratios (± standard deviations) and %MeHg in target 

species. 
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Eating fish can provide 
numerous health benefits due 
to fish’s rich nutritional profile. 

• Studies have shown that 
traditional diets are healthier than 
non-traditional diets.

• Compared to other types of meat, 
fish have higher levels of good fats 
(omega-3 fats) and lower levels of 
bad fats (saturated fats).

• Fish are high in beneficial vitamins 
and minerals, like vitamin D and 
the essential elements selenium, 
and iron.

• Replacing store-bought processed 
foods with fish can help achieve a 
more balanced diet.

HEALTH BENEFITS OF EATING FISH

FISH IS GOOD 
FOR YOU 

Traditional Food

In
d

ig
en

o
u

s
Cu

ltu
re

HealthyLifestyles

In 2009 the First Nations Food, Nutrition and Environment Study concluded work in BC with the following findings:

• Fish is a culturally, spiritually, economically, and nutritionally important traditional food for many Indigenous 
Peoples in Canada.

• About half of Indigenous people in Canada face food insecurity.

• The current diet of many Indigenous people in Canada is nutritionally inadequate.

• Increased access to fish that is safe to eat can help address these issues.

FISH AS TRADITIONAL FOOD
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Mercury is a naturally occurring element that is 
found in low levels everywhere – in air, water, soil, 
plants, animals, and humans.

in NATURAL HABITATS

Bacteria in the bottom of lakes and rivers transform 
naturally occurring mercury into methylmercury (MeHg; 
see figure).

Methylmercury levels naturally increase up the food chain. 
Predatory fish have higher levels of methylmercury than 
fish lower down the food chain. That’s why Lake Trout, Bull 
Trout and Walleye have more methylmercury than 
Kokanee, Mountain Whitefish or Rainbow Trout.

BIOMAGNIFICATION UP THE FOOD CHAIN

Larger, older fish of all species 
accumulate higher concentrations 
of methylmercury in their tissue 
compared to younger smaller fish 
(MeHg; see figure). 

BIOACCUMULATION IN 
OLDER FISH

MeHg

MeHg

MeHg

The amount of methylmercury in an 
animal depends on the amount and 
type of fish it eats. Non-fish-eating 
animals like moose have low levels, 
while fish-eating wildlife like loons 
can have higher methylmercury 
levels.

Humans consume small amounts of 
methylmercury when we eat fish.

For more information, scan below.

METHYLMERCURY IN 
ANIMALS

FISH 
METHYLMERCURY

MeHg

MeHg

MeHg

Bull Trout

Mountain Whitefish

Invertebrates

Plankton

Bacteria
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SITE C and changes in 

FISH 
METHYLMERCURY

Currently, Peace River fish have low methylmercury levels, similar to 
other B.C. water bodies. 

The creation of the Site C reservoir will lead to an initial increase in 
methylmercury as bacteria decompose organic material, converting 
inorganic mercury to methylmercury. 

Over the years, as organic matter diminishes, methylmercury 
production will slow, causing levels to drop across the food chain. 

RESERVOIR EFFECT

When the Site C reservoir is created, levels of methylmercury in fish will increase for approximately 10 years. Tissue 
methylmercury concentrations of fish in the reservoir are predicted to increase by 3-4 times current levels, while 
concentrations in downstream fish are only expected to peak at 2x baseline (downstream of Many Islands, AB no 
increases are expected). This is followed by a decrease over the next 20-30 years to levels that are similar to natural 
lakes and rivers in the area.

The bar chart below compares baseline methylmercury concentrations to predicted peak concentrations, as well as 
concentrations in the Williston Reservoir and common retail fish.  

METHYLMERCURY INCREASES

To verify the predicted 
affects that the Site C 
project will have on fish 
methylmercury levels, BC 
Hydro is working with 
Indigenous groups, 
communities and health 
authorities to implement a 
Methylmercury Monitoring 
Plan (MMP). 

MONITORING

Comparison of methylmercury concentrations in fish.

*Refer to Health Canada for consumption guidelines for canned albacore tuna and fresh tuna: https://www.canada.ca/en/health-canada/services/food-
nutrition/food-safety/chemical-contaminants/environmental-contaminants/mercury/mercury-fish-questions-answers.html#ca2

0                      6                      12                     18                     24                     30

Years after reservoir formation

Methylmercury 

in fish tissue

(relative to baseline 

conditions)
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ICSP
FISH

CONSUMPTION

Methylmercury 
Monitoring Plan

MMP

CORE 
MMP

It is the primary MMP sampling 
program, monitoring 
methylmercury in fish in the 
Peace River at the site of the 
future Site C reservoir and 
downstream to Many Islands, 
AB. The program also monitors 
mercury in water, sediment, 
porewater, and bugs.

Potential human health risks 
from methylmercury depend not 
only on the concentration in 
fish, but also the amount of fish 
that people eat. This program 
aims to quantify fish 
consumption and establish 
guidance for how much fish is 
safe to eat. 

The ICSP is an 
Indigenous community 
methylmercury 
monitoring program 
targeting fish commonly 
consumed by people, 
but distinct from the 
sampling locations and 
species covered under 
the Core MMP.

WHAT IS THE ICSP?

WHAT IS THE CORE MMP?

