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EXECUTIVE SUMMARY 

Azimuth Consulting Group Inc. (Azimuth) has prepared this report on behalf of BC Hydro to 

document the нлнн ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ {ƛǘŜ /Ωǎ aŜǘƘȅƭƳŜǊŎǳǊȅ aƻƴƛǘƻǊƛƴƎ tƭŀƴ όaatύΦ ²ƘƛƭŜ 

baseline monitoring started more than a decade ago, 2022 was the first event expressly 

following the development of the MMP and the first event conducted in a single year. 

Reservoir creation is known to temporarily increase fish mercury concentrations due to 

increased production of methylmercury caused by the inundation of terrestrial soils. The MMP1 

was developed to address methylmercury-related conditions in the provincial Environmental 

Assessment Certificate (EAC) and Federal Decision Statement (FDS) issued for the Site C Clean 

Energy Project (the Project). MMP development was a collaborative effort involving Indigenous 

Nations, Health Authorities, BC Hydro, and Azimuth through the Site C Methylmercury 

Subcommittee. 

The objectives of the MMP are to: 

¶ Monitor changes in methylmercury concentrations in fish prior to Project effects 

(baseline conditions) and after reservoir formation during Project operations; 

¶ Work with Indigenous Nations to plan and implement the MMP; and 

¶ Work with Health Authorities to effectively communicate fish consumption guidance for 

people eating fish caught in the Site C reservoir and downstream of the Project in the 

Peace River. 

The MMP has three main components:  

1. Core program; 

2. Indigenous Community Sampling Program (ICSP); and 

3. Fish Consumption program. 

Ultimately, these three components are combined to help manage mercury-related health risks 

from eating fish affected by the Project. Key results for the 2022 MMP program are provided 

below. 

 

 

1 The MMP can be downloaded here: https://www.sitecproject.com/sites/default/files/site-c-methylmercury-monitoring-plan.pdf 

https://www.sitecproject.com/sites/default/files/site-c-methylmercury-monitoring-plan.pdf
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Core Program 

The foundation of the MMP. This component has the mandate of characterizing mercury in fish 

and supporting media and tracking changes over time and space in relation to Site C. The Core 

program focuses on six target fish species: Bull Trout, Walleye, Rainbow Trout, Mountain 

Whitefish, Longnose Sucker, and Redside Shiner. Sampling is conducted in the mainstem of the 

Peace River, extending from Peace Canyon Dam past the Project and down through Many 

Islands, Alberta. In addition to fish, the Core program includes mercury-focused sampling of 

supporting media including surface water, porewater, sediments, benthic invertebrates, and 

zooplankton to help understand how changes in the food web might be affecting fish mercury 

concentrations. 

The 2022 event provided an opportunity to test MMP methods and to collect additional data 

prior to reservoir creation. Current plans are to fill the Site C reservoir in the late summer of 

2024 becoming operational in December 2024. Once Site C is operational, the MMP will be 

conducted annually through 2034, then every five years thereafter until fish mercury 

concentrations stabilize. 

Mercury in Supporting Media 

The full complement of supporting media (surface water, porewater, sediments, benthic 

invertebrates, and zooplankton)2 was sampled in 2022 to characterize mercury-related 

conditions prior to filling the reservoir. These 2022 results were compared to historical data and 

will be important in characterizing future changes related to reservoir formation. 

Mercury in Fish 

In 2022, tissue mercury samples were collected from 622 fish, the vast majority from the six 

targeted species. Combined with other fish mercury data collected since 2008 to characterize 

conditions prior to reservoir creation, 1,973 fish mercury samples were included in the analysis 

 

 

2 Supporting media sampling involved chemical analysis of mercury and parameters influencing mercury cycling and uptake into the 

food chain. Five components were investigated: surface water which is typically very low in mercury, but is expected to increase with 

reservoir formation; sediment and porewater representing the matrix where mercury methylating bacteria reside; and, benthic 

invertebrates and zooplankton which are a key link in the food chain between bacteria and fish. 
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representing three time periods: 2008ς2010, 2017ς2021, and 20223. Overall, fish mercury 

concentrations in 2022 were similar to the 2017ς2021 period. The 2022 data were used to 

develop updated fish consumption guidance for the Peace River between Peace Canyon Dam 

and Many Islands, Alberta (Table ES-1). 

Indigenous Community Sampling Program 

This Indigenous-implemented component is complementary to the Core program  with inclusion 

of fish species and/or locations of particular interest to Indigenous Communities but that are not 

included in the Core MMP. The ICSP is coordinated by Azimuth, but all sampling is conducted by 

trained Indigenous Community Champions. There are three main objectives of the ICSP: 

¶ Test the levels of mercury in fish species/locations that people eat, but that are not 

monitored in the Core MMP; 

¶ Provide opportunities for Indigenous Nations to participate in monitoring changes to the 

environment from the Project; and 

¶ Improve food security and food sovereignty for Indigenous Nations by building skills and 

knowledge related to methylmercury in fish. 

Training 

Three sessions were conducted in 2022 at the Northern Lights College in Fort St. John to train 

Community Champions. These sessions included a presentation to help participants better 

understand methylmercury in aquatic environments and what changes occur when reservoirs 

are created. It also provided an overview of the MMP. Following the presentation, hands-on 

training sessions were provided that demonstrated how to collect a fish tissue sample. Trained 

participants were ǇǊƻǾƛŘŜŘ ǿƛǘƘ ŀ ΨŦƛǎƘ ƪƛǘΩ ŎƻƴǘŀƛƴƛƴƎ ŀƭƭ ǘƘŜ ǘƻƻƭǎ ƴŜŜŘŜŘ ǘƻ ŎƻƭƭŜŎǘ ŦƛǎƘ ǘƛǎsue 

for mercury samples. A total of 31 participants from the 13 Indigenous communities potentially 

affected  by the Project took part in the 2022 training sessions. 

 

 

3 The 2022 data are the first fish mercury data collected following the MMP; while we do not expect to see meaningful changes 

relative to the 2017-2021 time period, 2022 was treated as a stand-alone event to match the year-specific approach that will be used 

once Site C is in the operations phase (i.e., after reservoir filling). Given that we have observed temporal changes in fish mercury 

concentrations since the baseline period (Azimuth 2021), treating 2022 as a discrete year provides an up-to-date characterization of 

conditions prior to reservoir filling. That said, there were no meaningful differences between the two time periods, so the 2022 data 

could be amalgamated with the 2017-2021 data if needed in the future. 
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Sampling 

In 2022, Community Champions from 5ŜƴŜ ¢ƘŀΩΣ Doig River, and Saulteau First Nation collected 

33 fish samples. Samples came from Moberly Lake (26), the Peace-Smoky River confluence (4), 

and Williston reservoir (3). Eight species of fish were collected, including three MMP target 

species (Walleye, Mountain Whitefish, and Longnose Sucker) and five non-target species 

(Northern Pike, Burbot, Lake Whitefish, Lake Trout, and White Sucker). 

Mercury concentrations in the 2022 ICSP fish broadly followed size related trends observed in 

the broader MMP with larger older fish tissue containing high concentrations. Insectivorous 

species such as Rainbow Trout and Mountain Whitefish had lower mercury levels, while 

piscivorous species higher in the food web, such as Walleye, Burbot, and Northern Pike, had 

higher mercury concentrations. 

Fish Consumption Program 

This component of the MMP focuses on understanding how much fish Indigenous and non-

Indigenous people in the Peace Region eat. Two strategies are being used to collect this 

information: (1) analyzing information from existing sources, and (2) collecting new data. 

Existing Data on Baseline Consumption 

This task started in 2022 and focused on extracting information from two main sources: 

First Nations, Food, Nutrition, and Environment Study (FNFNES). This study looked at the 

traditional diet of adult Indigenous people living on reserves south of 60х latitude in Canada. Six 

of the 13 Indigenous Nations potentially affected by the Project participated in the study. 

Country Foods Harvest Questionnaires. As part of the Site C environmental assessment process, 

data on harvest and consumption of traditional foods, including fish, was collected in 2010 and 

2011 for the Duncans First Nation and Horse Lake First Nation.  

These two studies provide useful data to characterize baseline fish consumption for the Project. 

However, three key limitations were identified: the data are now over a decade old, targeted 

adults only, and only included wild-caught fish. Consequently, efforts were also made to collect 

new data on baseline consumption that also included information on how much fish are eaten 

by children and how much fish from stores or restaurants people eat. 

New Data on Baseline Consumption 

This task started in 2022 and involved two activities: 

¶ Designing and implementing a creel survey fish consumption questionnaire; and 
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¶ Having discussions with Indigenous Nations to determine interest in participating in a 

baseline fish consumption survey. 

Creel Survey Fish Consumption Questionnaire. This Azimuth-designed survey was conducted on 

the Peace River. 

A questionnaire on how much fish people eat was administered by Aski Reclamation Inc. and 

LGL Ltd. from July 2022 through June 2023 as part of a broader survey on fish under the Peace 

River Creel Survey (Mon-2, Task 2c of the FAHMFP). The interviews occurred from Peace Canyon 

Dam to Many Islands, Alberta. Nearly a hundred fish consumption questionnaires were 

completed.  

Discussions with Indigenous Nations. Indigenous Nations were provided information on MMP 

baseline fish consumption at a variety of occasions, including meetings of the Site C 

Environmental Forum, the Site C Methylmercury Subcommittee, and at Quarterly Project 

Update meetings with individual Nations. Four Nations expressed interest in participating in a 

process to provide new data on baseline fish consumption: Blueberry River First Nation, Halfway 

River First Nation, McLeod Lake Indian Band, and Saulteau First Nations. Follow-up discussions 

regarding the timing and format of data collection continued into 2023. 

Baseline Fish Consumption Data Analyses and Reporting 

It is anticipated that collecting and analyzing the baseline fish consumption data will be 

completed in 2024, and a stand-alone report on fish consumption during the baseline period will 

subsequently be issued.
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1 INTRODUCTION 

Azimuth Consulting Group Inc. (Azimuth) prepared this report on behalf of BC Hydro to document the 

results of the 2022 implementation of the Methylmercury Monitoring Plan (MMP; see Section 1.2 below 

for more information).  

1.1 Background 

Azimuth has been working with BC Hydro since 2009 to help address concerns regarding potential 

changes in mercury concentrations in fish from the the Site C Clean Energy Project όάthe Projectέύ. 

Reservoir creation is known to temporarily increase fish methylmercury concentrations (Schetagne and 

Therien 2013; Bodaly et al. 2007) which is why it was identified as a technical focus area in the 

environmental impact statement (EIS) for the Project (BC Hydro 2013). 

To support the EIS, Azimuth:  

¶ Characterized mercury in the aquatic environment4;  

¶ Developed predictions of the magnitude, timing, and extent of future changes in fish mercury 

levels expected with reservoir creation; and  

¶ Estimated health risks from eating fish. 

1.2 Methylmercury Monitoring Plan (MMP) 

Azimuth worked with BC Hydro in collaboration with the Site C Methylmercury Subcommittee to 

develop the MMP for Site C (BC Hydro 2022; see text box). The Methylmercury Subcommittee, 

established in March 2020, supports the Site C Environmental Forum and includes: 

¶ Representatives from five of the Indigenous Nationsaffected by the Project; 

¶ Representatives from First Nations Health Authority and Northern Health; 

¶ Representatives from BC Hydro; and 

¶ Technical specialists from Azimuth. 

