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Abstract 
Mercury (Hg) is a globally distributed contaminant that, in its methylated form (methyl mercury 

(MeHg)), is a potent neurotoxin that bioaccumulates and biomagnifies in aquatic food webs. At high enough 

exposures, Hg can pose risks to wildlife and human health. While Hg concentrations in aquatic ecosystems 

have been relatively well-studied in boreal systems, less research has been conducted in Arctic freshwater 

ecosystems, particularly in Barrenland tundra lakes that are increasingly affected by industrial activity and 

climate-driven change. This thesis examined the effects of a mine-related flooding event at the Amaruq 

project site in Nunavut, Canada, on aqueous and biological concentrations of Hg in a series of shallow 

Arctic lakes. Concentrations of total mercury (THg) and methyl mercury (MeHg) in water, indicators of 

organic matter (OM) quantity and quality in water, including concentrations of dissolved organic carbon 

(DOC), humification index (HIX), and specific ultraviolet absorbance (at 254 nm; SUVA) and 

concentrations of Hg in the tissues of Slimy Sculpin (Cottus cognatus) and Ninespine Stickleback 

(Pungitius pungitius), were compared: 1) before and after flooding in impacted lakes; and, 2) between 

flooded and reference lakes in the post-flood years. A series of potential covariates of fish Hg 

concentrations, including fish age, condition, C: N, δ13C, and δ15N, were also compared between pre- and 

post-flood years and between flooded and reference lakes. 

Aqueous concentrations of THg and MeHg were significantly higher in flooded lakes compared to 

reference lakes (THg filtered: p = 0.01; MeHg filtered: p < 0.001) in post-flood years. In flooded lakes, 

concentrations of THg and MeHg were significantly higher in post-flood years compared to pre-flood years 

(p < 0.05) whereas there were no significant differences among years in reference lakes (p > 0.28). 

Concentrations of DOC were significantly higher in flooded lakes than in reference lakes in post-flood 

years (p < 0.001), suggesting increased terrestrial OM inputs. Higher MeHg concentrations and higher % 

MeHg in water in flooded lakes relative to reference lakes in post-flood years may indicate that terrestrial 

OM inputs increased net Hg methylation rates, but there was no difference in % MeHg between pre- and 

post-flood years in the flooded lakes (p < 0.05). Evidence for enhanced methylation post-flood is thus 

mixed, and more research is necessary. 

Fish tissue Hg concentrations were significantly higher in flooded lakes than in reference lakes in 

the post-flood years for both Slimy Sculpin (p < 0.001 in 2020 and 2021) and Ninespine Stickleback (p = 

0.002 in 2021). Within flooded lakes, tissue Hg concentrations in both species were significantly higher in 

the post-flood years relative to pre-flood years (Slimy Sculpin: F₃,₂₆₁.₇₁ = 14.53, p < 0.001; Ninespine 

Stickleback: F₃,₁₁.₀₆ = 33.96, p < 0.001). Flooding-induced increases in fish Hg concentrations appeared to 

be most closely related to concomitant decreases in δ¹³C; δ¹³C ratios were significantly more depleted in 

post-flood years (Slimy Sculpin: F₃,₃₁₅.₂₈ = 20.11, p < 0.0001; Ninespine Stickleback: F₃,₃₆₇.₃₃ = 5.38, p = 
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0.001) compared to pre-flood years, and were negatively correlated with fish Hg concentrations (Slimy 

Sculpin: r = -0.72; Ninespine Stickleback: r = -0.63). These results suggest a shift in basal carbon sources, 

likely reflecting increased reliance on terrestrially derived, allochthonous OM. The strong correlation 

between δ¹³C and Hg concentrations indicates that OM dynamics played a central role in driving Hg 

bioaccumulation in the food web. Other potential covariates of fish Hg concentrations, including relative 

condition, C:N ratio, and length-at-age, explained less variation in Hg concentrations and/or did not appear 

to be affected by flooding, although weak negative correlations between Hg concentrations and condition 

were observed.  

While the general patterns observed in this study align with findings from boreal systems subjected 

to flooding, it is possible that Arctic lakes are uniquely vulnerable to flooding-induced Hg mobilization and 

increases in fish Hg concentrations due to their low productivity and catchments with permafrost. These 

characteristics may increase the release of OM and Hg during flooding and increase bioaccumulation of 

newly released Hg. Despite limitations in sampling design and data availability, results of this study provide 

the first empirical evidence linking industrial flooding to increases in Hg concentrations in Arctic lakes. 

Results underscore the need for long-term contaminant monitoring in remote tundra regions where climate 

warming, industrial development, and permafrost degradation are expected to intensify. Given the cultural 

importance of fish for northern communities, understanding how environmental disturbances affect Hg 

bioaccumulation is critical for protecting both ecosystem and human health in the Arctic. 
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Chapter 1: Introduction  

1.1 Background  

Mercury (Hg) is a naturally occurring metal that can be released into the atmosphere through both 

natural processes (e.g., volcanic eruptions) and human activities (e.g., cement production, small-scale gold 

mining) (AMAP, 2019; Burke, 2019; Lewis, 2018; Schroeder, 1998). Once in the atmosphere, gaseous 

elemental Hg (Hg (0)) has a long residence time (0.7 to 1.4 years), which allows it to travel vast distances, 

including to remote areas (AMAP, 2011; Burke, 2019; Schroeder, 1998). Atmospherically transported Hg 

can be deposited on landscapes and waterbodies, often after oxidation to Hg2+ (AMAP, 2011; Burke, 2019; 

Schroeder 1998). Gaseous elemental Hg can also be absorbed directly by plants (Obrist et al., 2017).  

 The Arctic acts as a “sink” for atmospheric Hg (Fitzgerald et al., 2005; French et al., 2014). 

Atmospheric transport accounts for nearly half of the annual Hg inputs to Arctic ecosystems (AMAP, 2011), 

though ocean currents, river discharge, and erosion also contribute (AMAP, 2011, Fitzgerald et al., 2005; 

French et al., 2014). It is primarily the oxidized form of Hg (Hg2+) that is deposited on snow, ice, water, 

vegetation, and soils, where it can be transformed into methyl mercury (MeHg), the toxic, biomagnifying, 

and bioaccumulative form (AMAP, 2011). The microbial transformation of inorganic Hg (i.e., mercuric 

chloride [HgCl2], mercuric sulfide [HgS], and mercuric oxide [HgO]) into MeHg is primarily mediated by 

sulfate-reducing bacteria, iron-reducing bacteria, methanogens, and some algae (Bravo et al., 2017; Hall et 

al., 2009; Johnston et al., 1991). Previously, methylation was thought to occur mainly in anoxic bottom 

sediments, but recent research suggests it can also occur in nearshore aquatic environments, terrestrial 

sediments (i.e., in catchments), and wetlands, where anoxic conditions and sufficient organic matter (OM) 

support methylating microbes (AMAP, 2011; Bravo et al., 2017; Moslemi-Aqdam et al., 2022).  

Once in aquatic systems, MeHg bioconcentrates from water into lower trophic level organisms, 

bioaccumulates in individual organisms, and biomagnifies through food webs (e.g., Atwell et al., 1998; 

Boening, 2000; Clarkson, 2002; Clayden et al., 2015; Depew et al., 2013; Hammerschmidt & Fitzgerald, 

2006; Kidd et al., 1995). This leads to high Hg concentrations ([Hg]) in long-lived, slow-growing, top 

predators, including certain fish species (Atwell et al., 1998; Boening, 2000; Clarkson, 2002; Clayden et 

al., 2015; Depew et al., 2013; Hammerschmidt & Fitzgerald, 2006; Kidd et al., 1995). Notably, MeHg 

biomagnification rates increase with latitude (see Sumner et al., 2020), making Arctic ecosystems 

particularly vulnerable to Hg accumulation in aquatic food webs. Studies highlight concerns over Hg 

contamination in Arctic fish species, particularly in lakes and rivers influenced by thawing permafrost, 

which can release additional Hg into aquatic ecosystems (AMAP, 2021; Schaefer et al., 2020). In Arctic 

freshwater food webs, fish often occupy the highest trophic level, leading to elevated [Hg] (e.g., Bilodeau 
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et al., 2016; Morris et al., 2022; Wheatley & Paradis 1995). Since fish are the primary food source for 

Indigenous communities (e.g., Moslemi-Aqdam et al., 2022) and Arctic wildlife, understanding the spatial 

and temporal variability of [Hg] is critical for assessing ecological and human health risks. Exposure to 

MeHg poses risks to both wildlife and human health. MeHg is a neurotoxin and endocrine disruptor that 

can impair neurological function. At high enough concentrations, exposure to MeHg can cause 

immunotoxic effects and fetal mortality (Tan et al., 2009). Arctic populations of humans are among the 

most exposed to Hg globally, due to reliance on traditional foods that can be high in MeHg (AMAP, 2021).  

Climate change and industrial development are altering Hg transport and biogeochemistry in the 

Arctic. Melting sea ice increases Hg exchange between the ocean and atmosphere, and permafrost thaw 

releases previously stored “legacy” Hg (AMAP, 2011; Atwell et al., 1998; Boening, 2000; Depew et al., 

2013; Laske et al., 2022; Poissant et al., 2008; Willacker et al., 2016). Permafrost soils contain significantly 

more Hg than non-permafrost soils; northern Canadian permafrost is estimated to store ~ 1,656 grams (g) 

of Hg (Schuster et al., 2018), which can be mobilized by warming temperatures and development-related 

disturbance. Researchers conducting studies that contribute to the Arctic Monitoring Assessment Program 

(AMAP) have raised concerns about increasing [Hg] in terrestrial and aquatic biota (Morris et al., 2022), 

and the concomitant potential health risks posed by climate change and other environmental disturbances 

(AMAP, 2011; Poissant et al., 2008).  