WHAT IS THE CONSUMPTION 
PROGRAM?

The Methylmercury Monitoring Plan 
(MMP) was developed to measure 
changes to levels of methylmercury in 
fish after the creation of the Site C 
Reservoir and provide information on 
how much fish is safe for people to eat. 

The three components (figure right): 
the Core MMP, the Fish Consumption 
Program, and the Indigenous 
Community Sampling Program (ICSP).

The Core MMP targets six species of 
fish (see below) for mercury analysis, 
using non-lethal sampling.

WHAT IS THE MMP?

TARGET FISH FOR THE CORE MMP:

Walleye

Mountain Whitefish Longnose Sucker

Rainbow TroutBull Trout

Redside Shiner

THE

MMP
Methylmercury Monitoring Plan
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An Indigenous community methylmercury monitoring 
program that samples fish people eat, but is distinct from the 
sampling locations and species covered under the Core MMP.

THE

ICSP
Indigenous Community Sampling Program

There are three main objectives of the ICSP Program:

• Test the levels of methylmercury in fish that people eat, but 
which are not monitored in the Core MMP.

• Provide opportunities for Indigenous communities to 
participate in monitoring changes to the environment from 
the Site C Project.

• Improve food security and food sovereignty for Indigenous 
communities by building skills and knowledge related to 
methylmercury in fish.

ICSP OBJECTIVES

COMMUNITY CHAMPIONS are trained to collect 
fish tissue samples and are the link between BC 

Hydro and Indigenous communities.
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THE

ICSP
Indigenous Community Sampling Program

In 2022, the ICSP was fully implemented, 
providing baseline data on fish 
methylmercury levels before reservoir 
filling. 

Three training events were conducted at 
Northern Lights College on May 26, June 9, 
and October 13, 2022. The sessions 
covered methylmercury in reservoirs, an 
MMP overview, and hands-on training in 
fish tissue sampling.

2022 COMMUNITY ENGAGEMENT

Online
Training Video

FISH KITS

SAMPLING

RESOURCES

Each Community 
Champion received a 
“Fish Kit” for sampling.

Trained Community 
Champions sampled 
fish throughout 
summer, reporting 
data and submitting 
tissue samples for 
mercury analysis.

In 2022 and 2023, 
Azimuth created a 
“Quick Start Guide” 
and an online 
training video as 
reference guides. A 
Peace River Fish ID 
Key is also available.

4   Blueberry River First Nation

2   Dene Tha’ First Nation

4   Doig River First Nation

2   Duncan’s First Nation

2   Fort Nelson First Nation

3   Halfway River

2   Horse Lake First Nation

4   Kelly Lake Cree Nation

4   McLeod Lake Indian Band

1   Metis Nation of BC

1   Prophet River First Nation

1   Saulteau First Nation 

1   West Moberly First Nation       

CHAMPIONS TRAINED IN 2022

Fish ID 
Guide
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• Sampling from June 

through October 2022

• 3 Nations: Doig River, 

Dene Tha’, Saulteau

• 33 fish samples from 8 

species. 

• Samples from Williston 

Reservoir (3),  Moberly 

Lake (26), Peace-Smoky 

River confluence (4)

Community Champions from Doig River, Dene Tha’, 
and Saulteau First Nation collected 33 fish samples 
(listed right) above (Williston Reservoir) and below 
the Site C project area (Peace-Smoky River 
confluence) and in tributary systems (Moberly Lake).

2022 ICSP AT A GLANCE

ICSP

2022 
SAMPLES Northern Pike

Burbot

Mountain Whitefish

Lake Whitefish

Walleye

Lake Trout

Longnose Sucker

White Sucker

9

6

5

5

3

3

1

1
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ICSP

2022 
RESULTS
When the ICSP fish methylmercury data were analyzed, the 
following variables were included:

• Mercury – total mercury concentrations in fish tissues.* 

• Fork Length – fish length (nose to tail fork) was used as an 
indicator of fish size and age. 

In the following pages, mercury data are presented for each species 
sampled in the ICSP program from 2022 and 2021 compared to 
results from the Core program. Note that the graphs all use the 
same scale to help visualize mercury content across species.

DATA ANALYSIS 

Average mercury concentrations in muscle tissue for key fish 
species collected in the Core MMP (2017-2022) and ICSP (2021-
2022) programs are summarized below in descending order. 
Bug-eating species such as Rainbow Trout and Mountain 
Whitefish tend to have lower mercury levels, while fish-eating 
species higher in the food web, such as Walleye, Burbot, and 
Northern Pike, have higher mercury concentrations. 

These results are meant to provide a rough idea of the amount 
of mercury in these fish. Actual mercury concentrations will 
vary from place to place and over time, particularly once the 
reservoir is created. See the annual MMP reports for specific 
concentrations for targeted locations and species.

FISH MERCURY CONCENTRATIONS

*Note that it is assumed that all mercury in fish tissues is present as methylmercury. 
15 16
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How Much 
Fish Can I Eat?

Methylmercury occurs naturally in fish and people are exposed to 
small amounts of methylmercury when they eat fish. People can 
safely tolerate exposure to some methylmercury, but exposure to 
too much methylmercury can be harmful to the brain and nerves. 