In addition, the Subcommittee includes guest members from Health Canada, BC Ministry of Health, and 

Alberta Health.  

 

 

4 Sampling targeted total mercury and methylmercury in surface water, sediment, porewater, zooplankton, benthic invertebrates, and fish. 
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The purpose of the Methylmercury Subcommittee 

is to: 

¶ Address questions regarding 

methylmercury and human health asked 

by Indigenous Nations and Health 

Authorities; 

¶ Collaboratively develop the MMP for the 

Project, incorporating local knowledge, 

Traditional Knowledge, and cultural 

values important to Indigenous Nations; 

¶ Support information sharing about 

methylmercury; 

¶ Support the development of 

approaches/tools to effectively 

communicate information about 

methylmercury and health risks 

associated with consuming fish to 

Indigenous Nations and Health 

Authorities; 

¶ Support the communication of this 

information to the broader Environmental 

Forum and community members; and 

¶ Support implementation of the MMP.  

The MMP includes background information on mercury (Hg) in aquatic ecosystems, including reservoirs, 

and a summary of the Site C EIS predictions for methylmercury in fish (BC Hydro 2022; link in text box). 

The MMP has three main components: 

1. Core program. The Core program is the foundation of the MMP. Its mandate is to characterize 

mercury present in fish and supporting media and to track changes over time and space. 

Sampling is conducted in conjunction with sampling under the Site C Fisheries and Aquatic 

Habitat Monitoring and Follow-up Program (FAHMFP, BC Hydro 2015). 

2. Indigenous Community Sampling Program (ISCP). This Indigenous-implemented component is 

complementary to the Core program in that fish species and/or locations of particular interest 

Methylmercury Monitoring Plan (MMP)  

The MMP addresses methylmercury-related conditions 

in the Environmental Assessment Certificate (EAC) and 

Federal Decision Statement (FDS) issued to the Project. 

The MMP was a collaborative effort involving 

Indigenous Nations, Health Authorities, BC Hydro, and 

Azimuth through the Site C Methylmercury 

Subcommittee. 

The objectives of the MMP are to: 

�{ Monitor methylmercury concentrations in fish prior to 

Project effects (baseline conditions) and changes after 

reservoir formation, during Project operations; 

�{ Work with Indigenous Nations to plan and implement 

the MMP; and 

�{ Work with Health Authorities to effectively 

communicate fish consumption guidance for people 

who eat fish caught in the Site C reservoir and 

downstream of the Project in the Peace River. 

The complete MMP is available here: 
https://www.sitecproject.com/sites/default/files/site-c-
methylmercury-monitoring-plan.pdf   
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to Indigenous Communities are sampled. The ICSP is coordinated by Azimuth, but all sampling is 

conducted by trained Community Champions. 

3. Fish Consumption Program. This component focuses on understanding fish consumption 

behaviour, i.e., how much fish is consumed, what species are consumed, and where were they 

caught. Consumption behaviour is recorded by age and gender for Indigenous and non-

Indigenous consumers. 

These three components are later combined to help manage mercury-related health risks related to 

eating fish affected by the Project. 

1.3 Objectives 

The objectives of this 2022 MMP Annual Report are to: 

¶ Summarize available data for mercury in supporting media (surface water, porewater, sediment, 

zooplankton, and benthic invertebrates) and highlight the Core MMP results for 2022 (Section 3); 

¶ Summarize available fish data for tissue mercury and stable isotope, with an emphasis on 

characterizing length-mercury relationships and highlighting the Core MMP results for 2022 

(Section 4); 

¶ Provide an overview of the 2022 ICSP (Section 5); 

¶ Provide updated fish consumption guidance based on the 2022 MMP results (Section 6); and 

¶ Report 2022 MMP activities related to characterizing baseline fish consumption (Section 7). 
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2 SITE C PHASING AND MMP SAMPLING LOCATIONS 

2.1 Site C Development Phasing 

Project construction started in summer 2015 and is expected to be completed in 2024. The MMP 

describes the expected changes in methylmercury concentrations in the environment that are 

associated with key stages of Project development. These predicted changes for a given phase are based 

on the degree of flooding of terrestrial habitat. When soils are flooded and bacteria decompose the 

organic matter, methylmercury production increases as a by-product of the bacterial decomposition. 

The expected changes for key development phases/sub-phases are as follows: 

¶ Construction: Pre-Diversion (fall 2015 to fall 2020). Peace River water level changes will be 

natural, so no changes would be expected. 

¶ Construction: River Diversion (fall 2020 to late summer 2024 [planned]). Diversion of the 

Peace River around the dam site started in fall 2020. Water level rises created a headpond 

upstream of the dam construction site, with the potential to extend up to 18 km upstream 

during high-water events. However, the overall potential for meaningful increases in 

methylmercury production during this period is low, because (1) most of the land inundated by 

the diversion headpond was routinely under water during high flow events that occurred prior 

to river diversion, and (2) the duration for which these areas are inundated during river 

diversion has been limited. 

¶ Construction: Reservoir Filling (summer 2024 to winter 2025). Reservoir filling is expected to 

take about four months to complete; it is currently scheduled for late summer 2024. During this 

time, water levels will rise between 0.3  m and 3 m a day until the reservoir is 52 m deep close 

ǘƻ ǘƘŜ ŘŀƳΣ ос Ƴ ŘŜŜǇ ŀǘ ǘƘŜ IŀƭŦǿŀȅ wƛǾŜǊΣ ŀƴŘ му Ƴ ŘŜŜǇ ƴŜŀǊ IǳŘǎƻƴΩǎ IƻǇŜΦ At this stage, 

as terrestrial habitat within the reservoir footprint becomes inundated, we expect 

methylmercury production to start ramping up, leading to initial increases in methylmercury 

concentrations, particularly in flood-zone sediments (including porewater) and surface water. 

¶ Operations (starting winter 2025). When filled, the average width of the reservoir will be two 

to three times that of the current Peace River. The 83 km long reservoir will have a total surface 

area of 9,330 ha, of which 5,550 ha will be newly inundated terrestrial habitat. Increased 

methylmercury production will lead to the onset of higher bioaccumulation into the food web.  

One factor that could moderate methylmercury production in newly flooded areas is high rates 

of sediment deposition related to bank erosion occurring during and post reservoir filling as 

described in the EIS (BC Hydro 2013, Vol. 2: App. I). Because information regarding this 

phenomenon in existing reservoirs is lacking (BC Hydro 2013, Vol. 2: App. J3), sediment 
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deposition due to bank erosion was not explicitly considered in the mercury modelling; 

however, model test runs showed that high sedimentation of largely inorganic material had the 

potential to considerably reduce methylmercury production and diminish predicted increases in 

fish mercury concentrations. Ongoing monitoring should help to gain insights into how this 

plays out. Either way, we expect to see increases in methylmercury throughout the ecosystem; 

it is only the magnitude of change that could be reduced.  

As described in the MMP (BC Hydro 2022), fish mercury concentrations are expected to 

increase by an average of three to four times current levels (characterized in Section 4) within 

five to eight years after filling the reservoir. After that, they are expected to gradually return to 

levels similar to natural lakes and rivers in the region by 20 to 30 years after reservoir creation 

(BC Hydro 2013, Vol. 2: Sec. 11.9). Downstream in the Peace River, possibly as far as Many 

Islands, Alberta, fish mercury concentrations were predicted to double, on average, before 

returning to a new baseline level (BC Hydro 2013, Vol. 2: Sec. 11.9). 

In summary, while Project construction began in fall 2015, none of the activities conducted to date 

resulted in flooding significant amounts of the terrestrial habitat planned to be eventually covered by 

the reservoir footprint. Consequently, we do not anticipate seeing meaningful Project-related changes 

to methylmercury concentrations in water, sediment (including porewater), zooplankton, benthic 

invertebrates, or fish through 2022. 

2.2 Sampling Locations 

The geographic area of the Core MMP extends for more than 200 river km from the Peace Canyon Dam 

to the Many Islands area of Alberta (Figure 2-1). Core MMP sampling locations for fish and supporting 

media (surface water, porewater, sediment, zooplankton, and benthic invertebrates) are described in 

Table 2-1. Most of these stations have a monitoring history extending to the early baseline period. 

When presenting the baseline data in Sections 3 and 4, notable deviations in station names or locations 

will be documented. 
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Table 2-1. Core MMP sampling locations on the Peace River for fish and supporting media 

 

Notes: * After the Site C reservoir is created, Sections 1 and 3 will be combined.   

Name

(Section #)
Description

River Km Extent

(kms from WAC Bennet 

Dam)

Name

(ID)
Description

Upper Site C* 

(Section 1)

Downstream end of Peace 

River Canyon to Lynx Creek 

confluence

25.0 to 34.0
Upper Site C 

(PR1)

Near the community of 

Hudson's Hope

Mid Site C 

(PR2)

Immediately upstream of 

Halfway River conflence

Lower Site C 

(PR3)

Immediately upstream of 

Moberly River confluence 

Site C Dam - - - - -

Peace River 

Downstream

Immediately 

downstream of 

Site C dam.

Site C Tailrace 

(Section 5)

Moberly River confluence to 

CN Railway bridge
105.0 to 117.7

Site C 

Tailrace

(PD1)

Downstream of Site C dam, 

immediately upstream of 

Pine River confluence

Approximately 45 

km downstream 

of Site C dam.

Beatton-Kiskatinaw

(Section 7)

Beatton River confluence to 

Kiskatinaw River confluence
140.0 to 158.0

Beatton-

Kiskatinaw

(PD3)

Downstream of confluence 

with Beatton River but 

upstream of the Kiskatinaw 

River confluence

Approximately 

120 km 

downstream of 

Site C dam.

Many Islands 

(Section 9)
Many Islands Park area 217.0 to 231.0

Many 

Islands 

(PD5)

In the vicinity of Many 

Islands, AB. Expected 

downstream terminus of 

Project-related mercury 

impacts.

Fish Sampling Areas
Supporting Media

Sampling Areas

General LocationStudy Area

Site C Reservoir 

Peace-Canyon 

dam at upstream 

terminus and Site 

C dam at 

downstream 

terminus.

Mid - Lower Site C* 

(Section 3)

Halfway River confluence to 

Cache Creek confluence
65.8 to 82.1
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Figure 2-1. Baseline monitoring locations for fish and supporting media 
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3 SUPPORTING MEDIA  

This section summarizes the 2022 Core MMP supporting media results and puts them into context with 

available historical data. Supporting media consist of surface water, porewater, sediments, benthic 

invertebrates, and zooplankton. A data quality assessment for 2022 is included in Appendix A.  

3.1 Overview of Available Data  

The first mercury-focused investigation of surface water, porewater, sediments, zooplankton, and 

benthic invertebrates conducted in the region was done in 2000 and 2001 in the Williston reservoir 

(Baker et al. 2002). While the study is not directly applicable to the Peace River, it provides some useful 

historical context for the total mercury and methylmercury amounts in these supporting media. 