1.2 Effects of Flooding on Mercury in Aquatic Ecosystems  

Flooding can result from natural processes, such as heavy rainfall, melting snow, and coastal storms, 

as well as anthropogenic activities, including industrial operations, dam construction, and urban 

development. Flooding inundates vegetation, soil, woody debris, and other forms of OM. When flooded, 

terrestrially derived OM, including decomposing plant material, microbial biomass, and humic substances, 

breaks down into smaller, water-soluble organic molecules that contribute to dissolved organic carbon 

(DOC) in downstream aquatic ecosystems (Boening, 2000; Bravo et al., 2017; Letourneur et al., 2013; Li 

et al., 2020; St. Louis et al., 2004). DOC is transported via surface runoff, groundwater flow, and flooding 

into lakes, rivers, and wetlands (Bravo et al., 2017; Li et al., 2020; St. Louis et al., 2004). Hg, particularly 

in its inorganic form (Hg²⁺), has a strong affinity for DOC (Fitzgerald et al., 2005; Fitzgerald et al., 2007; 

French et al., 2014; Poissant et al., 2008; St. Louis et al., 2004). Key functional groups involved in Hg-

DOC binding include carboxyl (-COOH) groups in humic and fulvic acids, phenolic (-OH) groups from 

plant material and lignin, and sulfhydryl (-SH) groups, which have the strongest binding affinity for Hg, 

and which play a critical role in forming Hg-DOC complexes (Fitzgerald et al., 2005; Fitzgerald et al., 

2007; French et al., 2014; Poissant et al., 2008; St. Louis et al., 2004). As OM decomposes, it releases DOC 

enriched with these functional groups, allowing Hg2+ to form soluble Hg-DOC complexes and increasing 
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Hg mobility in water (French et al., 2014; St. Louis et al., 2004). Once bound to DOC, Hg remains more 

soluble and is transported through hydrological processes such as flooding and runoff (Bravo et al., 2018; 

French et al., 2014; Li et al., 2020; St. Louis et al., 2004).  

The microbial conversion of inorganic Hg into MeHg is strongly influenced by DOC and OM. Sulfate-

reducing and iron-reducing bacteria, which mediate methylation, depend on OM as an energy source 

(French et al., 2014; Poissant et al., 2008). Additionally, OM decomposition consumes oxygen, creating 

anoxic conditions that favor Hg methylation (Boening, 2000; Fitzgerald et al., 2005; French et al., 2014; 

Kelly et al., 1997). The role of Hg-DOC complexes in methylation is complex; labile DOC facilities 

microbial uptake, enhancing methylation, whereas strong Hg binding to refractory DOC may reduce 

bioavailability and methylation (French et al., 2014). Hg bound to DOC can ultimately enter aquatic food 

webs through multiple direct and indirect pathways: 1) direct uptake by microbes and phytoplankton can 

be followed by conversion to MeHg; 2) adsorption onto particulate OM can be followed by ingestion by 

zooplankton and small fish; and, 3) desorption, where bound Hg is released from DOC (under certain 

environmental conditions), which increases uptake by aquatic organisms (Boening, 2000; Bravo et al., 

2017; French et al., 2014). Overall, OM acts as both a source of DOC and a key binding agent for Hg, and 

regulates mobility, transformation, and bioavailability of Hg in aquatic environments. The relationship 

between DOC and Hg is crucial for understanding how flooding affects Hg cycling and ultimately can 

increase potential risks to aquatic ecosystems and fish populations.  

Anthropogenic flooding occurs when human-driven activities, such as industrial, agricultural, and/or 

infrastructure-related projects, intentionally submerge terrestrial environments. Flooding releases nutrients 

and Hg into the environment (Talbot et al., 2021; Ullrich et al., 2001). Studies in the Northwest Territories 

and Alaska have shown that nutrient concentrations are enhanced and affect community richness, growth, 

and abundance of lower trophic level organisms in the initial years after flooding, and [Hg] increase due to 

enhanced availability and bioaccumulation (Gough et al., 2016; Hershey, 1992; Jorgenson et al., 1992; 

Lienesch et al., 2005; Lougheed et al., 2015). Effects on productivity can reverse within years as nutrient 

levels decline due to depletion and competitive exclusion, while Hg continues to bioaccumulate and 

biomagnify, posing long term ecological risks (Gough et al., 2016; Grimard & Jones, 1982; Hershey, 1992; 

Jorgenson et al., 1992; Lougheed et al., 2015; Ostrofsky & Duthie, 1980; Paterson et al., 1997).  

Previous research has shown that flooding events significantly increase [Hg] in fish tissue. Research 

in temperate and boreal reservoirs indicates that flooding enhances Hg bioaccumulation, with [MeHg] 

rising within 1 to 3 years after flooding (St. Louis et al., 2004). This early increase is driven by the rapid 

influx/decomposition of OM, which fuels microbial methylation of Hg. [Hg] in tissue can peak 

approximately 3 to 4 years post-flooding (Verdon et al., 1991). Hg accumulation in fish tissue continues, 
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however, and peaks ~ 4 to 11 years after flooding (Bilodeau et al., 2016; St. Louis et al., 2004; Verdon et 

al., 1991). In most cases, elevated [Hg] persist for up to 30 years before returning to background levels 

(Hall et al., 2009; Verdon et al., 1991; Willacker et al., 2016). A meta-analysis of [Hg] in freshwater fishes 

across Canada (1967-2010; representing 104 species; the majority large-bodied fishes) from 5,000 locations 

found that high [Hg] in fish tissue were frequently linked to reservoirs (i.e., flooded areas) and/or 

contaminated sites (Depew et al., 2013). In the Arctic, flooding-induced increases in fish [Hg] may be 

especially prolonged. Model simulations based on lakes impacted by the Churchill River diversion in 

northern Manitoba suggest that [Hg] in high-latitude reservoirs remain elevated longer than in lower 

latitudes (Johnston et al., 1991). 

Despite extensive research on Hg bioaccumulation in other regions, no studies have directly examined 

the effects of flooding on [Hg] in Arctic freshwater fishes. Long-term monitoring in the Northwest 

Territories, Yukon, Nunavut, northern Quebec, Alaska, and Greenland has shown that total [Hg] and/or 

[MeHg] in fish tissue frequently exceed government-established guidelines for human health consumptions 

(see AMAP, 2011; Poissant et al., 2008), or surpass baseline levels (Atwell et al., 1998). The highest [Hg] 

occurs in top predatory fish that occupy the highest trophic levels (see AMAP, 2011). No clear geographic 

patterns in fish [Hg] have been observed in the Arctic, indicating variability between lake systems and food 

webs (Poissant et al., 2008). Elevated [Hg] in northern fish species is especially concerning because many 

Arctic communities rely on traditionally harvested wild foods, including fish, for sustenance, cultural 

practices, and spiritual wellness (Hughson, 2010). In northern Canada, activities such as fishing for Arctic 

Char (Salvelinus alpinus), hunting for caribou (Rangifer tarandus), and gathering berries or eggs are vital 

traditions, reflecting Indigenous peoples’ deep connection to their ancestral lands (Hughson, 2010; Newell 

et al., 2020). Land-use changes in the Arctic increasingly disrupt these traditions, with residents expressing 

concerns about the potential health impacts associated with environmental alterations (Grigorieva, 2024).  

While flooding in Arctic lakes may influence [Hg] in fish tissue similarly to boreal lakes, the distinct 

landscape and climate in Arctic systems introduce additional complexities. The region experiences extreme 

seasonality, with periods of continuous darkness in winter and 24-hour daylight in summer (AMAP, 2021). 

These conditions affect key hydrological and biogeochemical processes, including the timing and extent of 

spring freshet, biological production, and photo-active transformations, all of which influence Hg delivery 

and methylation in aquatic systems (AMAP, 2011). Additionally, although the tundra lacks trees, plant 

growth is significant, and Arctic greening is expanding vegetative cover, increasing the surface area 

available for Hg sequestration (AMAP, 2021). The Arctic is warming at more than twice the global average 

rate due to climate feedback mechanisms, making it particularly vulnerable to environmental change 

(Kiovurova et al., 2016). Permafrost soils act as long-term sinks for both carbon and Hg; both elements are 
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sequestered for centuries under cold, stable conditions that prevent microbial breakdown and release (Jin 

& Ma, 2021). However, flooding of permafrost destabilizes these conditions, with significant but poorly 

understood implications for Hg dynamics in Arctic freshwater systems. As the climate warms, permafrost 

thaw is expected to increase Hg release, raising concentrations in aquatic systems and fish (Kiovurova et 

al., 2016). While thaw-induced permafrost slumps mobilize metals and carbon into downstream ecosystems 

(MacDonald et al., 2000), flooding represents a distinct hydrological process that may further alter Hg 

mobilization. The active layer, the uppermost permafrost region subject to annual freeze/thaw cycles, 

contains high levels of recalcitrant OM (Schnurr, 2019). This OM is resistant to microbial breakdown but 

strongly binds to Hg, facilitating its transport into aquatic systems and promoting Hg methylation by 

creating anoxic conditions favorable to methylating microbes (Schnurr, 2019). Thus, flooding in the Arctic 

may enhance Hg and carbon mobilization, with potentially significant consequences for downstream 

aquatic ecosystems and food webs. 