Health Canada provides guidance on how much methylmercury 
people can be exposed to without risk of harm. These amounts 
vary, depending on a person’s age and if they are, or could be 
pregnant. 

Health Canada’s guidance on methylmercury exposure are like 
speed limits – people won’t necessarily be harmed if they exceed 
them, but it is best to keep exposure below them. 

Health Canada guidance on safe levels of 
exposure

This brochure provides information on 
how much fish a person can safely eat

15 16

Information on the amount of methylmercury in fish was used to 
calculate how many servings of fish people can eat every month 
without going over Health Canada’s safe levels of exposure for 
methylmercury. An example for Northern Pike is shown below. 

Guidance is provided for children 
less than 12 years old (C), people 
who are or could be pregnant (P), 

and others (O)

Guidance is provided for 
different lengths of fish, 

measured in millimeters or 
inches

The number of servings of fish a 
person can safely eat every 

month. 

The squares are coloured 
according to the legend to the 

left. 

People who 
regularly eat 

more than one 
type of fish 

should see the 
detailed 

guidance in 
Figure 6-1 in the 

MMP report



Walleye
OVERVIEW

• Results show a positive relationship between mercury 
concentration and fish length, meaning larger/older fish have 
higher concentrations than smaller/younger fish.

• 2022 ICSP results are consistent with the Core MMP data.

FISH MERCURY RESULTS

• Walleye, a top predator in the Peace River, primarily eats other 
fish. It’s high position in the food chain means that Walleye have 
higher levels of mercury. They are predominately found 
downstream of the Site C Dam. 

• In 2022, there were three Walleye caught at the Peace-Smoky 
River confluence (lower plot; blue points) with lengths comparable 
to fish captured in the Core MMP (grey points).

• Walleye (up to 20”) can fall into serving categories of just twice a 
month for children

• For Walleye (up to 20”) caught in the Peace River between 
Dinosaur Reservoir and Many Islands, follow consumption 
guidance based on the Core MMP (table below):

FISH CONSUMPTION GUIDANCE
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Mercury estimates from the CORE MMP in the Peace River; 
see 2022 Annual Report (Appendix F ) for details.



Burbot
OVERVIEW

• All ICSP Burbot samples to date have been collected from 
Moberly Lake. Consumption guidance for Burbot in Moberly Lake 
will be provided separately by Azimuth in 2024.

• For Burbot (up to 23”) caught in the Peace River between 
Dinosaur Reservoir and Many Islands, follow consumption 
guidance based on the Core MMP (table below):

• Burbot are bottom dwellers, more common in the lower reaches of 
the Peace study area. They are long-lived and eat other fish, 
meaning they generally contain higher levels of mercury.

• Six Burbot were caught in Moberly Lake in 2022 (lower plot; blue 
points), one which was noticeably larger than any fish captured in 
the Core MMP (grey points).

• Results show a strong positive relationship between mercury 
concentration and fish length, meaning larger/older fish have 
higher concentrations than smaller/younger fish.

• 2022 ICSP results are consistent with the Core MMP data. The 
large Burbot (868 mm) is bigger than any Core MMP fish, but we 
would expect larger Burbot to have higher mercury levels.  

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE
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Mercury estimates from the CORE MMP in the Peace River; 
see 2022 Annual Report (Appendix F ) for details.



Northern Pike
OVERVIEW

• Results show a positive relationship between mercury 
concentration and fish length.

• Only the Northern Pike Caught at the Peace-Smoky River 
confluence appears to be consistent with the Core MMP data.

• Results from Moberly Lake are not consistent with Core MMP and 
have a higher mercury concentrations for a given fish length.

• Northern Pike prefer side channel and confluence habitat along 
the Peace River. As opportunistic ambush predators, they occupy a 
high position in the food chain and have higher levels of mercury.

• 2022 Northern Pike ICSP results are shown in the plot below as 
blue points compared to Core MMP fish (grey points). Of the nine 
ICSP pike, eight were caught in Moberly Lake, and one was caught 
at the Peace-Smoky River confluence (DTFN-NP-4-BB-Oct31).

• For Pike caught in Moberly Lake, Azimuth will provide separate 
consumption advice in 2024.

• For Pike (up to 28”) caught in the Peace River between Dinosaur 
Reservoir and Many Islands, follow consumption guidance based 
on the Core MMP (table below):

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE

21 22

Photo 23

Mercury estimates from the CORE MMP in the Peace River; 
see 2022 Annual Report (Appendix F ) for details.



Lake Trout
OVERVIEW

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE

• ICSP results appear to show a positive relationship between 
mercury and fish length.

• Core MMP results do not demonstrate a positive length-mercury 
relationship.

• 2022 ICSP results are not directly comparable to the Core MMP 
results, since the ICSP fish were collected in Williston Reservoir.  

• Lake Trout are rare in the Peace River, but common in the 
upstream reservoirs. Young trout eat invertebrates, shifting to 
preying on other fish as they mature.

• Three ICSP Lake Trout were caught in the Williston Reservoir in 
2022 (lower plot; blue points) with lengths comparable to fish 
captured in the Core MMP (grey points).

• Based on FWCP findings reported in 2019, the following 
consumption guidance applies to Lake Trout from Williston 
Reservoir:
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Photo 24

Mercury estimates from the FWCP in Peace Region; see 2022 
Annual Report (Appendix F ) for details.