Similar to fish, baseline sampling related to mercury for the Project was started in 2010/2011 to support 

the EIS. These efforts were holistic (i.e., included all supporting media types mentioned above), and they 

focused on the Peace River. When baseline monitoring resumed under the FAHMFP in 2016 (BC Hydro 

2015), water and sediment were sampled for mercury. In 2022, the first full MMP event was conducted; 

it included surface water, sediment, porewater, zooplankton, and benthic invertebrates. 

Details of data collected under the MMP and other historical data are provided in the following sections. 

3.1.1 MMP Supporting Media Data 

The 2022 event was the first monitoring cycle conducted under the MMP (BC Hydro 2022). An overview 

of the 2022 program is presented in Table 3-1 (locations shown in Figure 2-1). The Core MMP program 

focuses primarily on total mercury and methylmercury, as well as other analytes known to influence 

methylation or bioaccumulation. Media-specific ancillary analytes that are potentially important in 

understanding mercury patterns in the ecosystem are tracked as supplemental information. In addition 

to the MMP-specific events, we were able to expand the supplemental dataset by including data from 

the Site C reservoir and Peace River Water and Sediment Quality Monitoring Program (Mon-8/9 of the 

FAHMFP). More details regarding the program and supplemental data are provided in Appendix B. 

The supporting media sampling in 2022 was conducted by Ecofish Research Ltd. (Ecofish) and Aski 

Reclamation LP (Aski) in conjunction with Mon-8/9. Note that two other sampling locations were 

included in 2022 for surface water and zooplankton, to obtain additional baseline information on 

background watershed mercury dynamics: 
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¶ Williston reservoir (W1) upstream of the WAC Bennett Dam. Surface water samples were 

collected at both shallow (S; 0.2 m) and deep (D; 5 m) depths; and 

¶ Dinosaur reservoir (D1) upstream of Peace Canyon Dam. Surface water samples were collected 

at both shallow (S; 0.2 m) and deep (D; 5 m) depths. 

To make certain results easier to present, the MMP and non-MMP sampling stations were grouped 

based on their locations: 

¶ Reservoirs. The Williston and Dinosaur locations; 

¶ Peace River Upstream. Locations between Peace Canyon Dam and Site C; 

¶ Peace River Downstream. Locations downstream of Site C to Many Islands, Alberta. 
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Table 3-1. Overview of 2022 sampling of Core MMP supporting media 

 

Notes: * = non-MMP locations; 2 = no PR1 sample  

Media Type Locations Timing

Surface Water

W1*, D1*, PR1, PR2, 

PR3, PD1, PD3, and 

PD5

Two events:

Aug 20-23

Oct 16-24

Porewater
PR1, PR2, PR3, PD1, 

PD3, and PD5

One event:

Aug 20-23

Sediment
PR1, PR2, PR3, PD1, 

PD3, and PD5

One event:

Aug 17-26

Benthic

Invertebrates

PR1, PR2, PR3, PD1, 

PD3, and PD5

One event:

Deploy Aug 3-5

Retrieve Sep 26 - Oct 1 

Zooplankton W1*, D1*, PR1

Two events:

Aug 20-23

Oct 16-242
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3.1.2 Historical Supporting Media Data 

Several efforts to sample environmental media were conducted as part of Site C-related monitoring 

programs over the baseline period (from 2010 to 2022). For this analysis, data from these programs that 

relates to surface water, porewater, sediment, benthic invertebrates, and zooplankton have been 

compiled to provide a holistic view of baseline conditions in the Peace River. 

The specific years of data included in the analysis for each medium are listed below in Table 3-2. 

Table 3-2. Historical supporting media data relevant to the MMP. 

Year Media Sampled Data Source 

2019 Surface water, sediment Saulteau EBA 2020 

2018 Surface water, sediment Saulteau EBA 2019 

2017 Surface water, sediment Saulteau EBA 2018 

2016 Surface water, sediment Saulteau EBA 2017 

2011 Benthic Invertebrates Azimuth 2012  

2010 Surface water, sediment, benthic 

invertebrates, zooplankton 

Azimuth 2011 

2001 Surface water, porewater, sediment, 

benthic invertebrates, zooplankton 

Baker et al. 2002 

2000 Surface water, porewater, sediment, 

benthic invertebrates, zooplankton 

Baker et al. 2002  
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3.2 Surface Water 

3.2.1 Overview 

The MMP tracks changes in total mercury 

and methylmercury (filtered and 

unfiltered) in water to better understand 

how creating the reservoir will change the 

processes that contribute to the 

concentrations of mercury seen in fish. 

Most water quality studies refer to 

concentrations in unfiltered samples as 

άǘƻǘŀƭέ όŜΦƎΦΣ ǘƻǘŀƭ ƛǊƻƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎύ ŀƴŘ 

ƛƴ ŦƛƭǘŜǊŜŘ ǎŀƳǇƭŜǎ ŀǎ άŘƛǎǎƻƭǾŜŘέ όŜΦƎΦΣ 

dissolved zinc concentrations). However, 

because we already ǳǎŜ άǘƻǘŀƭέ ǘƻ ǊŜŦŜǊ ǘƻ 

the sum of all forms of mercury in a sample 

(i.e., total mercury), we will explicitly use 

the terminology άǳƴŦƛƭǘŜǊŜŘέ ǘƻ ǊŜŦŜǊ ǘƻ 

refer to the sum of the dissolved and particulate-ōƻǳƴŘ ƳŜǊŎǳǊȅ ŀƴŘ άŦƛƭǘŜǊŜŘέ ǘƻ ǊŜŦŜǊ ǘƻ ŘƛǎǎƻƭǾŜŘ 

mercury (i.e., for either total mercury or total methylmercury). All total mercury and methylmercury 

concentrations for surface water in this MMP report are presented in ng/L (parts per trillion). 

Collectively, surface water quality analyses provide insights into the forms of mercury present in water 

and whether the total mercury and methylmercury are predominantly bound to particulates 

(particulate-bound phase) or dissolved in the water (dissolved phase). In addition to their absolute 

concentrations, the relative amount of methylmercury to total mercury is a useful way to track mercury 

changes over time. It is calculated as follows: percent methylmercury = 100 * [MeHg]/[THg], where [] 

denotes filtered concentration, MeHg = methylmercury and THg = total mercury. Filtered samples 

directly provide results for the dissolved phase, while subtracting filtered concentrations from unfiltered 

concentrations provides results for particulate-bound mercury. Dissolved-phase methylmercury is 

considered the most available for bioaccumulation into the food web. 

In addition to total mercury and methylmercury, the MMP targets a number of other water quality 

analytes known to influence mercury methylation or bioaccumulation (primary analytes; Table 3-3). In 

the interest of keeping this report readable, we focus on pH (In Situ), dissolved organic carbon (DOC), 

Why Sample Surface Water?   

Surface water typically has very low concentrations of 

total mercury and methylmercury. But following 

reservoir filling, concentrations are expected to rise, 

temporarily. 

Increases in mercury and methylmercury concentrations 

in the water can be important for their uptake into the 

food chain in the Site C reservoir and downstream in the 

Peace River.  

In addition to total mercury and methylmercury 

concentrations in water, other water quality analytes 

such as pH, sulphate, total and dissolved organic 

carbon, and total suspended solids (TSS) can impact 

concentrations of methylmercury in biota. 
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and total suspended solids (TSS) in this section; the results of the other mercury-related secondary 

analytes are presented in Appendix B. 

In 2022, surface water sampling for the MMP was conducted in August and October (Table 3-1; 

locations shown in Figure 2-1). Methods for surface water sampling and analysis for the Core MMP are 

described in Appendix B.  

As noted in Section 3.1.1, Mon-8/9 results from the following non-MMP sampling stations and events in 

the mainstem of the Peace River were included when relevant (see Table 1 in Ganshorn et al. 2023 for 

full details): 

¶ Peace Canyon (PC1). Mainstem of the Peace River downstream of Peace Canyon Dam; 

¶ Peace Downstream (PD2). Downstream of the Pine River and upstream of the Beatton River; 

and 

¶ Peace Downstream (PD4). Downstream of the Alces River and upstream of the Pouce Coupe 

River. 

We also plotted key water quality data for tributaries monitored under Mon-8/9, although it was not 

part of the MMP. The purpose was to document current and past data for tributary inputs of total 

mercury and methylmercury to the Peace River, both upstream and downstream of the Project. Similar 

to the other ancillary analytes in Table 3-3, this supplemental data is provided in Appendix B. Data were 

available for the following tributaries:  

¶ Halfway River (HD) and Moberly River (MD). Downstream sites on two tributaries discharging 

in the Peace River upstream of the Project; and 

¶ Pine River (PINE), Beatton River (BEA), Kiskatinaw River (KR), and Pouce Coupe River (POUCE). 

Sites on tributaries discharging into the Peace River downstream of the Project. 

3.2.2 2022 Data Quality Assessment 

Data quality for the 2022 surface water program was assessed as described in Appendix A. Overall, data 

met the data quality objectives of the MMP. 

3.2.3 2022 Results for Surface Water 

The 2022 results for the primary mercury-related surface water quality analytes are described in the 

paragraphs below and presented in Figure 3-1. The points in this plot are coloured by project phase: 

green (indicating Baseline|Reference) for the reservoirs group, and purple (indicating Construction 
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phase) for both the upstream and downstream Peace River groups. bƻǘŜ ǘƘŀǘ άȄέ ǊŜǇǊŜǎŜƴǘǎ ǎŀƳǇƭŜǎ 

with concentrations below laboratory reporting limits (MDL), the lowest concentration measurable by 

the laboratory. 

Total mercury concentrations (filtered and unfiltered). Total mercury concentrations showed a strong 

seasonal pattern, with the highest concentrations occurring in the June event and tracking TSS. 

Unfiltered total mercury concentrations reached approximately 30 ng/L in that event but were generally 

less than 1 ng/L. Filtered total mercury concentrations were less than 2 ng/L in the June event and < 0.5 

ng/L for the August and October events. Concentrations of both unfiltered and filtered total mercury 

progressively increased from Williston and Dinosaur, through the Peace River Upstream and the Peace 

River Downstream locations. 

Methylmercury concentrations (both filtered and unfiltered). Methylmercury concentrations were 

generally less than 0.05 ng/L, but were higher at the three most downstream stations (PD3, PD4, and 

PD5) where they peaked around 0.25 ng/L in unfiltered samples and just above 0.05 ng/L in filtered 

samples.  

Percent methylmercury. The percent mercury ranged from 1 to 4 %. 

TSS, DOC, pH (In Situ). The data for ancillary analytes also show some seasonality, with TSS and DOC 

showing similar patterns of peaks in the first event followed by much lower concentrations later in the 

summer. pH (In Situ) generally ranged from 7.7 to 8.2 and appeared slightly higher at the Peace River 

Downstream stations. Like total mercury, above, TSS concentrations progressively increased 

downstream, and concentrations peaked over 300 mg/L. Results for DOC were generally between 2 and 

5 mg/L, but peaked over 10 mg/L at the most downstream stations (PD4 and PD5) in the June event. 

3.2.4 Temporal Trends for Surface Water 

Temporal trends for the primary mercury-related surface water quality analytes are presented in Figure 

3-2. Amalgamating data into spatial groups makes it easier to visualize general spatial-temporal patterns 

in the data. This will become even more helpful once water quality related to mercury changes after 

reservoir filling starts later in 2024. There do not appear to be substantial changes in total mercury or 

methylmercury in the Peace River Upstream group between the Baseline phase (2010 to 2012) and 

Construction phase (2016 to 2022 and ongoing). 