1.3 Factors that Influence Mercury Concentrations in Fish 

Mercury concentrations in fish are affected by many interacting biotic and abiotic factors. Biotic 

factors include trophic ecology and growth rates of individual fish species, and food web ecology (e.g., 

Atwell et al., 1998; Clayden et al., 2015; St Louis et al., 2004), which are in turn affected by primary and 

secondary productivity, and composition of lower trophic level communities. Flooding influences trophic 

dynamics in aquatic ecosystems by enhancing primary productivity and MeHg production, as terrestrial 

carbon inputs stimulate microbial activity (Wang et al., 2024). This, in turn, affects species richness, growth, 

abundance, and [Hg] across all trophic levels (Boening, 2000; Gough et al., 2016; Hershey, 1992; Jorgenson 

et al., 1992; Lougheed et al., 2015; Moslemi-Aqdam et al., 2022; St Louis et al., 2004). In fish, [Hg] is 

primarily derived from diet (Hall et al., 2009), making trophic position, foraging habitat (i.e., carbon 

source), and [Hg] in prey critical factors in understanding Hg accumulation (e.g., Kidd et al., 1995; Power 

et al., 2002). Physicochemical variables, including nutrient concentrations, primary productivity, water 

quality and clarity, and dissolved OM (DOM), influence these biotic factors as well as other aspects of Hg 

cycling, availability, and biomagnification within food webs (see Moslemi-Aqdam et al., 2022). 

Physicochemical variables are in turn shaped by catchment characteristics, such as area, elevation, slope, 

soil type, vegetation cover, and proximity to anthropogenic disturbances, which ultimately regulate DOM 

levels and primary productivity, and thus affect Hg methylation and bioaccumulation (see Moslemi-Aqdam 

et al., 2022).  

Stable isotope ratios are commonly used to help assess trophic position and foraging habitat, and 

to provide insights into food web structure and Hg bioaccumulation. Stable isotope ratios of Nitrogen (15N) 

are used to estimate trophic position, as 15N increases by approximately 3-5‰ with each trophic transfer 
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(e.g., Post, 2002). Higher 15N values typically indicate higher trophic positions, which correlate with 

increased Hg accumulation (Minigwa & Wada, 1984).  Stable isotopes of Carbon (13C) trace energy 

sources and can be used to distinguish between littoral and pelagic carbon sources (Peterson & Fry, 1987; 

Post et al., 2000; Post, 2002; Tiselius & Fransson, 2016). Fish feeding on pelagic-derived carbon sources 

generally have higher [Hg] than those relying on benthic-derived carbon sources (Power et al., 2002). 

Analyses of stable isotope ratios before and after flooding, or between flooded and reference systems, can 

help researchers evaluate how flooding alters trophic interactions and Hg dynamics in fish populations.  

In addition to trophic position and carbon source, fish growth rates significantly influence [Hg] in 

tissues, with growth efficiency shaped by lake physiochemical conditions and catchment characteristics 

(see Moslemi-Aqdam et al., 2022). For example, in an Arctic Long-Term Ecological Research (ALTER) 

Project study in Alaska, flooding induced eutrophic conditions led to increased body size and population 

density in Lake Trout (Salvelinus namaycush) (Lienesch et al., 2005). Growth rates doubled in the initial 

years post-flooding (Gough et al., 2016), but recruitment declined a decade later as nutrient depletion and 

low dissolved oxygen levels negatively affected embryos and eggs, particularly in oxygen-sensitive bottom 

substrates (Gough et al., 2016; Hershey, 1992; Lienesch et al., 2005; Stekoll et al., 2009). Fish, occupying 

the highest trophic levels in aquatic ecosystems, typically have higher [Hg] than lower trophic level 

organisms due to biomagnification (Kidd et al., 2003; Power et al., 2002; Hall et al., 2009). A well-

documented inverse relationship, known as “somatic growth dilution”, has also been observed, with faster 

growing fish having lower [Hg], as observed in Northern Pike (Esox lucius) (Moslemi-Aqdam et al., 2022; 

Ward et al., 2010). Increased [DOC], which are commonly associated with flooding, can impair fish growth 

by reducing visual performance in sight-dependent predators and lowering dissolved oxygen levels, 

impacting metabolism and feeding efficiency (Creed et al., 2018; Lindmark et al., 2022; Moslemi-Aqdam 

et al., 2022; Niklitschek & Secor, 2009; Solomon et al., 2015). Thus, flooding may not only affect fish [Hg] 

through increased loading and net methylation rates, but also indirectly through effects on trophic ecology 

and fish growth rates.  

1.4 Industrial Development in the Arctic  

The growing global demand for natural resources continues to drive mineral exploration and 

development in resource-rich regions, including the Arctic (Bidgood & Hall, 2024; Koivurova et al., 2016; 

Southcott et al., 2019; Tolvanen et al., 2019). Initially, industrial development in the Arctic focused on 

extracting high-value metals, such as gold and silver. While early efforts were constrained by high 

transportation costs, the region’s vast mineral wealth was recognized in the 20th century, sparking increased 

investment and expansion (Southcott et al., 2019). Climate change is further facilitating Arctic resource 

extraction by improving access to previously remote areas (Southcott et al., 2019). However, it is also 
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amplifying the environmental impacts of industrial activities, often to a greater extent than in other regions 

(Tolvanen et al., 2019). Negative consequences of industrial development include soil erosion, 

contamination, pollution of local water bodies, increased noise and emissions, and habitat fragmentation 

due to infrastructure expansion (Haddaway et al., 2019).  

Mining, a major industrial activity in the Arctic, can cause long-term environmental damage. Studies 

monitoring mining impacts in the Canadian Arctic have shown that tailings, residual materials left after 

metal and mineral extraction, can lead to metal accumulation in aquatic sediments and biota, including 

elevated [Hg] in fish tissue (Tolvanen et al., 2019). Disruptions to microbial communities, which play a 

crucial role in ecosystem stability and nutrient cycling, have also been observed (see Tolvanen et al., 2019). 

Mining operations frequently involve intentional alterations to water flow, including dewatering, the 

removal of water from mineral rich areas, and the creation of tailings ponds (Tubis et al., 2020).  These 

activities can trigger industrial-related flooding, where water is diverted or released, impacting downstream 

aquatic ecosystems (Tubis et al., 2020).  

Industrial-related flooding has multifaceted and long-term consequences on aquatic systems, which 

can be categorized into four key areas: 1) chemical contamination: industrial facilities store hazardous 

chemicals, fuels, heavy metals, and other pollutants. When released due to flooding, intentional discharges, 

waste/sewage outflows, or spills, these contaminants degrade water quality, can bioaccumulate in aquatic 

organisms, and enter the food web, posing risks to both wildlife and humans consuming contaminated fish 

(Bashir et al., 2020; Mateo-Sagasta et al., 2017); 2) increased turbidity and eutrophication: flooding 

mobilizes sediment, nutrients, and debris from industrial sites, and increases turbidity in waterbodies 

(Bashir et al., 2020). The influx of nutrients and OM can drive eutrophication, fostering algal blooms, 

depleting oxygen levels, and leading to fish kills and ecosystem imbalances (Bashir et al., 2020; Mateo-

Sagasta et al., 2017); 3) habitat destruction and species displacement: floodwaters physically alter aquatic 

habitats through erosion, sediment deposition, and changes in waterbody structure. These disruptions can 

displace native species, degrade breeding and feeding grounds, and destabilize food webs, ultimately 

reducing biodiversity (Bashir et al., 2020); and 4) altered hydrology and flow: industrial flooding can 

significantly alter water temperature and flow patterns, impacting survival, reproduction, and migratory 

behavior of aquatic species (Bain et al., 1988). Changes in flow rates can disrupt critical biological 

processes, such as spawning and feeding cycles (Bain et al., 1988). Long-term ecological impacts can result 

from the consequences of industrial flooding and can persist for decades. Contaminated sites often take 

years to recover, and habitat destruction may lead to permanent population declines or local extinctions due 

to cumulative stressors (Bashir et al., 2020; Ghani, 2015).  
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Fragile ecosystems in the Arctic are particularly vulnerable to long-term effects of industrial activities, 

including flooding. Flooding events can exacerbate Hg mobilization by introducing terrestrially derived 

carbon and microbial communities that enhance Hg methylation and result in increasing [MeHg] in aquatic 

food webs. Given the high trophic position of many Arctic fish species, Hg bioaccumulation poses a 

significant risk to both wildlife and Indigenous communities relying on traditional subsistence fisheries. 

Thus, as industrial activities continue to expand in the Arctic, understanding their ecological consequences, 

particularly in relation to Hg cycling, is crucial for environmental management and the protection of Arctic 

aquatic ecosystems.  

1.4.1 Monitoring Industrial Impacts in Aquatic Environments  

Monitoring the effects of mining on aquatic ecosystems is essential. In Canada, the Metal and 

Diamond Mining Effluent Regulations (MDMER) and the Environmental Effects Monitoring (EEM) 

programs play key roles in the regulatory framework that is applied to mineral developments. The MDMER 

governs mining effluent discharges, setting limits on harmful substances (e.g., Hg) to protect water quality 

and aquatic life (Government of Canada, 2025). The EEM program, which is part of the MDMER, evaluates 

broader ecological impacts by monitoring aquatic species, including fish, benthic invertebrates, and aquatic 

plants (Government of Canada, 2025). A critical aspect of the EEM program is the use of small-bodied fish 

species, such as fathead minnows (Pimephales promelas), as sentinel organisms. These species are sensitive 

to water quality changes and provide early indicators of contamination through measurable effects on 

growth, reproduction, and behavior (Government of Canada, 2025; Rozon-Ramilo, 2011). Their position 

near the base of aquatic food webs makes them effective for assessing ecosystem health (Fausch et al., 

1990). In the Canadian Arctic, Slimy Sculpin (Cottus cognatus) and Ninespine Stickleback (Pungitius 

pungitius) are abundant and widespread (Richardson et al., 2001; Scott and Crossman, 1973) small-bodied 

fishes, which makes them ideal for monitoring the ecological impacts of mine-induced flooding and other 

environmental disturbances.  