Bull Trout 
Sa-pa*
OVERVIEW

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE

• Results show a positive relationship between mercury 
concentration and fish length, meaning larger/older fish have 
higher concentrations than smaller/younger fish.

• 2021 ICSP results are consistent with the Core MMP data.

• Bull Trout are most abundant upstream of the Peace-Beaton 
confluence, utilizing specific spawning habitat on the Halfway River. 
As opportunistic predators, they feed on invertebrates and fish, 
altering their diet depending on prey availability.  

• No Bull Trout were caught in the 2022 ICSP program. Results from 
2021 are shown in the lower plot as faded blue points.

• For Bull Trout (up to 28”) caught in the Peace (between Dinosaur 
Reservoir and Many Islands) and Halfway Rivers, follow 
consumption guidance based on the Core MMP (table below):

*Indigenous name translated into English from the Beaver language. Names provided to BC Hydro by the Halfway River First Nation.25 26

Photo 25

Mercury estimates from the CORE MMP in the Peace River; 
see 2022 Annual Report (Appendix F ) for details.



Lake Whitefish 
Ihuwe-dak’ale*
OVERVIEW

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE

• Too few samples are available to make conclusions on length-
mercury relationships for Lake Whitefish within Moberly Lake, 
However, the tissue concentrations found in 2022 are similar to 
regional reference lakes.  

• Lake Whitefish are more common in the lakes of the Peace River 
watershed. They are bottom dwelling, feeding primarily on benthic 
invertebrates.

• ICSP results from 2022 are shown as blue points in the plot below. 
Five Lake Whitefish were caught in Moberly Lake. No data are 
available for Lake Whitefish from the Core MMP.

• Based on FWCP findings reported in 2019, the following 
consumption guidance applies to Lake Whitefish (up to 12”) and is 
applicable for Moberly Lake:

27 28

Photo 26

Mercury estimates from the FWCP in Peace Region; see 2022 
Annual Report (Appendix F ) for details.

*Indigenous name translated into English from the Beaver language. Names provided to BC Hydro by the Halfway River First Nation.



Mountain 
Whitefish
OVERVIEW

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE

• Results show a positive relationship between mercury 
concentration and fish length.

• 2021 ICSP results from the Halfway River are consistent with the 
Core MMP data.

• 2022 ICSP results from Moberly Lake are not consistent with 
Core MMP data and have higher mercury for a given fish length.

• On the Peace River, Mountain Whitefish are most common above 
the Beatton River confluence, but also occur in lakes throughout the 
region. They are bottom dwelling, feeding primarily on benthic 
invertebrates.

• Mountain Whitefish ICSP results from 2022 (labelled blue points) 
and 2021 (faded blue points) are shown with Core MMP data (grey 
points) in the plot below. Five fish were caught in 2022 in Moberly 
Lake, while three fish were caught in 2021 in the Halfway River 
watershed.  

• For Mountain Whitefish caught in Moberly Lake, Azimuth will 
provide separate consumption advice in 2024.

• For Mountain Whitefish (up to 17”) caught in the Peace River 
between Dinosaur Reservoir and Many Islands, follow 
consumption guidance based on the Core MMP (table below):
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Photo 27

Mercury estimates from the CORE MMP in the Peace River; 
see 2022 Annual Report (Appendix F ) for details.



White 
Sucker
OVERVIEW

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE

• Core MMP data show a positive length-mercury relationship. 
Larger/older fish have higher concentrations than smaller/younger 
fish. 

• 2022 ICSP results are consistent with the Core MMP data.

• White Sucker are more common below the Site C Dam, but spawn 
on tributaries throughout the Peace River. They are also common 
in lakes across the region. Suckers feed in the bottom substrate, 
eating worms, clams, and insect larva.

• In 2022 a single ICSP White Sucker was caught in Moberly Lake 
(lower plot; blue point) of comparable size to those captured in 
the Core MMP (grey points).

• For White Sucker (up to 17”) caught in the Peace River (between 
Dinosaur Reservoir and Many Islands) and Moberly Lake, follow 
consumption guidance based on the Core MMP (table below):
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Photo 28

Mercury estimates from the CORE MMP in the Peace River; 
see 2022 Annual Report (Appendix F ) for details.



Longnose 
Sucker
OVERVIEW

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE

• For Longnose Sucker (up to 17”) caught in the Peace River 
(between Dinosaur Reservoir and Many Islands) and Moberly 
Lake, follow consumption guidance based on the Core MMP (table 
below):

• Core MMP data show a positive length-mercury relationship. 
Larger/older fish have higher concentrations than 
smaller/younger fish. 

• 2022 ICSP results are consistent with the Core MMP data.

• Longnose Suckers are more common on the Peace River 
downstream of the Halfway River confluence. They are also 
common in the lakes of the region. Suckers feed in the bottom 
substrate, eating worms, clams, and insect larva.

• ICSP results from 2022 are shown as blue points in the length-
mercury plot (below). In 2022 a single Longnose Sucker was 
caught in Moberly Lake of comparable size to those captured in 
the Core MMP (grey points).
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Photo 29

Photo 29

Mercury estimates from the CORE MMP in the Peace River; 
see 2022 Annual Report (Appendix F ) for details.