These results are consistent with the low potential for meaningful changes in methylmercury 

concentrations in surface water associated with river diversion and dam construction described in 

Section 2.1. 
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3.2.5 Tables and Figures 

 

Table 3-3. Overview of MMP surface water quality analytes 

 

Notes: 1° = primary analyte; 2° = secondary analyte.  

Analyte

Abbreviated

Name Units MDL

Data 

Type1

Metals

Total Mercury - Filtered THg-F ng/L 0.5 1o

Total Mercury - Unfiltered THg-UF ng/L 0.5 1o

Calcium (Ca) - Dissolved Ca mg/L 0.05 2o 

Magnesium (Mg) - Dissolved Mg mg/L 0.005 2o 

Speciated Metals

Methylmercury - Filtered MeHg-F ng/L 0.02 1o

Methylmercury - Unfiltered MeHg-UF ng/L 0.02 1o

Physical Tests

Total Suspended Solids TSS mg/L 3 1o

pH (In Situ) fld pH - 0.1 1o

pH (lab) lab pH - 0.1 2o 

Specific Conductivity (In Situ) Cond µS/cm 2 2o 

Alkalinity, Total (as CaCO3) Alk-Tot mg/L 1 2o 

Anions and Nutrients

Chloride (Cl) Cl mg/L 0.5 2o 

Sulfate (SO4) SO4 mg/L 0.3 2o 

Fluoride (F) F mg/L 0.02 2o 

Nitrate (as N) NO3-N mg/L 0.005 2o 

Nitrite (as N) NO2-N mg/L 0.001 2o 

Organic / Inorganic Carbon

Dissolved Organic Carbon DOC mg/L 0.5 1o
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Figure 3-1. Results for key mercury-related surface water quality analytes, by station and station 

group in 2022, for reservoir and Peace River locations  

Site C MMP stations noted with asterisk (*); log scale for all analytes except Pct MeHg and fld pH 

 
Note: For rŜǎŜǊǾƻƛǊ ǎŀƳǇƭŜǎΣ ǎǘŀǘƛƻƴ ƴŀƳŜǎ ŜƴŘƛƴƎ ƛƴ ά{έ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜΣ ǿƘƛƭŜ ǎǘŀǘƛƻƴ ƴŀƳŜǎ ŜƴŘƛƴƎ ƛƴ ά5έ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ 

depth. MDL = Method Detection Limit  
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Figure 3-2. Temporal trends for key mercury-related surface water quality analytes, by station group, 

for reservoir and Peace River locations  

Log scale for all analytes except Pct MeHg and fld pH 
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3.3 Porewater 

3.3.1 Overview 

The MMP targets total mercury and 

methylmercury in porewater. The purpose 

is to track changes related to developing 

the Site C reservoir to better understand 

the underlying processes that ultimately 

affect fish mercury concentrations. As the 

reservoir has not yet been filled, sampling 

conducted to date (Section 3.1) provides 

some indication of spatial and temporal 

patterns in porewater mercury 

concentrations prior to Site C.  

Similar to surface water, we are also 

tracking other analytes in porewater that 

can affect the production or bioavailability 

of methylmercury. A full list of MMP 

analytes for porewater is provided in 

Table 3-4, including their shortened 

names for plotting. In addition to including total mercury, methylmercury and percent methylmercury 

(see Section 3.2) in this section, pH (lab), chloride, sulphate, DOC, and TSS are also discussed (primary 

analytes). Tables and plots for the other MMP secondary analytes in are provided in Appendix B. 

In 2022, sediment porewater samples were collected from each of the six Core MMP sampling stations 

(see Section 2.2) between August 19 and 26. Methods for sampling and analysis are described in 

Appendix B, and an overview of the process is shown in Figure 3-3. Because sediment was filtered to 

extract the porewater, there are no results for unfiltered samples. 

3.3.2 2022 Data Quality Assessment 

Data quality for the 2022 porewater sampling was assessed as described in Appendix A. All analyte/QC 

sample types were considered to have met their respective data quality objectives (DQOs), except for 

methylmercury in the field duplicate. The methylmercury field duplicate showed higher variability than 

specified in the DQO (RPD Җ 45 %). While this result could be due to small-scale differences in conditions 

Why Sample  Porew ater?   

Porewater is the water that fills the spaces between 

particles of sediment at the bottom of lakes, reservoirs, 

rivers, and oceans. As water levels rise during reservoir 

filling, terrestrial soils rich in organic matter will be 

submerged, leading to higher production of 

methylmercury, created as a by-product of bacterial 

decomposition of the organic matter. While this may 

occur after filling the reservoir, there is also the 

possibility that erosion of the river banks during and 

after filling could bury the low-lying agricultural and 

forest soils, which have high mercury methylation 

potential, under sloughed bank material that is low in 

organic matter. Burying the terrestrial soils could 

substantially lower mercury methylation rates, which 

could lead to lower magnitude changes in 

methylmercury concentrations in porewater and 

throughout the food web. 
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in the sediments at a particular location, the porewater analyses confirmed the presence of suspended 

solids (TSS) in about half the samples. As discussed for surface water, the presence of TSS can influence 

concentrations of both total mercury and methylmercury. We are working with the sampling team 

(Ecofish/Aski) to better understand this issue, with the aim of improving methods for the next event. As 

discussed in Section A.3.3.2 of Appendix A, the 2022 porewater methylmercury data received a 

άcautionaryέ flag that will follow these data from now on (e.g., the flag will allow future analyses relying 

on these data to identify that there was an issue that warranted cautious interpretation of results). This 

contrasts with an άunreliableέ flag, which is given to data that are clearly wrong. 

3.3.3 2022 Results for Porewater 

The 2022 results for the primary mercury-related porewater quality analytes are presented in Figure 

3-4. Total mercury concentrations (filtered) ranged from < 5 ng/L to 11.3 ng/L, generally declining from 

upstream to downstream. Methylmercury concentrations (filtered) ranged from 0.17 to 0.93 ng/L, with 

no apparent spatial patterns (note that the 2022 methylmercury data were flagged as cautionary). 

Percent methylmercury ranged between 2 and 10 %. Results for the ancillary analytes showed no clear 

spatial trends. Observed values were as follows: 

¶ pH (lab) was slightly basic, ranging from 8.2 to 8.4; 

¶ Chloride ranged from 0.78 to 10.8 mg/L; 

¶ Sulphate ranged from 6.5 to 74 mg/L; 

¶ DOC ranged from 11.1 to 23.8 mg/L; and 

¶ TSS ranged from < 3 to 10.1 mg/L.  

3.3.4 Temporal Trends for Porewater 

Temporal trends for the primary mercury-related surface water quality analytes are presented Figure 

3-5. Porewater data for the Peace River are only available for 2022, thereby precluding an assessment of 

temporal patterns. To put the 2022 results into perspective, some historical data for Williston reservoir 

from 2000/2001 (Baker et al. 2002) are provided for context. For total mercury, methylmercury, and 

percent methylmercury, the 2022 MMP results were generally consistent with the historical results for 

Williston reservoir. 
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3.3.5 Tables and Figures 

 

Table 3-4. Overview of MMP porewater quality analytes 

 

Notes: 1° = primary analyte; 2° = secondary analyte.  

Analyte

Abbreviated

Name
Units MDL Data Type1

Metals

Total Mercury - Filtered THg-F ng/L 0.5 1o

Calcium (Ca) - Dissolved Ca mg/L 0.05 2o 

Magnesium (Mg) - Dissolved Mg mg/L 0.005 2o 

Speciated Metals

Methylmercury - Filtered MeHg-F ng/L 0.02 1o

Physical Tests

Total Suspended Solids TSS mg/L 3 1o

pH (lab) lab pH - 0.1 1o

Conductivity (lab) Cond µS/cm 2 2o 

Alkalinity, Total (as CaCO3) Alk-Tot mg/L 1 2o 

Anions and Nutrients

Chloride (Cl) Cl mg/L 0.5 1o

Sulfate (SO4) SO4 mg/L 0.3 1o

Fluoride (F) F mg/L 0.02 2o 

Nitrate (as N) NO3-N mg/L 0.005 2o 

Nitrite (as N) NO2-N mg/L 0.001 2o 

Organic / Inorganic Carbon

Dissolved Organic Carbon DOC mg/L 0.5 1o
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Figure 3-3. Porewater sampling overview 

(A) take grab sample, (B) homogenize, (C) transfer to filtration unit and filter, and (D) extracted 
porewater 
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Figure 3-4. Results for key mercury-related porewater quality analytes, by station and station group, 

in 2022, for Peace River locations 

 

Note: Log scale used for all analytes except Pct MeHg and lab pH.  
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Figure 3-5. Temporal trends for key mercury-related porewater quality analytes, by station group, for 

reservoir and Peace River locations 

 

Note: Log scale used for all analytes except Pct MeHg and lab pH. 
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3.4 Sediment  

3.4.1 Overview 

The Peace River is predominantly an 

erosional environment where strong 

currents prevent finer sediments from 

depositing on the river bottom. Some 

areas are protected from faster flowing 

water and finer sediments deposit there, 

but most of the river bottom consists of 

coarser material like gravels and cobbles. 

Locations where deposition occurs have 

been targeted to characterize total 

mercury and methylmercury 

concentrations in sediments prior to 

reservoir filling. Future sampling will also 

focus on newly flooded reservoir areas with high mercury methylation potential. 

In addition to total mercury, methylmercury, and percent methylmercury (see Section 3.2), pH (lab), loss 

on ignition (LOI), total organic carbon (TOC), total inorganic carbon (TIC), and particle size were included 

because they may influence mercury bioavailability (see Table 3-5 for more information, including their 

shortened names for plotting). Note that total mercury and methylmercury concentrations in sediments 

in this MMP report are presented as ˃g/kg (parts per billion) on a dry weight basis (dw). Sediment 

particle size results are reported as clay, silt, sand, and gravel in units of percent (%) according to the 

Wentworth scale (Wentworth 1922). To simplify interpretation, the clay and silt fractions may be 

collectively referred to as άfines.έ 

In 2022, sediment chemistry samples were collected between August 19 and 26 from each of the six 

Core MMP sampling stations (see Section 2.2). In addition, data from non-MMP stations and events 

(October 2022) targeted by Mon-8/9 were included for context. Note that the detection limit for total 

mercury was higher, and methylmercury was not included in the non-MMP event. Sediment sampling 

and analysis methods for the Core MMP are described in Appendix B. 

Similar to surface water quality, we also plotted key sediment quality results for tributaries monitored as 

part of Mon-8/9. The purpose was to document current and past data for tributary inputs of total 

Why Sample  Sediment ?  

Freshly inundated terrestrial soils can be a major source 

of methylmercury in new reservoirs. In Site C, there is 

also the potential for significant bank erosion to occur 

both during and after reservoir filling. If this occurs, 

low-lying agricultural and forest soils (i.e., habitats with 

high mercury methylation potential) could be buried 

under sloughed bank material, which could limit 

methylmercury production in these areas. Tracking 

total mercury and methylmercury concentrations in 

sediment will help better understand how these areas 

are influencing fish mercury concentrations in the Peace 

River. 
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mercury and methylmercury to the Peace River, both upstream and downstream of the Project. These 

results are provided in Appendix B. 