1.4.1.1 Slimy Sculpin as an Indicator Species 

Slimy Sculpin are widely distributed across Canada, inhabiting freshwater lakes and streams with 

gravel, rock, or mud substrates where they shelter under rocks and submerged debris (Arciszewski et al. 

2015; Mansfield 2004; Scott and Crossman 1973). They are non-migratory with high site fidelity and are 

thought to maintain small home ranges (~ 10 meters (m)) - rarely dispersing beyond 50 m (Arciszewski et 

al., 2015; Craig & Wells, 1976; Power et al., 2022). Their limited movement makes them effective for 

detection of localized environmental changes. As benthic-dwelling, nocturnal ambush predators, Slimy 

Sculpin primarily feed on benthic invertebrates (e.g., Chironomidae) but also consume terrestrial insects, 

crustaceans, fish eggs, and small fish, with their diet reflecting prey availability (Arciszewski et al., 2015; 
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Mansfield, 2004; Power et al., 2022). Due to their small size and lack of swim bladder, which limits their 

swimming ability, they are a common prey item for larger predators, including Burbot (Lota lota) and Lake 

Trout (Arciszewski et al., 2015; Mansfield, 2004). Slimy Sculpin links benthic and pelagic food webs and 

serves as sentinel species for environmental monitoring due to their sensitivity to contaminants and habitat 

alterations (see Arciszewski et al., 2015). They reach sexual maturity at ~ 2 years and have a lifespan of ~ 

5 years (Mansfield, 2004). 

1.4.1.2 Ninespine Stickleback as an Indicator Species 

Ninespine Stickleback are a small-bodied, euryhaline fish with a circumpolar distribution found in 

in freshwater, brackish, and marine environments (Aldohoven et al., 2010; Hammerson, 1994; Von Hippel 

et al., 2016). Ninespine Stickleback exhibit both anadromous and freshwater resident life histories, which 

contributes to substantial variation in morphology, behavior, and physiology and makes them valuable 

models for comparative genetics and evolution (Aldohoven et al., 2010). Although data on home range size 

for Ninespine Sticklebacks are limited, research on related species (e.g., Three-spined Stickleback 

(Gasterosteus aculeatus)), suggests high site fidelity, particularly during the spawning season (Ivanova et 

al., 2019; Ward et al., 2013). Due to their abundance at northern latitudes, Ninespine Stickleback are 

emerging as a key indicator species for assessing environmental effects (Von Hippel et al., 2016; Wootton, 

2023). They prefer cool, quiet waters, and inhabit lakes, ponds, streams, and estuaries, often in shallow 

vegetated areas or over sand (see Hammerson, 1994). As mostly nocturnal predators, they consume small 

crustaceans, aquatic insects, fish eggs, and fry, and are preyed upon by large fish and piscivorous birds (see 

Hammerson, 1994). Despite displaying adaptability, Ninespine Stickleback may still experience habitat-

related stresses from industrial activities (Von Hippel et al., 2016). They reach sexual maturity between 1 

to 2 years and rarely live beyond 3 years (see Hammerson, 1994).  

1.5 Local Context and Study Area 

A unique opportunity to investigate the effects of flooding on Hg dynamics in Arctic aquatic 

ecosystems arose from an industrial development in Nunavut, Canada. As part of a gold mining project, a 

lake (surface area:1.67 kilometers squared (km2)) was dewatered to create a new mining pit, while several 

smaller downstream lakes (combined surface area: ~ 1.5 km2) were flooded as a result. This event had the 

potential to provide valuable insights into how flooding influenced Hg transport, methylation, and 

bioaccumulation in Arctic freshwater systems.  

The industrial development and study area is located ~ 160 kilometers (km) north of Baker Lake, 

Nunavut, (64.32ºN, 96.02ºW), within the Kivalliq District. The region has been subject to mineral resource 

development due to the presence of two major gold deposits: Meadowbank (~ 110 km north of Baker Lake) 

and Amaruq (~ 160 km north of Baker Lake). Both deposits are owned and operated by Agnico Eagle Mines 
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Limited (Agnico Eagle), an open-pit gold mining company. The mine is situated within Barrenland tundra, 

an extreme environment characterized by low temperatures, permafrost, and a brief growing season. 

Following the discovery of the Amaruq mineral deposit in 2018, landscape modifications were required to 

accommodate mining operations. One of these projects, the Whale Tail Pit Project, involved the dewatering 

of northern Whale Tail Lake and the construction of a dam to redirect water downstream, which flooded 

adjacent waterbodies. By 2019, this new flooded area had significantly altered downstream aquatic habitats.  

The impacted flood zone covered ~ 3.3 km2, that contained numerous small- to medium-sized lakes 

interspersed among rolling lowlands, boulder fields, eskers, bedrock outcrops, and uplands (Azimuth 2018, 

Smith et al. 1998). These lakes are predominantly oligotrophic (Azimuth, 2018), meaning they exhibit low 

productivity and nutrient-poor conditions (Wetzel, 2001). The drainage system in the study area is indistinct 

and complex, which is typical of Barrenland tundra systems. Small chain-lake systems exist, where 

interconnected lakes are linked by ephemeral streams, but overland flow is also common (Azimuth, 2018). 

Hydrological connectivity is generally low to non-existent most of the year, except during spring freshet, 

when high flows temporarily enhance connectivity (Azimuth, 2018). Given these seasonally constrained 

hydrological pathways, fish movement between lakes is likely limited (Azimuth, 2018).  

1.6 Study Objectives  

The primary objective of this study was to assess how flooding associated with mining development 

affected [Hg] in small Barrenland tundra lakes. Specifically, this study aimed to answer the question “How 

are [Hg] and [DOC] in water and [Hg] in fish in Barrenland tundra lakes impacted by flooding?”. Small-

bodied fish were chosen as focal species for several reasons: 1) limited home range: compared to larger 

fish, small-bodied species have smaller home ranges (Schoener, 1971), making them less likely to migrate 

between study lakes; 2) faster physiological response: due to their shorter lifespans and higher metabolic 

rates, small-bodied fish experience faster growth and flesh turnover, making them more responsive to 

environmental changes (Fausch et al., 1990); and 3) widespread distribution: in the Canadian Arctic, small-

bodied fish are more widely distributed across small, shallow lakes than larger-bodied fishes. Slimy Sculpin 

and Ninespine Stickleback, both abundant in the study area, were selected as indicator species.  

  My first study objective was to compare [Hg] and key OM indicators in water:  1) before and after 

flooding in impacted lakes; and 2) between reference and impacted lakes after flooding. The following 

variables were measured: total [THg] and [MeHg], indicators of Hg mobilization and net methylation; 

[DOC]; Humification Indices (HIX), a measure of humic substance content (e.g., humic and fulvic acids); 

and Specific Ultraviolet Absorbance (SUVA) at 254 nm, an indicator of DOM composition, particularly 

humic content (Weishaar et al., 2003). I hypothesized for these water chemistry parameters that flooding 
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would alter OM (as measured by DOC, HIX, and SUVA) and [Hg] (THg and MeHg) via mobilization of 

terrestrially stored Hg and OM. Specifically, my hypotheses were that aqueous [THg], [MeHg], [DOC] and 

indices of HIX and SUVA would differ 1) before and after flooding in impacted lakes; and, 2) between 

reference and impacted lakes after flooding.  

Following water chemistry, my second objective was to compare [THg], and covariates of [Hg] 

(e.g., trophic position, carbon source, growth rate), in forage fish tissue between flooded and reference lakes 

(post-flooding) and between pre-and-post flood years. Flooding was expected to mobilize terrestrially 

stored Hg and increase net methylation rates, which could both act to increase fish [Hg]. Trophic ecology, 

carbon sources, and growth dynamics were also expected to be influenced by flooding and differ between 

both flooded and reference lakes and between pre- and post-flood years in ways that could influence [Hg]. 

I hypothesized that [Hg] in forage fish tissue would differ 1) between reference and impacted lakes after 

flooding; and 2) before and after flooding in impacted lakes. 
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Chapter 2: Methods  

2.1 Study Area  

The study area is located within the Southern Arctic Ecozone and is situated above the tree line on 

the northwestern side of Hudson Bay, within the Thelon River basin, which drains into Hudson Bay 

(Government of Canada, 2022). The terrain has been shaped by glaciations, and features thick continuous 

permafrost underlain by granite bedrock, overlain with glacial till, glaciofluvial deposits, and shallow 

organic material (Smith et al., 1998). Soils in the region are Cryosolic and support a terrestrial vegetation 

community that is dominated by dwarf shrubs such as birch (Betula spp.) and willow (Salix spp.), as well 

as heath (Erica spp.), mosses (Bryophyta spp.), lichens (Cryptothele spp.), and sedge-moss (Carex spp.) 

(Smith et al., 1998). The climate is marked by moist, cool summers and extremely cold winters, resulting 

in a short growing season of approximately four months (Smith et al., 1998). Based on climate data from 

1981 to 2010, the region has a mean annual temperature of -12.2°C (ranging from -34.8°C to 17.0°C) and 

mean monthly precipitation of 22.7 mm (ranging from 6.2 mm to 52 mm) (Government of Canada, 2024). 