Rainbow 
Trout
OVERVIEW

FISH MERCURY RESULTS

FISH CONSUMPTION GUIDANCE

• Core MMP data show a slight positive length-mercury relationship. 
Larger/older fish have higher concentrations than smaller/younger 
fish.

• Mercury concentrations for this species are generally low.

• One trout in 2021 had unusually high mercury for its size class. This 
sample is considered an outlier.

• For Rainbow Trout caught in the Peace River between Dinosaur 
Reservoir and Many Islands, follow consumption guidance based 
on the Core MMP (table below):

• Rainbow Trout are most common upstream of the Site C Dam They 
primarily eat insects like caddisflies, mayflies, and midges. Feeding 
lower on the food chain means that Rainbow Trout have lower 
levels of mercury.  

• No Rainbow Trout were caught in the 2022 ICSP. Results for nine 
fish from 2021 are shown in the plot as faded blue points. Lengths 
were comparable to fish captured in the Core MMP (grey points).
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Photo 20

Mercury estimates from the CORE MMP in the Peace River; 
see 2022 Annual Report (Appendix F ) for details.
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1 INTRODUCTION 

This appendix reports the methods and results for providing fish consumption guidance for the 2022 MMP 

report. 

2 METHODS 

The methods used to calculate fish consumption guidance were based on the approach presented in 

Appendix B of the MMP (BC Hydro 2021). The formula and input variables are described below.  

2.1 Formula and Input Variables 

The maximum number of servings a month of a particular type of fish (i.e., species, size, location) that can 

be eaten in a month without exceeding Health Canada’s (2007) provisional tolerable daily intakes (pTDI) 

for methylmercury was calculated by Equation 1. 

Equation 1 

𝑆𝑉 =  
(𝑝𝑇𝐷𝐼 × 𝐵𝑊 × 𝛿)

(𝐶  × 𝑆)
 

Where: 

SV = Number of servings of fish that can be consumed per month without exceeding the pTDI 

pTDI = provisional tolerable daily intake for methylmercury (µg/kg/day) 

BW =  Body weight (kg) 

δ =  Unit conversion constant (days/month) 

C =  Average concentration of methylmercury in fish (mg/kg wet weight) 

S =  Average serving size of fish (g wet weight) 

Values for the input variables are discussed below and summarized in Table F-1. 
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2.1.1 Tolerable Daily Intakes 

Health Canada (1996) defines the amount of oral exposure to methylmercury that a person can be 

exposed to on a daily basis for their lifetime without unacceptable risk of harm. These values are known as 

provisional tolerable daily intakes (pTDI) and they are explained in more detail in Appendix B of the MMP 

(BC Hydro 2021). The pTDI for methylmercury for the general population is 0.47 µg methylmercury/kg 

body weight/day (µg/kg/d) and the pTDI for methylmercury for people who are, or could be, pregnant and 

children less than 12 years of age is 0.2 µg/kg/d (Health Canada 2007).  

2.1.2 Body Weights and Fish Serving Sizes 

Input values for average fish serving sizes and average body weights are described in more detail in 

Appendix B of the MMP (BC Hydro 2021). Briefly: 

• Default average body weights for Canadians recommended by Health Canada (2021) were used as 

input values for body weight;  

• Default average fish servings sizes for Canadian children recommended by Health Canada (2007) 

were used as input values for average fish serving sizes for children; and, 

• Average fish servings sizes for Indigenous adults from the British Columbia regional First Nations 

Food, Nutrition, and Environment Study (Chan et al. 2011) were used as input values for average 

fish servings sizes for adults. 

2.1.3 Days per Month 

The unit conversion constant of 30 days per month was used to calculate fish consumption guidance for 

the 2022 MMP report. This is a slight deviation from the methods described in Appendix B of the MMP (BC 

Hydro 2021), which defined this input value as 30.44 days per month. We changed the input value to 30 

days per month to ensure consistency when back-calculating a maximum concentration of methylmercury 

in fish from a nominal consumption frequency expressed as a number of servings per month, when the 

number of servings is expressed as a whole number. See Section 2.4.3 for information on categories of 

nominal consumption frequencies.  

2.1.4 Guidance for Children Less than 12 Years Old 

As discussed in Appendix B of the MMP (BC Hydro 2021), there is often no practical difference, after 

rounding, between the maximum number of servings calculated for a toddler (children 6 months to 4 

years old) and a child 5 to 11 years old.  
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The maximum number of servings of fish a month for all receptor age groups across a gradient of 

concentrations of methylmercury in fish is illustrated in Figure F-1. The differences in fish consumption 

guidance between toddlers, the most sensitive age group, and child 5 to 11 years old and children less 

than 12 years old are relatively small, and become progressively smaller as concentrations of 

methylmercury in fish increase.  

The difference between servings per month for toddlers and children under 12 years old is illustrated in 

Figure F-2. The relative difference is constant, with the servings per month for children under 12 years old 

about 10% greater than the servings per month for toddlers. When expressed in absolute terms, the 

difference falls below 1 serving per month when concentrations of methylmercury in fish exceed 0.162 

ppm. The difference exceeds 4 servings per month when concentrations of methylmercury in fish fall 

below 0.04 ppm, but at these low concentrations of methylmercury in fish the consumption frequency for 

toddlers already exceeds 30 servings per month.  