3.4.2 2022 Data Quality Assessment 

Data quality for the 2022 sediment sampling was assessed as described in Appendix A. Overall, data met 

the data quality objectives of the MMP. 

3.4.3 2022 Results for Sediments 

The 2022 results for sediment quality are presented in Figure 3-6. Total mercury concentrations ranged 

between 40 and 65 ˃g/kg and did not show any obvious spatial patterns. Methylmercury concentrations 

were generally < 1 ˃g/kg and percent methylmercury (only calculated when both total mercury and 

methylmercury were detected in a sample) was < 1.3 %. Organic carbon content, as indicated by both 

LOI and TOC, was generally low (< 2.5 %). 

Sediment particle size was finer (i.e., more clay and silt) at the two upstream reservoir stations (Figure 

3-7). In the Peace River, sediments were fairly fine (40 to 60 % fines), except for PC1 (< 20 % fines) and 

PD2 (< 35 % fines), which both consisted of coarser sediment. 

3.4.4 Temporal Trends for Sediments 

Temporal trends for sediment quality are presented in Figure 3-8. Total mercury concentrations were 

generally between 20 and 100 ˃ g/kg and show no obvious temporal or spatial patterns. Methylmercury 

measurements were more limited but, where available, concentrations were typically < 1 ˃g/kg. The 

2022 results for the ancillary analytes were fairly consistent with historical data, where those were 

available. 

Temporal trends for sediment particle size are shown in Figure 3-9. The results show some variability 

with station groups over time (e.g., coarser sediments in 2019 for both the reservoirs and Peace River 

Upstream groups). This likely reflects the challenge of finding consistent material for sampling over time 

and space. For the most part, sediment particle sizes were fairly similar for the Peace River groups (40 to 

60 % fines). 

  



Site C MMP ς 2022 Report July 2024 

 26 

3.4.5 Tables and Figures 

 

Table 3-5. Overview of MMP sediment quality analytes 

 

  

Analyte

Abbreviated

Name Units MDL

Metals

Total Mercury THg µg/kg 5

Speciated Metals

Methylmercury MeHg µg/kg 0.05

Physical Tests

pH (lab) lab pH - 0.1

Loss on Ignition LOC % 1

Organic / Inorganic Carbon

Total Inorganic Carbon TIC % 0.05

Total Organic Carbon TOC % 0.05

Particle Size

% Gravel (>2 mm) % Gravel (>2 mm) % 1

% Sand (0.063 mm - 2.0 mm) % Sand (0.063 mm - 2.0 mm) % 1

% Silt (0.004 mm - 0.063 mm) % Silt (0.004 mm - 0.063 mm) % 1

% Clay (<4 µm) % Clay (<4 µm) % 1
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Figure 3-6. Results for key mercury-related sediment quality analytes, by station and station groups, 

for reservoir and Peace River locations in 2022  

Site C MMP stations noted with an asterisk (*); log scale used for total mercury and 
methylmercury 
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Figure 3-7. Sediment particle size fractions by station and station groups in 2022, for reservoir and 

mainstem Peace River locations  

Site C MMP stations noted with an asterisk (*) 
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Figure 3-8. Temporal trends in key mercury-related sediment quality analytes, by station group, for 

reservoir and mainstem Peace River locations  

Log scale used for total mercury and methylmercury 
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Figure 3-9. Temporal trends in sediment particle size fractions, by station group for reservoir and 

mainstem Peace River locations 
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3.5 Benthic Invertebrates 

3.5.1 Overview 

Benthic (bottom-dwelling) organisms live 

primarily in or on the bottom substrate. 

Many are the larvae of flying insects such 

as caddisflies, mayflies, midges, and 

dragonflies. Monitoring methylmercury 

concentrations in different groups of 

benthic invertebrates and at different 

locations over time will help us to better 

understand how changes at the base of the 

benthic food web might be contributing to 

fish mercury concentrations. 

Analytes for benthic invertebrate tissue 

samples are listed in Table 3-6. In addition 

to total mercury, methylmercury, and 

moisture content, the MMP also targets 

stable isotopes of nitrogen (N) and carbon 

(C) to provide complementary information 

on feeding ecology. Differences in stable N 

isotopes provide insights into where an organism is feeding in the food web (e.g., if it is an algae-eating 

bug or something bigger that eats algae-eating bugs). Differences in stable C isotopes help to identify 

where the food energy is coming from (e.g., originating from benthic bottom dwelling algae, pelagic 

[water column] phytoplankton, or terrestrial inputs). These measurements are also collected for fish 

(see Section 4) to help build an understanding of the food web and its influence on tissue mercury 

concentrations. Results of the stable isotopes analysis are provided in Appendix B. 

In 2022, benthic invertebrate samples were collected from each of the six Core MMP sampling stations 

(see Section 2.2), using rock baskets. An overview of the process is shown in Figure 3-10. The baskets 

were filled with cobbles sized 5 to 10 cm (length of longest axis) and placed in early August. The baskets 

were retrieved in late September/early October after nearly two months in the river. They were then 

opened in a water-filled bucket, and the basket and cobbles were scrubbed to remove any attached 

algae and invertebrates. After removing the cleaned basket and rocks, the water mixture was sieved to 

Why Sample Benthic Invertebrates ?  

Benthic invertebrates are aquatic organisms residing in 

the bottom substrate of a water body (infauna) or on it 

(epifauna). They are a key food chain component of the 

aquatic food web and are an important food group for 

many fish species, including juveniles of piscivorous 

(fish-eating) fish species. 

As benthic invertebrates colonize freshly inundated 

terrestrial soils, they may be exposed to higher 

methylmercury levels in their food (e.g., bacteria, algae, 

or other invertebrates), leading to increases in their 

tissue methylmercury concentrations. In turn, tissue 

methylmercury concentrations of the fish feeding on 

these invertebrates would also start to increase, but 

more slowly due to their much larger size. Therefore, 

benthic invertebrates will likely be an important 

pathway from higher methylmercury production in the 

newly flooded habitat through the food chain to 

predatory fish. 
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make picking out the invertebrates easier. The invertebrates were then sorted into groups based on 

taxonomy and/or size (e.g., big caddisflies, little caddisflies, mayflies) and placed in a sample vial. More 

details on methods of sampling and analysis are provided in Appendix B. 

3.5.2 2022 Data Quality Assessment 

Data quality for the 2022 benthic invertebrate tissue sampling was assessed as described in Appendix A. 

Data met the data quality objectives of the MMP for all analytes except for the nitrogen stable isotope 

analysis. For nitrogen (ɻ15N), field duplicate quality control (QC) results showed high variability for 

similar organisms collected from the same location. As ʵ15N values provide insights into how high in a 

food web an organism is feeding (its trophic level), the high variability reduces our ability to make strong 

conclusions about potential changes in the trophic level of benthic invertebrates that may occur after 

the reservoir is created. Consequently, the 2022 ɻ15N results for benthic invertebrates will be assigned a 

cautionary flag in the Site C MMP Database, so that any future analyses will be able to take their status 

into account. More details are provided in Section A.3.3.4 in Appendix A.  

3.5.3 2022 Results for Benthic Invertebrates 

The 2022 results for benthic invertebrate tissue chemistry are presented in Figure 3-11. Point colours 

highlight the different taxonomic groups making up the samples in Figure 3-12. A summary of taxonomic 

groups sampled at each station, including a key to the invertebrate class codes, is provided in Table 3-7. 

Total mercury concentrations were highest (75 ng/g dw) in caddisfly larvae (Trichoptera) at the 

upstream-most station, PR1. Most other taxa-station combinations were fairly similar, ranging between 

15 and 40 ng/g dw across the other stations. Methylmercury concentrations were also highest (12.7 

ng/g dw) in bigger caddisfly larvae from PR1, and concentrations show a general decreasing trend 

moving downstream. Percent methylmercury was highest at PR2 (20.7% in bigger caddisfly larvae) and 

lowest (4% in smaller caddisfly larvae) at PR1; PD5 had the lowest percent methylmercury overall. 
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3.5.4 Temporal Trends for Benthic Invertebrates 

Amalgamating data into spatial groups makes it easier to visualize general spatial-temporal patterns in 

the data, and this will become even more helpful once mercury concentrations begin to increase after 

filling the reservoir in fall 2024. Mercury concentrations in benthic invertebrates in 2022 were generally 

lower than observed in previous years. While the data are still somewhat limited, these results are 

consistent with the low potential for meaningful changes in methylmercury concentrations in the Peace 

River associated with river diversion and dam construction (Section 2.1). 

Temporal trends for the primary mercury-related benthic invertebrate tissue chemistry analytes are 

presented Figure 3-13. 
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3.5.5 Tables and Figures 

 

Table 3-6. Overview of MMP tissue quality analytes for benthic invertebrates 

 

Notes: Units and MDL converted to ng/g (ppb). MDLs shown are targets; actual MDLs may vary. No MDLs for SIA. 

 

Table 3-7. Benthic invertebrate tissue sample numbers by type and station for 2022 

  

Note: MMP stations shown with an asterisk (*)  

Analyte

Abbreviated

Name Units MDL

Metals

Total Mercury THg ng/g dw 5

Speciated Metals

Methylmercury MeHg ng/g dw 5

Physical Tests

Moisture %Moist % 2

Stable Isotope Analysis

Nitrogen ʵ15N ҉ -

Carbon ʵ13C ҉ -
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Figure 3-10. Benthic invertebrate sampling overview 

(A) rock baskets ready for deployment, (B) retrieved rock basket, (C) collecting all debris off rocks, 
(D) sorting debris to find invertebrates, (E) sorting invertebrates, and (F) sample vials ready for the 
cooler 
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Figure 3-11. Results for key mercury-related benthic invertebrate tissue quality analytes, by station 

and station group, for reservoir and Peace River locations in 2022  

Site C MMP stations noted with an asterisk (*); Log scale used for total mercury and 
methylmercury 
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Figure 3-12. Results for key mercury-related benthic invertebrate tissue quality analytes, by station 

and station group, for reservoir and Peace River locations in 2022, highlighting taxonomic groups  

Site C MMP stations noted with an asterisk (*); log scale used for total mercury and 
methylmercury 

 

Invertebrate class codes listed in Table 3-7.  
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Figure 3-13. Temporal trends in key mercury-related benthic invertebrate tissue quality analytes, by 

station group, for reservoir and mainstem Peace River locations  

Log scale used for total mercury and methylmercury 

 

  



Site C MMP ς 2022 Report July 2024 

 39 

3.6 Zooplankton 

3.6.1 Overview 

Zooplankton densities in the Peace River 

are currently low and contribute little to 

fish diets (BC Hydro 2013, Vol. 2: App. P 

[Part 1]). However, after the reservoir is 

created, they are expected to be 

substantially more abundant and will be 

the cornerstone of the pelagic (water-

column based) food chain. Changes in 

methylmercury concentrations in surface 

water will drive increases in 

methylmercury concentrations in 

zooplankton. Consequently, they are 

included in the MMP to help us to better 

understand the processes responsible for 

changes in fish mercury concentrations 

after the reservoir is filled. 