The ice-free season is brief and typically extends from late-June to mid-July until late-September to early-

October (Azimuth, 2018).  

The nearest community to the study site is Baker Lake, Nunavut (64.32ºN, 96.02ºW), which is 

located ~ 160 km south (Figure 1). The region is home to two major gold deposits, Meadowbank (~ 110 

km north of Baker Lake) and Amaruq (~ 160 km north of Baker Lake), both owned and operated by Agnico 

Eagle. Development of the Amaruq deposit required substantial landscape modifications to facilitate mining 

operations, including the construction of an access road connecting the mine site to the community, an 

uncommon feature in the territorial context of Nunavut.  
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Figure 1: The location of Agnico Eagle’s two gold mining facilities relative to Baker Lake, located in the 

Kivalliq District, Nunavut, Canada. The well-established, operational Meadowbank facility and the now 

operational Amaruq Satellite Deposit are shown in brown. The location of the Whale Tail Pit Project is 

within the Amaruq Mine facility.  
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2.1.1 Industrial Development and Flooding  

In 2019, development of the Whale Tail Pit (Amaruq Project, Agnico Eagle Mines Ltd.) involved 

constructing a dam in the center of Whale Tail Lake, followed by the removal and diversion of water from 

the northern part of the lake into the southern part of the lake (Figure 2). A total of seven lakes near or 

within the Amaruq mine development site were sampled in August of 2018 (i.e., pre-flood), 2019, 2020, 

and 2021 (i.e., post-flood). During each sampling period, water, Slimy Sculpin, and Ninespine Stickleback 

were collected. 

 

Figure 2: Outline of the waterbodies impacted by the Whale Tail Pit Project. The flooded lakes are 

outlined with a yellow dotted line, representing the pre-flood (2018) conditions. The lakes outlined with 

a green dotted line are the reference lakes. The orange solid line represents the flood zone following the 

construction of the Whale Tail Dam (which is represented by a white bar), representing the post-flood 

(2019 to 2021) conditions. The brown outlined areas indicate the locations of industrial infrastructure. 

Blue arrows indicate flow direction.  

Four lakes were directly impacted by flooding from the Whale Tail Pit Project and are referred to 

as the flooded lakes: Whale Tail Lake South (WTL), Lake A20 (A20), Lake A63 (A63), and Lake A65 

(A65) (Figure 2). In addition to these, three reference lakes, chosen based on similar habitat and morphology 

to the flooded lakes, were also sampled: Lake A44 (A44), Lake B03 (B03), and Lake 8 (LK8) (Figure 2). 

These reference lakes were not selected specifically for this thesis but were predetermined to support 
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regulatory sampling requirements associated with mine permitting. They were, however, chosen based on 

general similarity in habitat and morphology to the flooded lakes to allow for comparative analyses. A44 is 

within the same watershed as the flooded lakes but is located outside the downstream flow path, 

approximately 4.4 km northwest of WTL. In contrast, B03 and LK8 are in a different watershed, positioned 

approximately 5.5 km northeast and 7.8 km northwest of WTL, respectively (Figure 2).  

Prior to flooding, baseline data indicated that WTL, including its northern section, had a surface 

area of 1.67 km2 and a maximum depth of 18.3 m. Lake A20 had a surface area of 0.56 km2 with a maximum 

depth of 25 m, while A63 measured 0.084 km2 in surface area and 5.7 m in depth. Lake A65 covered 0.63 

km2 and had a maximum depth of 11.2 m, whereas A44, the reference lake, had a surface area of 0.22 km2 

and a maximum depth of 12.3 m. Following the flooding event, significant hydrological changes were 

observed. The surface area of WTL expanded by 3.59%, increasing from 1.67 km2 to 1.73 km2. A63, which 

had previously been a separate waterbody, merged with WTL, increasing 38% from 0.079 km2 to 0.116 

km2. Lake A20 experienced the most substantial increase, expanding by 46.43% from 0.56 km2 to 0.82 km2. 

Similarly, A65 increased in size by 19%, increasing in surface area from 0.63 km2 to 0.75 km2. In contrast, 

the surface area of A44, which is within the same watershed but was not directly affected by flooding. 

Depths also increased across the flooded lakes, with WTL becoming approximately 2.2 m deeper than 

baseline measurements, while A20 and A63 showed increases of 30 to 50 cm in depth.  

Both Slimy Sculpin and Ninespine Stickleback were present in all study lakes, making them key 

species for assessing the ecological effects of flooding on small-bodied fish. Additional fish species were 

also recorded in the study lakes, as outlined in Table A2.1. Lake Trout were present in all lakes, while Arctic 

Char (Salvelinus alpinus), Round Whitefish (Prosopium cylindraceum), and Burbot (Lota lota) were found 

in a subset of lakes. While flooding caused many of the lakes to become more hydrologically connected 

than they were prior to flooding, the study species, Slimy Sculpin and Ninespine Stickleback, have small 

home ranges and exhibit limited movement (Power et al., 2022; Von Hippel et al., 2016). I therefore 

assumed that the lake where they were collected reflected their primary habitat.  

2.1.2 Study Constraints 

This study was originally designed following a Before-After-Control-Impact (BACI) approach. 

However, logistical constraints impacted data collection throughout the life of field sampling activities. Due 

to the remote nature of the study site, lake access was limited to helicopter transport, and regulatory 

programs, such as the EEM and Core Receiving Environmental Monitoring Program (CREMP), were 

prioritized over this research project. As a result, LK8 was the only reference lake where data were 

consistently collected both before and after the flooding event (Table 1). The prioritization of regulatory 

programs, particularly access to helicopter time, was beyond my control and not a decision within the scope 
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of this study, resulting in inconsistences in data collection that limited the type of statistical analyses that 

could be conducted.  

Table 1: Summary of sampling that occurred pre – (2018) and post-flooding (2019 to 2021) at each of 

the study lakes. “C” and green shading indicate samples were collected. “NC” and blue shading indicate 

samples that were not collected.  

Type Waterbody 

Water Sampling Fish Sampling 

Pre-

Flood 
Post-Flood 

Pre-

Flood 
Post-Flood 

2018 2019 2020 2021 2018 2019 2020 2021 

Flooded 

Whale Tail 

South 
C C C C C C C C 

Lake A63 C C C C C C C C 

Lake A65 C C C C C C C C 

Lake A20 C C C C C C C C 

Reference 

Lake 8 C C C C C NC C C 

Lake A44 C NC C C NC C C C 

Lake B03 NC NC C C NC NC C C 

 

2.2 Sample Collection  

Water samples were collected for various analyses, some of which extended beyond the scope of 

this study. I focused on analyses of total Hg, MeHg, DOC, HIX, and SUVA.  

Water sampling occurred annually in August from 2018 to 2021 in all flooded lakes and in LK8 

(reference lake). Samples were also collected from A44 in all years except 2019, and from B03 in 2020 and 

2021 only (Table 1). For total metal and nutrient analysis, grab samples were collected from the approximate 

center of each lake near the surface (approximately 0.5 m depth), using new, sterile Nalgene bottles. 
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Unfiltered water samples designated for ultra-trace Hg analyses were collected following the clean 

hands/dirty hands method (USEPA, 1996), a specialized technique designed to minimize contamination. 

These samples were stored in new, double-bagged 250 milliliter (mL) Polyethylene Terephthalate Glycol-

modified (PETG) bottles. For the analysis of dissolved ultra-trace Hg, the clean hands/dirty hands method 

was again employed, using a peristaltic pump and acid-washed Teflon tubing. Water was filtered through 

an acid-washed filter cartridge and muffled quartz QMA filters (2.2. µm pore size; e.g., USEPA, 1996) 

before being transferred into double-bagged 250 mL PETG bottles. Between samples, quartz QMA filters 

and tubing were replaced to prevent cross-contamination. Samples designated for Hg analysis were 

preserved with trace metal-grade hydrochloric acid (HCl; Omnitract ®, Supelco) to a final concentration of 

0.5% v/v.  

For DOC, HIX, and SUVA, 60 mL of near-surface water were pumped directly from the lake 

surface through muffled quartz QMA filters using a peristaltic pump and stored in amber glass bottles. As 

with Hg sampling, quartz QMA filters were renewed between samples. All water samples for nutrient and 

Hg analysis were kept cool until they could be stored at 4ºC in a refrigerator and subsequently shipped to a 

Canadian Association for Laboratory Accreditation (CALA) certified laboratory for chemical analysis.  

Fish sampling was conducted using a backpack electrofisher (Smith-Root Inc., Vancouver, British 

Columbia) in accordance with University of Waterloo Animal Use Permit 41176. The sampling team aimed 

to collect 30 individuals of each target species, Slimy Sculpin and Ninespine Stickleback, from each study 

lake in each sampling year, although actual capture numbers varied. The number of fish collected per lake 

and year is detailed in Tables A2.2 and A2.3. Captured fish were euthanized using a blow to the head and/or 

cervical dislocation, then placed on ice in a cooler until further processing. Within hours of collection, each 

fish was measured for fork length (millimeter (mm)) and weight (g), before being placed in a clean, labeled, 

polyethylene Whirl-PakTM bag and frozen for subsequent processing at the University of Waterloo Fish 

Laboratory. Summarized backpack electrofishing catch records are presented in Tables A2.2 and A2.3, 

while detailed fish measurements are available in Table A2.4. 