Figure F-1. Servings per month for toddlers, children 5 to 11 years old, children under 12 years old, 

people who could be pregnant, and others across a gradient of concentrations of methylmercury in fish 
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Figure F-2. The difference in servings per month for toddlers and children under 12 years old across a 

gradient of concentrations of methylmercury in fish 

 

In our judgment, the benefits of simplifying the consumption guidance from four to three age groups 

outweighed the relatively small loss of precision in consumption guidance for toddlers. Therefore, rather 

than presenting separate consumption guidance for toddlers and children 5 to 11 years old, we calculated 

and presented consumption guidance for children less than 12 years old based on the following input 

parameters: 

• Body weight: 24.6 kg 

• Average fish serving size: 100 g 

• Provisional tolerable daily intake for methylmercury: 0.2 µg/kg/d 

The input parameters for body weight and average fish servings size for children less than 12 years old 

were calculated as the arithmetic mean of the input parameters for toddlers and children 5 to 11 years 

old. 
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Table F-1. Summary of input values to calculate fish consumption guidance 

Receptor pTDI (µg/kg/d) Body Weight (kg) Fish Serving Size (g) 

Toddlers 0.2 16.5 75 

Children 5 to 11 yrs old 0.2 32.9 125 

Children less than 12 yrs old 0.2 24.7 100 

Pregnant 0.2 70.7 163 

Others 0.47 70.7 163 

 

2.1.5 Concentration of Methylmercury in Fish 

Fish consumption guidance was calculated for MMP target fish species (except Redside Shiner), MMP non-

target fish species, ICSP fish, and a selection of retail fish (i.e., fish bought in stores and restaurants). 

Methods used to derive estimates of the concentration of methylmercury in these types of fish are 

described in the following sections.   

It was assumed that the concentration of total mercury in fish are also representative of the concentration 

of methylmercury in fish. The input value for the concentration methylmercury in fish is intended to be 

representative of the average concentration of methylmercury in fish that people eat over a period of 90 

days or more (i.e., chronic exposure). The more fish that a person eats, the closer the average 

concentration of methylmercury in the fish that they are eating will become to the average concentration 

of methylmercury among the underlying population of fish that they are selecting fish to eat from. 

2.1.5.1 MMP Target Fish Species 

Fish consumption guidance was calculated for all MMP target fish species except Redside Shiner (i.e., 

Rainbow Trout, Longnose Sucker, Mountain Whitefish, Bull Trout, and Walleye). Fish consumption 

guidance was not calculated for Redside Shinner because it was assumed people do not regularly eat 

Redside Shinner.  

Input values for the concentrations of methylmercury in MMP target fish species used to calculate fish 

consumption guidance are provided in Table F-3. These values were the outputs from detailed modelling 

of location and species-specific length-mercury relationships based on 2022 MMP data. The output of the 

modelling was estimates of the average concentrations of methylmercury in (often several) standard 

lengths of fish. Readers are referred to Section 4.3 of the Main Report and Appendix C for more details.  



Appendix F: 

2022 MMP Detailed Fish Consumption Guidance July 2024 

 F-6 

2.1.5.2 MMP Non-Target Fish Species 

Fish consumption guidance was also calculated for fish that were not MMP target fish, but were 

opportunistically sampled. Input values for the concentrations of methylmercury in non-target fish species 

used to calculate fish consumption guidance are provided in Table F-3. The estimates of concentrations of 

methylmercury in non-target fish were based on pooled data from multiple sampling years and locations, 

(both varied by fish species; see Table F-3). The estimates of concentrations of methylmercury in non-

target fish were derived either from: 

• “Generic” models of length-mercury relationships based on pooled data (i.e., all years and 

locations); or 

• Arithmetic means of the concentration of mercury in all samples for a species (i.e., all years, 

locations, and lengths).  

Arithmetic means were used in cases where relationships between length and mercury could not be 

modelled due to lack of such relationships or insufficient data.  

2.1.5.3 Indigenous Community Sampling Program 

Fish consumption guidance was calculated for fish that were sampled by the Indigenous Community 

Sampling Program (ISCP). Information on the sources of data and methods used to generate estimates of 

the concentrations of methylmercury in ICSP fish is provided below. Input values for the concentrations of 

methylmercury in ICSP fish are provided in Table F-4. 

2.1.5.3.1 ICSP Fish Species that Were MMP Target Species 

The ICSP included sample data from the following fish species that were also MMP target species: 

Walleye, Bull Trout, Mountain Whitefish, Longnose Sucker, and Rainbow Trout. The concentrations of 

mercury in the 2022 ICSP samples for these species were, based on visual inspection of length-mercury 

plots, similar to the concentrations of mercury in the 2022 core MMP samples for these species. 