Analytes for zooplankton tissue samples 

are the same as for benthic invertebrates 

(see Table 3-8). While the MMP targets 

total mercury, methylmercury, and moisture content, it also targets stable isotopes of nitrogen (N) and 

carbon (C) to provide complementary information on feeding ecology (see Section 3.5 for more 

information). These measurements are also collected in fish (Section 4) to help build an understanding 

of the food web and its influence on tissue mercury concentrations. 

In 2022, zooplankton samples were collected from the Upper Site C (PR1) Core MMP station and two 

non-MMP stations (Williston reservoir [W1] and Dinosaur reservoir [D1]). The reservoir stations were 

added to better characterize baseline conditions. Samples were collected in August and October at the 

same times/locations as surface water sampling. They were collected by towing a zooplankton net 

through the water. Details on methods used for sampling and analysis are provided in Appendix B. 

Why Sample Zooplankton ? 

Zooplankton are aquatic invertebrates that live in the 

water column. In freshwater, they are mainly found in 

lakes and ponds. They can be found in rivers and 

streams, particularly downstream of lakes, but, 

generally, they do not survive well in faster flowing 

environments. 

The water residency time in the Site C reservoir is 

expected to be 23 days, which is potentially sufficient 

time to support a zooplankton community within the 

reservoir. While sampling will also be conducted in the 

tailrace area (immediately below the dam), 

zooplankton density is expected to decrease rapidly 

downstream of the dam, so sampling will not be 

conducted at locations further downstream.  

Zooplankton are an important component of the 

pelagic (water-column based) food chain. Tracking 

changes in their tissue mercury concentrations will help 

to better understand the evolution of fish mercury 

concentrations after the reservoir is created.  
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3.6.2 2022 Data Quality Assessment 

Data quality for the 2022 zooplankton tissue sampling was assessed as described in Appendix A. Overall, 

data met the data quality objectives of the MMP. 

3.6.3 2022 Results for Zooplankton 

The 2022 results for zooplankton tissue chemistry are presented in Figure 3-14. Total mercury 

concentrations were slightly higher (120 ng/g dw) at PR1 in August. Concentrations generally ranged 

between 50 and 100 ng/g dw in zooplankton samples from Williston reservoir (W1) and Dinosaur 

reservoir (D1). One sample from October had the lowest (22.1 ng/g dw) concentrations of total mercury. 

Methylmercury was only detected in two of eight samples. Concentrations were highest (25.4 ng/g dw) 

in Dinosaur reservoir (D1) in one of the August event samples; the other sample in that event was not 

detected (MDL 1 ng/g dw). Percent methylmercury (only calculated when both total mercury and 

methylmercury were detected in a sample) ranged from 1.6 to 25.7 %. 

3.6.1 Temporal Trends for Zooplankton 

Temporal trends for the primary mercury-related zooplankton tissue chemistry analytes are presented 

in Figure 3-15. Mercury concentrations in benthic invertebrates in 2022 were generally consistent with 

previous years. While the data are still somewhat limited, these results are consistent with the low 

potential for meaningful changes in methylmercury concentrations in the Peace River associated with 

river diversion and dam construction (Section 2.1). 
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3.6.2 Tables and Figures 

 

Table 3-8. Overview of MMP tissue quality analytes for zooplankton 

 

Notes: Units and MDL converted to ng/g (ppb). MDLs shown are targets; actual MDLs may vary. No MDLs for SIA.   

Analyte

Abbreviated

Name Units MDL

Metals

Total Mercury THg ng/g dw 5

Speciated Metals

Methylmercury MeHg ng/g dw 5

Physical Tests

Moisture %Moist % 2

Stable Isotope Analysis

Nitrogen ʵ15N ҉ -

Carbon ʵ13C ҉ -
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Figure 3-14. Results for key mercury-related zooplankton tissue quality analytes, by station and 

station group, for reservoir and Peace River locations, in 2022  

Site C MMP stations noted with an asterisk (*); log scale used for total mercury and 
methylmercury 
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Figure 3-15. Temporal trends in key mercury-related zooplankton tissue quality analytes, by station 

group, for reservoir and mainstem Peace River locations  

Log scale used for total mercury and methylmercury 
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4 FISH 

The MMP is designed to characterize fish mercury 

concentrations in the mainstem of the Peace River 

as they evolve over time in relation to the 

construction and operation of the Project. The 

inundation of terrestrial habitat is expected to 

increase mercury methylation rates for a decade or 

so, leading to temporary increases in 

methylmercury concentrations throughout the 

aquatic food chain after the reservoir is created. 

Mercury is found in all fish, but concentrations can 

vary substantially both among and within species. 

Species typically feeding lower in the food web, like Rainbow Trout or Mountain Whitefish, generally 

have lower tissue mercury concentrations than long-lived predatory species that feed predominantly on 

other fish, such as Bull Trout and Walleye. Further, within many species, tissue mercury concentrations 

typically increase as fish get older/bigger. Consequently, it is important to take size into consideration 

when tracking changes in tissue mercury concentrations over space and time to avoid bias due to 

discrepancies in the sizes of fish caught. The MMP handles this by trying to sample a range of fish sizes 

during each event and at each location and by reporting tissue mercury concentration estimates for one 

or more specific sizes for each species/event/location. These specific sizes are often called 

άstandardizedέΩ ǎƛȊŜǎ, and they were selected to be consistent with fish mercury studies in the region 

(e.g., Williston-Dinosaur study; Azimuth 2019) and be informative for the Project. 

  

Why Sample Fish ?  

Fish are the primary focus of the MMP. As 

noted in Section 1.1 (and described further in 

the MMP [BC Hydro 2022]), reservoir creation 

is known to temporarily increase fish mercury 

concentrations. Actively monitoring fish 

mercury concentrations as they evolve at Site 

C, both within and downstream of the reservoir 

in the Peace River, will enable us to provide 

information on how much fish is safe for 

people to eat. 
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The Core MMP tracks total mercury in six 

targeted fish species at a series of 

locations extending from Peace Canyon 

Dam to Many Islands, Alberta (Section 

2.2). The six species targeted in the MMP 

(see text box) were selected based on 

their falling into at least one of the 

following categories: 

¶ Top predators ς selected because 

they are expected to have the 

highest mercury concentrations; 

¶ Key prey species ς selected 

because, while they are expected 

to have lower mercury 

concentrations, targeting them 

will assist with tracking the 

progression of mercury changes 

through the food web; 

¶ Species is present in sufficient 

numbers, based on its current and 

potential future distribution ς selected because sufficient numbers of a species need to be 

present to efficiently catch enough fish to characterize tissue mercury concentrations; and 

¶ Species is important to Indigenous harvesters and/or recreational fishers. 

More information on the six target fish species is provided in the MMP (BC Hydro 2022). 

Analytes for fish tissue samples are listed in Table 4-1. In addition to total mercury, methylmercury, and 

moisture content, the MMP also targets stable isotopes of nitrogen (N) and carbon (C) to provide 

complementary information on feeding ecology. Differences in stable N isotopes provide insights into 

where an organism is feeding in the food web (e.g., if it is an algae-eating bug or something bigger that 

eats algae-eating bugs). Differences in stable C isotopes help to identify where the food energy is 

coming from (e.g., originating from benthic [bottom dwelling] algae, pelagic [water column] 

phytoplankton, or terrestrial inputs). 

What Species Does the MMP Target?  

Bull Trout (Salvelinus confluentus) �t top predator; 

abundant above and below Site C Dam; consumed by 

people 

Walleye (Sander vitreus) �t top predator; abundant below 

Site C Dam; consumed by people  

Rainbow Trout (Oncorhynchus mykiss) �t invertebrate-

eating; abundant upstream of Site C Dam; consumed by 

people 

Mountain Whitefish (Prosopium williamsoni) �t 
invertebrate-eating; abundant; important prey species; 

infrequently consumed by people 

Longnose Sucker (Catostomus Catostomus) �t 
invertebrate-eating; abundant; important prey species; 

infrequently consumed by people 

Redside Shiner (Richardsonius balteatus) �t invertebrate-

eating; abundant; small-bodied fish; important prey 

species; not consumed by people 
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Table 4-1. Overview of MMP fish tissue quality analytes and other key metrics 

 

Notes: Units and MDL converted to ng/g (ppb). MDLs shown are targets; actual MDLs may vary. No MDLs for SIA. 

  

Analyte

Abbreviated

Name Units MDL

Metals

Total Mercury THg ng/g dw 5

Speciated Metals

Methylmercury MeHg ng/g dw 5

Physical Tests

Moisture %Moist % 2

Stable Isotope Analysis

Nitrogen ʵ15N ҉ -

Carbon ʵ13C ҉ -

Morphometrics

Fork Length FL mm -

Weight Wt g -

Aging

Age Age yr -
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4.1 Data Overview 

Baseline fish mercury sampling for Site C 

initially started in 2010/2011 to support 

the EIS. Subsequently, monitoring was 

continued from 2017 to 2020, with 

samples being collected by the team 

conducting the Peace River Large Fish 

Indexing Survey (Mon-2, Task 2a of the 

FAHMFP; BC Hydro 2015). Fish mercury 

data through 2020 were then analyzed to 

update our understanding of baseline 

conditions (Azimuth 2021). A key finding 

was that tissue mercury concentrations for 

most species had approximately doubled 

between the early period (2010ς2011) and 

the more recent period (2017ς2020). 

Reservoir filling had not yet occurred, so 

the change is not related to the 

development of Site C. Three possible 

factors were identified as potential causes of the observed increase in fish tissue mercury 

concentrations: climate change, forest fires, and/or logging activity.  

Additional limited sampling was conducted in 2021, primarily to improve the baseline data set for Bull 

Trout. Samples were collected under the Site C Contingent Boat Electrofishing Program conducted 

immediately downstream of the Project ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ tǊƻƧŜŎǘΩǎ ¦ǇǎǘǊŜŀƳ CƛǎƘ tŀǎǎŀƎŜ tǊƻƎǊŀƳ. 

One of the outcomes of the analysis of the 2010ς2020 baseline fish mercury data was a 

recommendation to undertake a full MMP sampling event in a single year before the reservoir is 

created. The main rationale was two-fold: (1) to provide an opportunity to implement a full, single-year 

sampling event using the MMP methodology (i.e., to make sure that there are no unforeseen issues) and 

(2) to improve the baseline fish mercury dataset. 

 

Mercury Measurements in Fish  

Mercury can exist in several forms in the environment. 

These include elemental mercury (metallic; liquid 

�^�‹�µ�]���l�•�]�o�À���Œ�_�����š���î�ì °C), inorganic mercury compounds 

such as cinnabar (HgS), and organic mercury 

compounds such as methylmercury (CH3Hg).  

In fish tissue, most mercury is present as methylmercury 

(Bloom 1992). Measuring methylmercury directly is 

considerably more expensive than measuring total 

mercury, which includes methylmercury. Consequently, 

most fish mercury studies rely on total mercury 

measurements and assume that it is all present as 

methylmercury. 

�/�v���š�Z�]�•�����}���µ�u���v�š�U���µ�v�o���•�•���•�‰�����]�(�]�������}�š�Z���Œ�Á�]�•���U�����}�š�Z���^�š�}�š���o��
�u���Œ���µ�Œ�Ç�_�����v�����^�u���Œ���µ�Œ�Ç�_�����Œ�������•�•�µ�u�������š�}���Œ���(���Œ���š�}��
methylmercury in the context of fish tissue.  