2.3 Sample Preparation  

Water samples were shipped to the Biotron Center for Experimental Climate Change Research at 

Western University for analyses of total Hg and MeHg, and to the Branfireun Lab at Western University 

(London, Ontario) for analyses of DOC, HIX, and SUVA. Water samples were also shipped to the 

University of Alberta Biogeochemical Analytical Service Laboratory for analyses of nutrients and other 

parameters not specifically addressed in this thesis (Edmonton, Alberta; see Appendix A). 



 
 

18 

 

Frozen fish samples were shipped to the University of Waterloo Fish Laboratory (Waterloo, 

Ontario) for processing. At the Fish Laboratory, sagittal otoliths and viscera were extracted from each fish. 

The otoliths were cleaned, dried, and placed in microcentrifuge tubes, while the viscera, except for the 

livers, which were archived, were discarded. The remaining whole “dressed” fish, excluding viscera and 

otoliths, were then individually placed in a 0.5 mL sterile glass or polyethylene vials and freeze-dried using 

a Labconco® FreeZone (United States of America (USA)) freeze dryer. The freeze-drying process lasted a 

minimum of 48 hours at 0.04 millibar (mbar) and -48 ̊C. Once freeze-dried, samples were homogenized 

using ultra-fine scissors. Following homogenization, fish tissue was weighed to 0.30 mg using a Mettler 

Toledo Analytical Balance to support carbon and stable isotope analysis. Remaining freeze-dried fish tissue 

was submitted to the Biotron Center for Experimental Climate Change Research for analysis of [THg]. The 

sagittal otoliths were submitted to AAE Tech Incorporated (AAE) in La Salle, Manitoba for aging. Otoliths 

were prepared and examined under a compound microscope using transmitted light, with age and edge 

condition recorded alongside a confidence rating for each age determination. To ensure Quality 

Assurance/Quality Control (QA/QC), over 25% of samples were reassessed by a second individual at the 

laboratory to verify accuracy.  

2.4 Laboratory Analysis  

At the Biotron Center for Experimental Climate Change Research, water samples (n = 300) were 

analyzed for [THg] and [MeHg]. Cold vapour atomic fluorescence spectrophotometry was used to conduct 

[THg] analyses. Analyses for [THg] were conducted using a Tekran® 2600 automated THg Analysis System 

(Canada) in accordance with EPA method 1631 (Lab Method ID - TM.0811). Analyses for [MeHg] were 

conducted using a Tekran® 2700 automated MeHg Analysis System (Canada) in accordance with EPA 

method 1630 (Lab Method ID - TM.0812) (USEPA, 2007). Concentrations of DOC (n = 96) were 

determined using phosphoric acid digestion followed by persulphate oxidation on an Aurora® 1030 W total 

organic carbon analyzer (USA). Fluorescence and absorbance measures were used to determine the SUVA 

index (n = 58), with appropriate corrections applied using a Horiba Aqualog® spectrofluorometer (Japan). 

Specific UV absorbance at 254 nanometers (nm; SUVA), an indicator of the degree of aromaticity of DOM, 

was calculated as absorbance at 254 nm divided by [DOC] (Weishaar et al. 2003). The HIX index (n = 117) 

was determined using fluorescence spectroscopy, where fluorescence intensity was measured at specific 

wavelength ranges (435-480 nm for humic-like material and 480-510 nm for fulvic-like material) to 

calculate HIX. QA/QC was performed in strict compliance with the laboratory’s ISO 17025 accreditation. 

Freeze-dried and homogenized tissue samples of Slimy Sculpin (n = 715) and Ninespine 

Stickleback (n = 452) were also analyzed at Biotron Center for Experimental Climate Change Research for 

[THg] using a Milestone® DMA-80 Direct Mercury Analyzer (Italy), following Environmental Protection 
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Agency (EPA) Methods 7473 (USEPA, 2007). QA/QC procedures were conducted according to the lab’s 

ISO 17025 accreditation, and results are provided in Tables A2.5 to A2.7.  

At the University of Waterloo Environmental Isotope Laboratory, freeze-dried and weighed whole-

body Slimy Sculpin (n = 694) and Ninespine Stickleback (n = 451) were analyzed for stable carbon and 

nitrogen isotope ratios. Isotope analysis was conducted using a 4010 Elemental Analyzer (Costech 

Instruments, Italy), coupled to a Delta Plus XL (Thermo-Finnigan, Germany) continuous flow isotope ratio 

mass spectrometer (CFIRMS). Stable isotope ratios for each sample were determined using the following 

formula:  

δ13C or δ15N = [(Rsample – Rstandard)/Rstandard] * 1000 

where R represents 15N/14N or 13C/12C ratio. Corrected delta (δ) value, reported in per mill (‰) units, were 

compared against the Vienna Pee Dee Belemnite (VPDB) scale for δ13C and Atmospheric AIR for δ15N. 

Precision was assessed by calculating the relative percent difference (RPD) between duplicate samples. 

Duplicates were analyzed for approximately 10% of Slimy Sculpin (n = 72) and 9% of Ninespine 

Stickleback (n = 40), with results detailed in Table A2.6. The mean differences between duplicate samples 

were 0.03‰ for δ13C for both species, 0.02‰ for δ15N in Slimy Sculpin δ15N, and 0.06‰ for δ15N in 

Ninespine Stickleback (Table A2.4).  Accuracy was ensured using international reference materials (IAEA-

N1 & N2, IAEA-CH3 & CH6, USGS-40 & 41) and in-house reference materials (EIL-72, EIL-3, JSEC-0).  

At AAE, sagittal otoliths were prepared and analyzed for age determination in Slimy Sculpin (n = 

693) and Ninespine Stickleback (n = 449). Sagittal otoliths were aged by AAE using whole otoliths viewed 

under reflected light microscopy. Standard protocols included cleaning and air-drying otoliths, followed by 

placement in black-bottomed trays with immersion oil to enhance growth zone visibility. Otoliths were 

examined at multiple magnifications to identify and count annual growth zones (annuli). A minimum of 

two readings were taken by independent readers, with a 25% random subsample re-aged in duplicate to 

evaluate precision. Discrepancies in duplicate or initial readings were reviewed by a senior age reader and 

resolved through consensus. Results of the ageing analyses are provided in Table A2.4. 

2.5 Data Analysis  

For the data analysis conducted in this thesis, which included both fish and water data, two primary 

approaches were used to address the research objectives. First, data from pre-flood years (2018 and 2019) 

were compared with data from the post-flood years (2020 and 2021) in both flooded and reference lakes. 

Second, differences between flooded and reference lakes were examined during the post-flood years (2020 

and 2021). The year 2019 was categorized as a pre-flood year for the fish data analysis, as changes in fish 

tissue were expected to occur with a delay following flooding (e.g., French et al. 1998, St Louis et al., 2004, 
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Verdon et al., 1991). Lakes A20, A63, A65, and WTL were classified as flooded/exposed lakes, while B03, 

LK8, and A44 served as reference lakes. One Slimy Sculpin with very low [Hg] was identified as a statistical 

outlier and removed from the dataset (Lake B03, 2021). Due to inconsistent sampling across lakes from 

2018 to 2021, Linear Mixed Effects Models (LMEMs) were applied, as the dataset did not meet the 

requirement for a standard BACI statistical approach. All data analyses were conducted in R Studio (R 

version 4.3.0, R Core Team, 2023) using packages tidyverse, lme4, lmerTest, car, and emmeans. For all 

statistical tests, alpha (α) was set to 0.05, unless otherwise specified. Exploratory data analyses were 

conducted to identify potential data entry errors and assess normality using histograms and QQ plots. 

Residuals were tested for normality where applicable (i.e., for parametric statistical tests) through visual 

assessments, Shapiro-Wilk tests, and Kolmogorov-Smirnov tests. When necessary, data were log10 

transformed to meet normality assumptions.  

2.5.1 Analyses of Fish Tissue - Mercury  

LMEMs were fitted using the “lmer” function from the “lme4” package (Bates et al., 2009), 

employing restricted maximum likelihood (REML), which provides unbiased estimates of variance and 

covariance parameters. If random effect variance estimates approached zero and model singularity was 

detected, the model was deemed over-parameterized. In such cases, the relationship between the response 

variable and fixed effect was instead examined using a linear model without a random effect (Zurr et al., 

2009). Fork length, a measure of fish size, was consistently included as a fixed effect in all LMEMs or as a 

predictor variable in linear models, as fish [Hg] are often significantly and positively related to body size 

(e.g., Wang & Wang 2012). A summary of all models used, including fixed and random effects, is provided 

in Table A2.8.  

To assess differences in tissue [Hg] in Slimy Sculpin and Ninespine Stickleback between pre-flood 

(2018 and 2019) and post-flood (2020 and 2021) years within the flooded lakes (approach #1), LMEM were 

used with [Hg] as the response variable. The model was structured to examine the effects of year and fork 

length on [Hg], while accounting for variability in intercepts and slopes across different year-waterbody 

combinations (see Table A2.8 for further details). In this analysis, year and fork length were treated as fixed 

effects, and their interaction was also assessed. The random effect consisted of the combination of an 

individual waterbody (lakes) and individual year, which allowed the model to account for random variation 

in intercepts for each waterbody as well as random variation in waterbody*year interactions (see Table 

A2.8). This hierarchical approach is particularly useful when data are nested within multiple levels, such as 

measurements within waterbodies, that are further grouped by year (Gelman & Hill, 2006). For Slimy 

Sculpin in reference lakes, a similar model structure was used; however, only waterbody was included as a 

random effect with random intercepts (Table A2.8). Due to data limitations, no comparisons could be made 
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for Ninespine Stickleback [Hg] between pre-and-post flood years in reference lakes. To compare Ninespine 

Stickleback between pre- and post-flood years in flooded lakes, a model similar to that applied for Slimy 

Sculpin was used, but with an additional random effect for fork length, allowing for exploration of random 

slopes (Table A2.8).  