Therefore, the 2022 core MMP data were considered sufficiently representative of the ICSP fish and the 

estimates of concentrations of methylmercury in 2022 ICSP fish were based on the maximum location and 

length-specific estimates derived from detailed modelling of length-mercury relationships from the 2022 

core MMP data. 
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2.1.5.3.2 Other ICSP Fish Species 

Burbot. The concentrations of mercury in the 2022 ICSP samples for Burbot were, based on visual 

inspection of length-mercury plots, similar to the concentrations of mercury in the core MMP non-target 

species samples for Burbot. Therefore, the core MMP non-target species data were considered sufficiently 

representative of the ICSP fish and the estimates of concentrations of methylmercury in 2022 ICSP Burbot 

were based on estimates derived from generic modelling of length-mercury relationships from the 2017-

2021 core MMP data for Burbot. 

Northern Pike. The concentrations of mercury in the 2022 ICSP samples for Northern Pike were, based on 

visual inspection of length-mercury plots, similar to the concentrations of mercury in the core MMP non-

target species samples for Northern Pike. Therefore, the core MMP non-target species data were 

considered sufficiently representative of the ICSP fish and the estimates of concentrations of 

methylmercury in 2022 ICSP Northern Pike were based on estimates derived from generic modelling of 

length-mercury relationships from the 2017-2021 core MMP data for Northern Pike. 

Lake Trout. The Lake Trout samples in the 2022 ICSP were all from Williston Reservoir (reach unknown). 

The most recent representative data on concentrations of methylmercury in Lake Trout from Williston 

Reservoir that we were aware of are from the 2016-2018 Fish and Wildlife Compensation Program 

(FWCCP) Peace Region study of mercury in fish from the Williston and Dinosaur reservoir watersheds 

(Azimuth, 2019). The estimates of concentrations of methylmercury in Lake Trout sampled by the 2022 

ICSP were based on arithmetic averages of estimates of the concentrations of methylmercury in 

standardized size classes of Lake Trout from the Finlay, Parsnip, and Peace reaches of the Williston 

Reservoir from the 2016-2018 Fish and Wildlife Compensation Program (FWCCP) Peace Region fish 

mercury study (Azimuth, 2019).  

Lake Whitefish. The most recent representative data on concentrations of methylmercury in Lake 

Whitefish from the Peace Region that we were aware of are from the 2016-2018 Fish and Wildlife 

Compensation Program (FWCCP) Peace Region study of mercury in fish from the Williston and Dinosaur 

reservoir watersheds (Azimuth, 2019). The estimates of concentrations of methylmercury in Lake 

Whitefish sampled by the 2022 ICSP were based on the arithmetic average of estimates of the 

concentrations of methylmercury in standardized 300 mm Lake Whitefish from the Finlay, Parsnip, and 

Peace reaches of the Williston Reservoir from the 2016-2018 Fish and Wildlife Compensation Program 

(FWCCP) Peace Region fish mercury study (Azimuth, 2019).  
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White Sucker. The concentrations of mercury in the 2022 ICSP samples for White Sucker were, based on 

visual inspection of length-mercury plots, similar to the concentrations of mercury in the core MMP non-

target species samples for White Sucker. Therefore, the core MMP non-target species data were 

considered sufficiently representative of the ICSP fish and the estimates of concentrations of 

methylmercury in 2022 ICSP White Sucker were based on estimates derived from generic modelling of 

length-mercury relationships from the 2017-2021 core MMP data for White Sucker. 

2.1.5.4 Retail Fish 

Fish consumption guidance was calculated for select species of fish sold in stores and restaurants (retail 

fish). Fish consumption guidance for retail fish was provided to help put the guidance for wild-caught fish 

from the Peace Region into context. The fish consumption guidance for retail fish helps emphasize the 

following key messages: 

• All fish contain some methylmercury; 

• The concentrations of methylmercury in wild-caught fish from the Peace Region are within the 

range of the concentrations of methylmercury in fish sold in stores and restaurants; and 

• Many types of wild-caught fish from the Peace Region and fish sold in stores and restaurants can 

safely be eaten very frequently. 

Input values for the concentrations of methylmercury in retail fish are provided in Table F-5. The source of 

these estimates of the average concentrations of methylmercury in retail fish was the database of mercury 

concentrations in market fish published by Karimi et al. (2016). This database of mercury concentrations in 

market fish was based on approximately 300 sources of data from government monitoring programs and 

published scientific literature. The database includes grand means of the concentrations of mercury in 

specific types of fish. The grand means were based on reported means from individual studies, weighted 

by sample size. Sample-size weighted means are an appropriate method for estimating the average 

concentration of mercury in fish because mercury concentrations in fish are typically skewed to the left 

(e.g., log-normally distributed) and studies with smaller sample sizes are less likely to include data from 

the upper end of the distribution. The database of mercury concentrations in retail fish published by 

Karimi et al. (2016) was intended to characterize the concentrations of mercury in fish sold in the U.S. We, 

however, considered it a reasonable proxy for the concentrations of mercury in fish sold in British 

Columbia and Alberta because 43% of the sources included in the Karimi et al. (2016) were international, 

including data from Canada, and there is a high degree of overlap between Canadian and U.S. commercial 

food suppliers. Additionally, for some species the Karimi et al. (2016) database provides grand mean 

concentrations of mercury in fish on a regional basis (e.g., Pacific).  
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2.1.5.5 Confidence 

The level of precision, accuracy, and confidence in estimates of the average concentration of 

methylmercury in a particular type of fish (i.e., species, length, and location) varies depending on the 

source as well as quantity and quality of the data. We were most confident in the estimates of the average 

concentrations of methylmercury in MMP target fish species because these estimates were based on 

sufficient data to support detailed year and location-specific models of length-mercury relationships. Our 

confidence in the estimates of the average concentrations of methylmercury in other types of fish varied, 

but was not as great as our confidence in the estimates of the average concentrations of methylmercury in 

MMP target fish. Therefore, fish consumption guidance for fish other than MMP target fish species was 

identified as less certain.   