Site C MMP ς 2022 Report July 2024 

 48 

4.1.1 MMP Fish Data  

The 2022 event was the first monitoring cycle conducted under the MMP (BC Hydro 2022). An overview 

of the 2022 program is presented in Table 4-2 (locations shown in Figure 2-1). The Core MMP program 

focuses primarily on total mercury, but it also includes stable isotope analysis (SIA) to provide 

supporting information on feeding preferences. In addition, methylmercury analyses were conducted on 

a subset of the 2022 Core MMP tissue chemistry samples to obtain baseline information on how much 

of the total mercury measured in fish is in the form of methylmercury. A data quality assessment of the 

2022 MMP data is provided in Appendix A.  

MMP fish tissue sampling in 2022 was conducted by WSP Canada Inc. in conjunction with Mon-2, Task 

2a of the FAHMFP.  

 

Table 4-2. Species/location combinations for fish sampling in the 2022 MMP 

  

Site C Reservoir

Site C Reservoir 

(Section 1 and 3)

Site C Tailrace 

(Section 5)

Beatton-

Kiskatinaw 

(Section 7)

Many Islands 

(Section 9)

Bull trout

sampling year

target 35 samples/event 

target fish length: 

250 - 600+ mm 

�9 x x x

Rainbow Trout

sampling year

target 35 samples/event

target fish length: 

250 - 500 mm 

�9 x x x

Mountain whitefish

sampling year

target 35 samples/event 

target fish length: 

250 - 500 mm 

�9 �9 �9 �9

Longnose sucker

sampling year

target 35 samples/event 

target fish length: 

250 - 500 mm 

�9 �9 �9 �9

Redside shiner

sampling year

target 35 samples/event 

target fish length: 

60 - 120 mm 

�9 �9 �9 �9

Walleye

sampling year

target 35 samples/event 

target fish length: 

250 - 600+ mm 

x x �9 �9

Peace River Downstream

Target Species Sampling Details
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4.1.2 Historical Fish Data  

Fish mercury data collected since 2008 have been integrated into the Site C MMP fish mercury database 

to provide temporal context (Table 4-3). Sampling locations (Figure 2-1) have remained constant across 

the entire period.  

A data quality assessment of the 2010 through 2020 was conducted by Azimuth (2021); the assessment 

of data quality for 2021 and 2022 in Appendix A. 

 

Table 4-3. Historical fish mercury data relevant to the MMP 

Year Report Citation 

2021 This report This report 

2017 to 2020 Site C Clean Energy Project. Baseline Peace 

River (2010 �t 2020) 

Azimuth 2021 

2010 to 2011 Site C Clean Energy Project. 2010 & 2011 

Status of Mercury in Benthic Invertebrates 

and Fish �t Peace River and Dinosaur 

Reservoir 

Azimuth 2012 

2008 Site C Fisheries Studies �t Mercury Levels in 

Peace River Fish Tissue �t Data Report 2008 

Mainstream 2009 

 

4.1.3 Summary of the Integrated Fish Dataset 

Collectively, the 2022 MMP and historical data are referred to as the Core MMP dataset or, simply, as 

the dataset. 

Time Periods 

!ȊƛƳǳǘƘΩǎ initial statistical analysis of the 2010 to 2020 data supported grouping data into two time 

periods: 2010ς2011 and 2017ς2020 (Azimuth 2021). Since that analysis, slightly earlier data (from 2008) 

were identified, which helped to improve characterizing length-mercury relationships for Bull Trout and 

Mountain Whitefish for that period; these 2008 data were grouped with the 2010ς2011 data. The 2021 

data were collected to help fill some data gaps in the 2017ς2020 dataset, so these datasets were 

grouped together (i.e., 2017ς2021).  
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The 2022 data are the first fish mercury data collected following the MMP; while we do not expect to 

see meaningful changes relative to the 2017-2021 time period, 2022 was treated as a stand-alone event 

to match the year-specific approach that will be used once Site C is in the operations phase (i.e., after 

reservoir filling). Given that we have observed temporal changes in fish mercury concentrations since 

the baseline period (Azimuth 2021), treating 2022 as a discrete year provides an up-to-date 

characterization of conditions prior to reservoir filling. That said, both the 2017-2021 and 2022 data 

represent conditions prior to reservoir filling, so if these analyses presented herein show no meaningful 

difference between the data, then the 2022 data could be amalgamated with the 2017-2021 data if 

needed in the future. In summary, the analyses presented herein refer to three time periods: 2008ς

2011, 2017ς2021, and 2022. 

Locations 

The MMP (BC Hydro 2022) provides details on fish sampling locations both before and after reservoir 

inundation. The locations include Sections 1, 3, 5, 7, and 95 of the Peace River. The main difference is 

that after the Site C reservoir has been created Sections 1 and 3 will be amalgamated. Even though 

reservoir filling has not yet occurred, we grouped Sections 1 and 3 in our analyses to match how the 

data will be analyzed during operation of the Project. 

Coarse Outlier Screening  

This initial screening was conducted to identify gross outliers in the Core MMP dataset. The process 

focused on three key relationships: length vs weight, nitrogen stable isotope ratios vs mercury 

concentrations, and length vs mercury concentrations. Note that these relationships were examined for 

each target species without considering time period or sampling location. Two types of outliers were 

identified: High Residual points (studentized residuals җ пύ ŀƴŘ IƛƎƘ [ŜǾŜǊŀƎŜ Ǉƻƛƴǘǎ ό/ƻƻƪΩǎ ŘƛǎǘŀƴŎŜ җ 

0.5). Based on this, 20 fish were excluded from further analysis (see Section 1.1 in Appendix C for 

details). 

Summary of Core MMP Samples, Fish Mercury, and Feeding Relationships 

The Core MMP dataset has data for 1,973 fish mercury samples across 13 species. Total mercury sample 

numbers for the Core MMP dataset are provided for each species by time period (Table 4-4) and 

location (Table 4-5). In addition to the six target MMP species, there are tissue mercury data for Burbot 

 

 

5 Historical data are also available for Sections 6 and 8, but these sampling areas were not included in the MMP due to limited data. 
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(BB), Largescale Sucker (CSU), Goldeye (GE), Arctic Grayling (GR), Lake Trout (LT), Northern Pike (NP), 

and White Sucker (WSU)6. Note that a single Kokanee data point (captured in Section 1 in 2021) was 

excluded from the analysis. 

Total mercury concentrations ranged from 0.009 to 0.99 mg/kg ww across the dataset. Results for each 

species are presented in Figure 4-1. This plot does not take fish size into consideration, but does show 

relative differences in tissue mercury concentrations among species. Walleye generally have the highest 

mercury concentrations, but Bull Trout, Burbot, Goldeye, and Northern Pike are also relatively high 

compared to species such as Rainbow Trout, Redside Shiner, and Arctic Grayling. These latter species 

feed lower in the food chain and have the lowest tissue mercury concentrations among the sampled 

species. 

Stable isotope results provide insights into general feeding relationships across species. Results from the 

MMP target species by time period and location are provided in Figure 4-2. Higher ɻ 15N values mean 

that a species is feeding higher in the food chain. Consequently, it is not surprising that species with 

higher ɻ 15N values also, generally, had higher total mercury concentrations (see plots showing key 

mercury-related data for target species in Appendix C). Stable isotope results for these species and 

other species not targeted by the MMP in the Peace River are reported elsewhere (Golder 2021).   

 

 

6 Non-MMP species were retained in the Core MMP dataset if they had five or more tissue mercury data points across all years/locations. The --

only species excluded on this basis was Kokanee, which had a single data point (from Section 1 in 2021). 
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Table 4-4. Core MMP sample numbers by species and time period 

-  

Table 4-5. Core MMP sample numbers by species and location 
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Figure 4-1. Total mercury concentrations in MMP fish tissue samples by species 

 

See notes from Table 4-4 for fish species abbreviation key. 
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Figure 4-2. Stable isotope results for MMP target species, by time period and location 

 

See notes from Table 4-4 for fish species abbreviation key.  
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4.2 Analysis Overview 

Detailed analysis of the Core MMP dataset through 2022 is provided in Appendix C. Key elements of 

that process were as follows: 

Data Overview. Catch refers to the fish that were caught, sampled for mercury analysis, and which pa-

ssed the coarse outlier screen. The catch and data summary presents the sample size, mean and range 

for length, weight, condition7, age, mercury concentration and the stable isotopes ʵ13C and ɻ15N (see 

Appendix C). 

General Mercury Relationships. Length, weight, age and feeding preferences can all influence fish 

mercury concentrations. Plots are used to explore the following key relationships: 

¶ Length-Weight. The length-weight relationship shows how weight increases as fish get longer. 

¢Ƙƛǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ƛǎ ǳǎǳŀƭƭȅ άstrongέ ƛƴ ǘƘŀǘ ǘƘŜ ǊŀƴƎŜ ƻŦ ƻōǎŜǊǾŜŘ ǿŜƛƎƘǘǎ ŦƻǊ ŀ ƎƛǾŜƴ ŦƛǎƘ ƭŜƴƎǘƘ 

is narrow relative to the other relationships. Consequently, this plot is useful for identifying 

outliers such as incorrectly entered data or unhealthy fish (see Appendix C).  

¶ Age-Length. Age-length relationships show how fish length increases as fish get older. These 

relationships are typically variable and show a wide range of length values for each age. This 

variability makes it harder to identify outliers, but the plots can still provide useful insights into 

growth patterns and how they influence mercury concentrations (see Appendix C). 

¶ Length-Mercury. Length-mercury is the typical mercury relationship because concentrations 

increase as fish length increases. Length is simple to measure and highly repeatable, so 

measurement error tends to be low. Mercury concentrations are also positively correlated to 

weight and age, but measurement error for both those variables relative to length is higher 

(e.g., being off by a year for age would be a 100% error for a one-year-old fish, and the time 

ǎƛƴŎŜ ŀ ŦƛǎƘΩǎ ƭŀǎǘ ƳŜŀƭ Ŏŀƴ ƛƴŦƭǳŜƴŎŜ ǿŜƛƎƘǘύΦ ¢Ƙƛǎ Ƴakes weight and age correlations less useful 

than length, particularly for comparing patterns over time or space (presented in following 

sections and in Appendix C). 

¶ Length-�w15N. Fish are known to change their diet as they get bigger, because their larger size 

enables them to feed at higher trophic positions (see Appendix C).  

 

 

7 Condition is a measure of the weight of a fish relative to its length. It is calculated as (weight/length3 x 100) and is represented by the letter K. 

Fis-h with higher condition weigh more for their size than fish with lower condition. 
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¶ �w15N-Mercury. ɻ 15N values increase as the position of a fish in the food chain (trophic position) 

increases . This relationship essentially shows how feeding preferences affect mercury 

concentrations in fish tissue. The expectation is for higher tissue mercury concentrations in fish 

that feed higher in the food chain (see Appendix C). 