To compare differences in tissue [Hg] between flooded and reference lakes in post-flood years 

(2020 and 2021; approach #2), an additional LMEM was used. Mercury concentration was the response 

variable. In this model, exposure type (flooded vs. reference) and fork length were included as fixed effects, 

with interactions assessed, while waterbody was included as a random effect with random intercepts. This 

model was applied separately for each post-flood year (2020 and 2021) for each species.  

For both approaches, the significance of fixed effects terms in the final model was assessed using 

an analysis of covariance (ANCOVA) with Type III sums of squares (car package; Fox et al., 2019). If the 

interaction was not significant, it was removed from the model. When a significant interaction between 

variables was detected, post-hoc comparisons and contrasts were conducted using estimated marginal 

means (emmeans package; Lenth R, 2023), calculated at a fork length most representative of the dataset. If 

no significant interaction was observed, pairwise comparisons were conducted using Tukey’s Honestly 

Significant Difference (HSD) method via the emmeans package.  

2.5.2 Analysis of Fish Tissue – Covariates 

To investigate the potential drivers of increases in length-adjusted [Hg] in Slimy Sculpin and 

Ninespine Stickleback following flooding, several ecological covariates were examined, including stable 

carbon isotopes (δ¹³C), carbon-to-nitrogen (C: N) ratio, age-at-length, and relative condition. The C: N ratio 

was calculated by dividing the percent carbon (%C) by the percent nitrogen (%N) in tissue samples, as 

reported in stable isotope laboratory analyses results.  

Fish condition was estimated by first modelling weight (W) as a function of length (L), using the 

equation:  

W=aLb 

where W represented fish weight (g), L is fish length (cm), a is the regression intercept, and b is an 

exponential parameter describing the relationship between length and weight. Both Slimy Sculpin and 

Ninespine Stickleback exhibited allometric growth, requiring the use of the Relative Condition (Kn) 

equation to estimate individual fish condition:   

Kn=w/W 
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where w is the observed weight of a fish at a given length, and W is the expected weight, which is derived 

from the length-weight regression. Fish ecological variables that were significantly related to tissue [Hg] 

(see below) were compared between pre- and post-flood years, as well as between flooded and reference 

lakes in post-flood years only, using the LMEM approach applied for Hg analysis.  

For each species, Pearson correlation tests were conducted to assess relationships between [Hg] 

and each potential covariate, including δ15N, δ13C, age-at-length, C: N ratio, and relative condition. Because 

most Ninespine Stickleback were aged at one year, age-at-length analyses were not performed for this 

species. Normality was tested using the Shapiro-Wilk test. As baseline nitrogen stable isotope (δ 15N) data 

were unavailable, a multi-lake correlation analysis between [Hg] and δ 15N was not conducted. However, 

given the well-established positive relationships between [Hg] and δ 15N in the literature (e.g., Kidd et al., 

1995), a positive relationship was assumed. Instead of a full Hg-nitrogen correlation analysis, therefore, 

δ15N ratios in Slimy Sculpin were compared across years within each lake using ANCOVA, and pairwise 

differences were interpreted in the context of pre- vs. post-flooding conditions.  

To compare pre-and post-flood years in both flooded and reference lakes for each species (approach 

#1), a LMEM was constructed for each covariate of interest (relative condition, C: N ratio, δ¹³C, age). The 

covariate of interest was treated as the response variable, while year and fork length were included as fixed 

effects. Waterbody and year were included as random effects to account for inter-annual and site-specific 

variability. One exception occurred when examining pre-and post-flood years in reference lakes for relative 

condition in Slimy Sculpin, where a linear model (ANCOVA) was used instead, due to convergence issues 

with the LMEM (Table A2.8). In this case, relative condition served as the response variable, while year 

and fork length were included as predictor variables. For δ¹⁵N, individual linear models (ANCOVAs) were 

applied for each species and each lake, with δ¹⁵N as the response variable and year and fork length as the 

predictor variables. Due to data limitations, no comparisons of pre-and post-flood years in reference lakes 

were conducted for Ninespine Stickleback. The final model assessments for the covariates followed the 

same approach as outlined for [Hg].  

To compare covariates of fish [Hg] between flooded and reference lakes in each post-flood year 

(2020 and 2021; approach #2), LMEMs were again applied with relative condition, C: N ratio, δ¹³C, δ¹⁵N, 

or age as the response variable. Exposure type (flooded vs. reference) and fork length were treated as fixed 

effects, while waterbody was included as a random effect. This model was applied to both Slimy Sculpin 

and Ninespine Stickleback for each individual post-flood year. Exceptions to this model included the 2021 

relative condition analysis for both species, where a linear model (ANCOVA) was used instead (Table 

A2.8). In this case, exposure type and fork length were treated as fixed predictor effects, and relative 
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condition was the response variable. Additionally, in 2020, C: N in Slimy Sculpin was modeled using fork 

length in the random effects term of the model to account for random slopes (Table A2.8).  

2.5.3 Water Chemistry 

To complement analyses conducted on fish tissue, the percentage of MeHg (% MeHg) relative to 

total Hg in water, along with [THg], [MeHg], and [DOC], were analyzed using non-parametric Mann-

Whitney U tests. These tests were performed using the “wilcox.test()” function in R. A non-parametric 

approach was selected due to the non-normal distribution of the data and the small sample size, ensuring 

that all comparisons followed a consistent analytical method. The Mann-Whitney U test is particularly 

suited for comparing differences between two independent groups when the assumptions required for 

parametric tests, such as normality, are not met.  

Comparisons were made between the pre-flood year (2018) and each post-flood year (2020 and 

2021) for both flooded and reference lakes (approach #1). For Hg, analyses were conducted on both filtered 

and unfiltered samples; however, only the filtered data are included in the results (Chapter 3), while the 

remaining data are available in the appendices. Filtered water samples were prioritized because they are 

considered more ecologically relevant in assessing the bioavailability of contaminants such as Hg. The 

dissolved fraction of Hg, captured in filtered samples, is more readily available for uptake by aquatic 

organisms (Eckley et al. 2022), making it the most meaningful measure for evaluating contaminant 

exposure. Unfortunately, water [Hg] data for 2019 were unavailable due to a contamination issue. Further 

comparisons of [THg], [MeHg], and [DOC], and % MeHg (for both unfiltered and filtered samples) were 

conducted between flooded and reference lakes for 2020 and 2021 (approach #2). In these post-flood years, 

data for two indices of DOC quality, SUVA and HIX, were available and were also compared between 

flooded and reference lakes to assess differences in DOC composition and potential influences of Hg 

transport and bioavailability. 
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Chapter 3: Results  

3.1 Water Chemistry  

As outlined previously, two analytical approaches were employed to address the objectives of this 

thesis. The first approach compared pre-flood (2018) and post-flood (2020 to 2021) data for both flooded 

and reference lakes. The second examined differences between flooded and reference lakes specifically 

during the post-flood years (2020 to 2021). These results of these analyses are presented below, and 

descriptive statistics for [THg], [MeHg], and % MeHg in water samples are provided in Table A3.1. 

3.1.1 Comparisons of [Hg] in water among years and between flooded and 

reference lakes 

Mercury concentrations in water appeared to increase after flooding, but evidence for flooding-

induced increases in net methylation rates was mixed. When comparing concentrations between the pre-

flood year (2018) and post-flood years (2019 to 2021) for the flooded lakes (approach #1), both [THg] 

(Mann-Whitney U test; W = 32, p-value = 0.00404) and [MeHg] (W = 32, p-value = 0.00836) were 

significantly higher in post-flood years than in the pre-flood year (Figures A3.2a and A3.3a, see 

supplementary Figures A3.1 and A3.4 for unfiltered results). However, the % of MeHg in filtered water 

samples from the flooded lakes did not show a significant difference between pre-and-post flood years (W 

= 27, p-value = 0.0727) (Figure A3.5a, see supplementary Figure A3.6 for unfiltered results). In the 

reference lakes, neither [THg] (W = 6, p-value = 0.286) nor [MeHg] (W = 4, p-value = 0.857) exhibited 

significant differences between pre-and post-flood years (Figure A3.2b and A3.3b, see supplementary 

Figures A3.7 and A3.8 for unfiltered results). Similarly, % MeHg in water from reference lakes remained 

unchanged among years (W = 0, p-value = 0.286) (Figure A3.5b, see supplementary Figure A3.9 for 

unfiltered results).  

When comparing flooded and reference lakes during post-flood years (2020 to 2021; approach #2),  

filtered samples from flooded lakes had significantly higher [THg] (W = 43, p-value = 0.0127), [MeHg] 

(W = 48, p-value = 0.000666) and % MeHg (W = 48, p-value = 0.000666) compared to reference lakes 

(Figures A3.10, A3.11, A3.12, see supplementary Figures A3.13, A3.14, A3.15 for unfiltered results).  

Overall, comparisons across years within both flooded and reference lakes, as well as comparisons 

between the flooded and reference lakes in post-flood years, indicate that flooding increased [THg] and 

[MeHg] in water. However, % MeHg was only significantly impacted by flooding when comparing flooded 

and reference lakes post-flooding, rather than over time within flooded lakes alone.  
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Table 2: Mean values for filtered [MeHg], % MeHg, and [THg] categorized by pre-flood (2018) and post-

flood (2020 and 2021) years, and by exposure type (reference or flooded) of the study lakes. Data are 

presented as mean (standard deviation). Units are ng/L. NA indicates data is not available due to low 

sample size. No data was available for any parameter listed in 2019 (contamination issue).  