2.2 Rounding and Precision 

The following methods for rounding and precision were used to ensure consistency, conservatism, 

minimize bias introduced by rounding, and provide an appropriate magnitude of precision in calculating 

fish consumption guidance.  

Input values for the concentration of methylmercury in fish were rounded to the nearest one hundredth 

of a ppm (i.e., two decimal places) using the rounding half-up method1. For example, the estimated 

concentration of methylmercury in a 250 mm Rainbow Trout from Sections 1-3 of the Peace River from 

detailed length-mercury modelling was 0.0186964684362232 ppm. This value was rounded to 0.02 ppm 

for use as an input value for calculating fish consumption guidance for 250 mm Rainbow Trout from 

Sections 1-3 of the Peace River.  

Calculated servings of fish per month were rounded down to the nearest whole number. For example, the 

estimated concentration of methylmercury in a 250 mm Rainbow Trout from Sections 1-3 of the Peace 

River was 0.02 ppm. The calculated and rounded number of servings per month for a 250 mm Rainbow 

Trout from Sections 1-3 of the Peace River were: 

• Children under 12 years old: (0.20 * 24.7 * 30) / (0.02 * 100) = 74.1 = 74 servings per month 

• People who are, or could be, pregnant: (0.20 * 70.7 * 30) / (0.02 * 163) = 130.1227 = 130 servings 

per month 

• Others: (0.47 * 70.7 * 30) / (0.02 * 163) = 305.7883 = 305 servings per month 

 

 

1 When a number is halfway between two others, it is rounded up. For example, 0.125 rounds to 0.13; 0.135 rounds to 0.14.  
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Calculated servings per month input were rounded down to the nearest whole number as a measure of 

conservatism (i.e., reflect a preference for under-estimating the maximum recommended fish 

consumption frequency rather than over-estimating the maximum recommended fish consumption 

frequency). 

2.3 Quality Assurance 

All calculated servings per month values were independently verified.  

2.4 Reporting and Presentation 

The following sections provide information on the methods used for reporting and presentation of the 

results.  

2.4.1 Locations 

Consumption guidance was provided for MMP target fish species for the following locations on the Peace 

River: reservoir (Sections 1-3), Section 5, Section 7, and Section 9.  Separate guidance was provided for 

these locations, even in cases where the guidance was the same or similar, because: 

• People who  fish regularly tend to do so within a relatively small geographical area and it will be 

logical to have guidance tables separately for each of the MMP monitoring locations on the Peace 

River. 

• We expect to see differences in fish mercury concentrations between these locations during the 

time when fish mercury concentrations are influenced by the reservoir effect. The concentrations 

of methylmercury in fish from the reservoir are expected to be different from the concentrations 

of methylmercury in fish from the Peace River downstream of the reservoir. And, the 

concentrations of methylmercury in fish from the downstream sections closer the dam are 

expected to be different from the concentrations of methylmercury in fish from the downstream 

sections further away from the dam. 

2.4.2 Results Ordered by Concentration of Methylmercury in Fish 

Guidance on the maximum number of servings per month of a particular type of fish (i.e., species, size, 

location) that can be eaten without exceeding the pTDI for methylmercury was reported in tables, with 

the results ordered from lowest to highest concentrations of methylmercury in fish. Therefore, a reader 

can eat a particular type of fish, or any fish listed above it, at the indicated frequency (servings per month). 

While this approach provides some degree of guidance for people that eat more than one type of fish, it 

may unnecessarily restrict the number of a type of fish a person can safely eat) and care must be taken so 

that people do not misinterpret the guidance and eat the indicated number of servings a month for a 

particular type of fish and the indicated number of servings a month for another type of fish. 
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2.4.3 Categories of Nominal Consumption Frequency 

In order to further simplify the fish consumption guidance, the maximum number of servings per month 

were also expressed as categorical “nominal” consumption frequencies. The maximum concentrations of 

methylmercury in fish for categories of nominal consumption frequency were calculated by rearranging 

and solving for the average concentration of methylmercury in fish. The maximum concentrations of 

methylmercury in fish for categories of nominal consumption frequency are presented in Table F-2 

3 RESULTS 

The maximum number of servings per month of a particular type of fish (i.e., species, size, location) that 

can be eaten without exceeding the provisional tolerable daily intakes (pTDI) for methylmercury 

recommended by Health Canada (1997) are reported in Table F-6.  
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Table F-2. Maximum concentrations of methylmercury in fish for categories of nominal consumption 

frequency 
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Table F-3. Input values for the concentrations of methylmercury in fish from the Peace River 
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Table F-4. Input values for the concentrations of methylmercury in fish sampled in the 2022 ICSP. 
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Table F-5. Input values for the concentrations of methylmercury in retail fish. 
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Table F-6. 2022 MMP fish consumption guidance 
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