Length-Mercury Relationships (for target species only). As discussed previously, when looking at 

patterns in fish mercury concentrations over time or space it is important to consider fish size (length); 

failing to do ǎƻ Ŏŀƴ ƭŜŀŘ ǘƻ ōƛŀǎŜŘ ǊŜǎǳƭǘǎΦ ¢ƘŜ ŀǇǇǊƻŀŎƘ ǿŜ ǳǎŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ όƻǊ άƳƻŘŜƭέύ ǘƘŜ ƭŜƴƎǘƘ-

mercury relationships is presented in detail in Appendix C. An example of the process using hypothetical 

data to compare fish mercury concentrations in one species between two locations, one with lower 

tissue mercury concentrations and the other higher, is shown in Figure 4-3. The process is as follows: 

¶ The upper panels show the length-mercury relationship for a single species at two locations for a 

single time period. The points are the raw data (i.e., total mercury concentration and fork length 

for each fish). The solid blue line is the best estimate of the relationship, and the lighter blue 

shaded areas are the 95% confidence limits of that estimate. The more closely that the best 

estimate fits the data, the closer the confidence limits will be to the best estimate. 

¶ The upper panels also show how the length-mercury relationship relates to the estimate of 

mercury concentration for a 600 mm fish for each location. Start at 600 mm on the x axis and 

move up (shown with a vertical green line for Location A and a red line for Location B) until you 

intersect the best fit (solid) line, then move horizontally (green horizontal line for Location A and 

a red line for Location B) to the y axis to find the corresponding best estimate mercury 

concentration for that fish size. The same process applies to the lower and upper confidence 

limits (shown as dashed green or red lines for Locations A or B, respectively). 

¶ The lower panel compares the tissue mercury concentration estimates (square box) and 95% 

confidence limits (vertical lines) for a 600-mm fish for Location A (green) and Location B (red).  

H-ighlights of the analyses for target species are presented in the following sections. 
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Figure 4-3. Example of length-mercury relationship characterization and deriving mercury concentration estimates for a 600 mm fish 

using a hypothetical dataset 

-  
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4.3 Mercury in Target Fish Species  

4.3.1 Bull Trout 

Total mercury sample numbers for Bull Trout by fish size class, location, and time period are summarized 

in T-able 4-6. Only 4 fish were collected in 2008ς2011 from Section 5 of the Peace River. For the 2017ς

2021 and 2022 time periods, the fish sampled in Sections 1 to 3 were generally smaller than those 

sampled in Section 5. Given that Bull Trout caught in the Peace River are considered to primarily come 

from the Halfway River population, this is most likely due to the timing of sampling (late summer/fall) 

relative to the timing of fish movements in the river (e.g., returning to the Halfway River to spawn in the 

fall). 

Raw data and fitted length-mercury relationships for Bull Trout by location and time period are shown in 

Figure 4-4. These relationships were used to estimate tissue mercury concentrations and their 

associated 95% confidence limits for each location/time period combination, for up to three sizes of Bull 

Trout (400 mm, 550 mm, and 700 mm; Figure 4-5). Location/time period/size combinations were not 

provided if there were no underlying data to support them (e.g., all sizes from Section 5 in 2010ς2011).  

The results show a clear increase between the 2008ς2011 and 2017ς2021 time periods for all three 

sizes. Tissue mercury concentrations were marginally higher in 2022 than in 2017ς2021. 

Updated fish consumption guidance based on the 2022 results for Bull Trout is provided in Section 6.2. 

T-able 4-6. Bull Trout total mercury sample numbers by size class, location, and time period 
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Figure 4-4. Length-mercury plots showing final model fits (and ±95% confidence intervals) for Bull 

Trout 

 

Axis scaling: x-axis = log10; y-axis = log10. 

Figure 4-5. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of Bull 

Trout using the best model 
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4.3.2 Walleye 

Total mercury sample numbers for Walleye by fish size class, location and time period are summarized 

in Table 4-7. The only samples collected in 2008ς2011 were from Section 7 (six fish only) of the Peace 

River. The remaining location/time period combinations generally had 21 or more mercury samples. The 

300 to 400 mm and 400 to 500 mm size classes were the most represented in the dataset, followed by 

the 200 to 300 mm size class. 

Raw data and fitted length-mercury relationships for Walleye by location and time period are shown in 

Figure 4-6. These relationships were used to estimate tissue mercury concentrations and their 

associated 95% confidence limits for each location/time period combination, for up to three sizes of 

Walleye (300 mm, 400 mm, and 500 mm; Figure 4-7); location/time period/size combinations were not 

provided if there were no underlying data to support them (e.g., all sizes from Sections 5 and 9 in 2008ς

2011).  

The results for 400 mm Walleye from Section 7 show a clear increase between the 2008ς2011 and 

2017ς2021 time periods. There was no change observed in tissue mercury concentrations between 

2017ς2021 and 2022. 

Updated fish consumption guidance based on the 2022 results for Walleye is provided in Section 6.2. 

 

Table 4-7. Walleye total mercury sample numbers by size class, location, and time period 
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Figure 4-6. Length-mercury plots showing final model fits (and ±95% confidence intervals) for Walleye 

 

Axis scaling: x-axis = log10; y-axis = log10.  
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Figure 4-7. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of Walleye 

using the best model 
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4.3.3 Rainbow Trout 

Total mercury sample numbers for Rainbow Trout by fish size class, location, and time period are 

summarized in Table 4-8. All samples were from Sections 1 and 3 of the Peace River. The 200 to 300 mm 

and 300 to 400 mm size classes were the most represented in the dataset, followed by the 400 to 500 

mm size class. 

Raw data and fitted length-mercury relationships for Rainbow Trout by location and time period are 

shown in Figure 4-8. These relationships were used to estimate tissue mercury concentrations and their 

associated 95% confidence limits for each location/time period combination for up to three sizes of 

Rainbow Trout (250 mm, 325 mm, and 400 mm; Figure 4-9).  

The results for Rainbow Trout show a decrease in tissue mercury concentrations in 2017ς2021 and 2022 

relative to 2010ς2011; this result may be due to the relatively low sample size in 2008ς2011. There was 

essentially no change in Rainbow Trout tissue mercury concentrations observed between the 2008ς

2011, 2017ς2021, and 2022 time periods.  

Updated fish consumption guidance based on the 2022 results for Rainbow Trout is provided in Section 

6.2. 

 

Table 4-8. Rainbow Trout total mercury sample numbers by size class, location, and time period 
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Figure 4-8. Length-mercury plots showing final model fits (and ±95% confidence intervals) for Rainbow 

Trout 

 

Axis scaling: x-axis = none; y-axis = log10. 

Figure 4-9. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of Rainbow 

Trout using the best model 
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4.3.4 Mountain Whitefish 

Total mercury sample numbers for Mountain Whitefish by fish size class, location, and time period are 

summarized in Table 4-9. Overall, Mountain Whitefish are fairly well distributed across all sections. 

There were no samples collected in 2010ς2011 from Sections 5 and 9 of the Peace River. Most 

Mountain Whitefish sampled were in the 200 to 300 mm and 300 to 400 mm size classes, with the 400 

to 500 mm size class being the next most represented. 

Raw data and fitted length-mercury relationships for Mountain Whitefish by location and time period 

are shown in Figure 4-10. These relationships were used to estimate tissue mercury concentrations and 

their associated 95% confidence limits for each location/time period combination for up to three sizes of 

Mountain Whitefish (275 mm, 350 mm and 425 mm; Figure 4-11); location/time period/size 

combinations were not provided if there were no underlying data to support them (e.g., all sizes at 

Sections 5 and 9 in 2008ς2011).  

The results show a clear increase between the 2008ς2011 and 2017ς2021 time periods for all three 

sizes. Tissue mercury concentrations were marginally lower in 2022 than in 2017ς2021. 

Updated fish consumption guidance based on the 2022 results for Mountain Whitefish is provided in 

Section 6.2. 

 

Table 4-9. Mountain Whitefish total mercury sample numbers by size class, location, and time period 
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Figure 4-10. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Mountain Whitefish 

 

Axis scaling: x-axis = none; y-axis = log10. 
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Figure 4-11. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of 

Mountain Whitefish using the best model 
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4.3.5 Longnose Sucker 

Total mercury sample numbers for Longnose Sucker by fish size class, location, and time period are 

summarized in Table 4-10. Overall, Longnose Sucker are fairly well distributed across all sections. There 

were no samples collected in 2008ς2011 from Sections 5 and 9 of the Peace River. Most Longnose 

Sucker sampled were in the 200 to 300 mm, 300 to 400 mm, and 400 to 500 mm size classes. 

R-aw data and fitted length-mercury relationships for Longnose Sucker by location and time period are 

shown in Figure 4-12. These relationships were used to estimate tissue mercury concentrations and 

their associated 95% confidence limits for each location/time period combination for up to three sizes of 

Longnose Sucker (325 mm, 375 mm and 425 mm; Figure 4-13); location/time period/size combinations 

were not provided if there were no underlying data to support them (e.g., all sizes at Sections 5 and 9 in 

2008-2011).  

The results show an increase between the 2008ς2011 and 2017ς2021 time periods for all three sizes. 

Tissue mercury concentrations were marginally lower in 2022 than in 2017ς2021. 

Updated fish consumption guidance based on the 2022 results is provided in Section 6.2. 

 

Table 4-10. Longnose Sucker total mercury sample numbers by size class, location, and time period 
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Figure 4-12. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Longnose Sucker 

 

Axis scaling: x-axis = none; y-axis = log10. 
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Figure 4-13. Estimates of mercury concentrations (±95% confidence intervals) in select sizes of 

Longnose Sucker using the best model 
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4.3.6 Redside Shiner 

Total mercury sample numbers for Redside Shiner by fish size class, location, and time period are 

summarized in Table 4-11. In addition, there were some methylmercury samples from Section 5 (six fish) 

and Section 7 (four fish) in the 2017ς2021 time period. Sampling prior to 2022 was fairly limited. 

Consequently, for 2022 the results were initially looked at only for spatial patterns across the sections.  

Raw data and fitted length-mercury relationships for Redside Shiner by location are shown in Figure 

4-14. These relationships were used to estimate tissue mercury concentrations and their associated 95% 

confidence limits for each location for three sizes of Redside Shiner (75 mm, 85 mm, and 95 mm; Figure 

4-15). Overall, total mercury concentrations were low and fairly similar across sizes and locations. Total 

mercury concentrations increased slightly across the three sizes but, generally, they decreased slightly 

from Sections 1 and 3 through Section 9. 

Raw data for total mercury and methylmercury (where total mercury not available) by location and time 

period for Redside Shiner are shown in Figure 4-16. Only Section 5 had data for each time period. Given 

the limited data, mean mercury concentrations (and associated 95% confidence intervals) were 

calculated for each time period rather than trying to fit a length-mercury relationship (Figure 4-17). The 

results are variable and do not show any clear temporal trends. 

This species was included in the MMP to monitor mercury concentrations in key forage fish. As there is 

no information to suggest they are harvested for consumption, no fish consumption guidance is 

provided in Section 6.2. 

Table 4-11. Redside Shiner total mercury sample numbers by size class, location, and time period 
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Figure 4-14. Length-mercury plots showing final model fits (and ±95% confidence intervals) for 

Redside Shiner, for 2022 only 

 

Axis scaling: x-axis = log10; y-axis = log10. 

  












