Years Exposure Type n % MeHg  MeHg  THg  

Pre-Flood Reference 1 2.918 (NA) 0.007 (NA) 0.281 (NA) 

Pre-Flood Flooded 4 5.227 (2.828) 0.009 (0.004) 0.217 (0.119) 

Post-Flood Reference 6 1.326 (0.193) 0.01 (0.005) 0.744 (0.338) 

Post-Flood Flooded 8 13.976 (8.409) 0.21 (0.169) 1.603 (0.594) 

 

3.2 Analyses of Fish Tissue  

Fish data were analyzed using the same two broad approaches applied to the water analysis to 

address the objectives of this thesis. The first approach compared pre-flood years (2018 and 2019) with 

post-flood years (2020 and 2021) for both flooded and reference lakes. The second approach examined 

differences between flooded and reference lakes, specifically during the post-flood years (2020 and 2021). 

[Hg] in both fish Slimy Sculpin and Ninespine Stickleback, across exposure types (flooded vs reference 

lakes), and sampling years, are illustrated in Figure 3.  
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Figure 3: Log10 dry Hg concentrations for Slimy Sculpin and Ninespine Stickleback collected at flooded 

and reference lakes from 2018 to 2021. Boxplots indicate the median, 25th and 75th percentiles, and 

minimum and maximum values within 1.5x the interquartile range. All individual data points are plotted. 

Flooding occurred in 2019.  

3.2.1 Slimy Sculpin  

3.2.1.1 [Hg] Comparisons Among Years  

In flooded lakes, lake-specific mean [THg] in Slimy Sculpin was higher in post-flood years than in 

pre-flood years and ranged from 0.18 to 1.8 mg/kg dry weight (dw) in 2020 and 2021, compared to 0.16 to 

0.22 mg/kg dw in 2018 and 2019. [Hg] were higher in 2021 than in 2020 (Table A3.2), with the higher 

concentrations observed in WTL and A63, and lower concentrations observed in A65 and A20 (Figure 3). 

Results from a mixed model, which included year and fork length as fixed factors and lake as a random 

effect, indicated that [Hg] differed significantly among years (LMEM; F3,261.71,=14.53, p < 0.001). [Hg] 

were also significantly and positively related to fork length across all years of the study (LMEM; F1,333.07 = 

22.66, p < 0.001)), with a significant interaction between year and fork length (LMEM; F3,332.35 = 5.40, p = 

0.001). Due to the significant interaction between year and fork length, post-hoc pairwise comparisons were 

conducted at a standardized fork length of 48 mm (the mean value for the dataset). At this fork length, [Hg] 
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in Slimy Sculpin muscle tissue did not differ significantly between the two pre-flood years (2018 and 2019) 

or between the two post-flood years (2020 and 2021). However, all other pairwise comparisons between 

pre-flood and post-flood years were significant, indicating a clear increase in [Hg] following flooding 

(Figure 2a).  

 

Figure 4: Log10 dry Hg concentrations in (a) flooded and (b) reference lakes from 2018 to 2021. Boxplots 

show data for each waterbody. Black diamonds and error bars (dashed line) depict estimated marginal 

mean Hg concentrations ± standard error at a fork length of 48 mm in each exposure category. 

Significant pairwise differences are indicated by dissimilar letters.  

In reference lakes (A44, B03, LK8), mean muscle [THg] were 0.12 mg/kg in 2018, and 0.17 mg/kg 

in 2019 (pre-flood years), increasing to 0.16 mg/kg in 2020 and 0.22 mg/kg in 2021 (post-flood years) 

(Table A3.2). Similar to the patterns observed in flooded lakes, [Hg] in SLSC muscle tissue from reference 

lakes varied significantly among years (LMEM; F3,205.71 = 3.05, p = 0.030), and was significantly and 

positively related to fork length (LMEM; F1,205.15 = 80.9, p < 0.0010). A significant interaction between fork 

length and year was also detected (LMEM; F3,205.67 = 3.11, p = 0.028), prompting post-hoc pairwise 

comparisons adjusted to a standardized fork length of 48 mm (dataset average). Unlike the consistent post-

flood increases in [Hg] observed in flooded lakes, Slimy Sculpin from reference lakes did not exhibit a 

clear difference between pre-and-post flood years (Figure 4b). The only significant pairwise difference 

occurred between 2018 and 2020 (post-hoc; t = -2.79, p = 0.030; Table A3.4). This difference was likely 

influenced, at least in part, by the smaller average fish sizes captured in 2018 compared to the other years 

(Figure A3.16). Although [Hg] values were length-adjusted, these adjustments were based on year-specific 

slopes between [Hg] and fork length, which are influenced by the size distribution of sampled fish in that 
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year. Because the range of sizes in 2018 was narrower than in other years, the estimated slope was shallower, 

resulting in a lower length-adjusted mean (Figure A3.16).  

3.2.1.2 [Hg] comparisons between flooded and reference lakes in the post-flood years (2020 and 2021) 

In the post-flood years (2020 and 2021), mean [Hg] in Slimy Sculpin were significantly higher in 

flooded lakes than in reference lakes (Figure 3 bottom, Table A2.4). The highest lake-specific mean [Hg] 

observed in flooded lakes was 1.0 mg/kg dw in 2020 and 1.8 mg/kg dw in 2021, whereas in reference lakes, 

mean [Hg] remained below 0.25 mg/kg dw in both years (Table A3.2). Mixed-effect models conducted 

separately for 2020 and 2021, with exposure (flooded vs. reference) and fork length as fixed factors and 

lake as a random factor, confirmed that [Hg] was significantly higher in flooded lakes than in reference 

lakes (LMEM; 2020: F1,132.5 = 25.9, p < 0.0010; 2021: F1,90.9 = 37.9, p < 0.0010) (Figure 5a, 5b). Mercury 

concentrations also increased significantly with fork length in both years (F>1,118.0 > 24.8, p < 0.00010), and 

a significant interaction between fork length and exposure type was detected (LMEM; 2020: F1,200.20 = 11.7, 

p < 0.0010, 2021: F1,118.0 = 21.8, p < 0.0010). Given the significant interaction between fork length and 

exposure, post-hoc comparisons were conducted at a standardized fork length of 48 mm, which closely 

matched the dataset mean and minimized extrapolation. At this standardized length, [Hg] in Slimy Sculpin 

was significantly higher in flooded lakes than in reference lakes in both post-flood years (Tukey’s test; 

2020: t = 5.24, p = 0.0060; 2021: t = 5.07, p = 0.0050).  

Overall, comparisons between flooded and reference lakes in post-flood years, as well as among-

year comparisons within each exposure type, indicate that flooding significantly increased [Hg] in Slimy 

Sculpin.  
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Figure 5: Log10 dry Hg concentrations in Slim Sculpin at flooded and reference lakes in (a) 2020 and 

(b) 2021. Boxplots show data for each waterbody. Black diamonds and error bars (dashed line) depicted 

estimated marginal mean Hg concentrations ± standard error at a fork length of 48 mm for each 

exposure category. Hg concentration was significantly higher in flooded lakes than reference lakes in 

both 2020 and 2021 (2020: F1,132.5=25.9, p <0.0010; 2021: F1,90.9 = 37.9, p < 0.0010).  

3.2.1.3 Relationships between fish [Hg] and covariates  

In flooded lakes, [Hg] in Slimy Sculpin were significantly correlated with δ13C, C: N ratio, age, 

and relative condition (Table 3), with the strongest relationship observed between [Hg] and δ13C (Table 3). 

As anticipated, [Hg] was negatively correlated with both δ13C and relative condition, indicating that fish 

relying on more pelagic and/or terrestrially derived carbon sources tended to have higher [Hg] and those in 

better condition tended to have lower [Hg]. Conversely, [Hg] was positively correlated with age, consistent 

with the expected pattern of Hg bioaccumulation over time.  Unexpectedly, a positive correlation was also 

observed between [Hg] and C: N ratio (Table 3), suggesting that fish with higher lipid content or greater 

carbon accumulation relative to nitrogen exhibited higher [Hg].  

Table 3: Results of Pearson’s correlation analyses between [Hg] in Slimy Sculpin tissue and each of 

several statistically significant covariates in flooded lakes (all years of data included).  

Variable 1 Variable 2 Pearson’s r p n 

logdryHg δ13C -0.72612 <0.0001 345 

logdryHg C: N 0.22203 <0.0001 345 

logdryHg Age 0.12360 0.02205 343 

logdryHg Relative Condition -0.17729 0.00094 345 
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Results from mixed-effects models and post-hoc analyses suggest that flooding-induced changes 

in carbon source, as indicated by δ13C, may have contributed to the observed increase in [Hg] in Slimy 

Sculpin between pre- and post-flood years. As previously reported, [Hg] in Slimy Sculpin was significantly 

higher in post-flood years than in pre-flood years, and [Hg] was negatively correlated with δ13C in flooded 

lakes. δ13C ratios differed significantly among years (LMEM; F3,315.28 = 20.1, p < 0.00010), with values in 

post-flood years being more depleted than those in pre-flood years (Figure 6a). Because δ13C was 

significantly related to fork length (F1,334.09 = 8.49, p = 0.0040) and there was a significant interaction 

between fork length and year (F3,333.3 = 18.7, p < 0.0010), post-hoc pairwise comparisons were conducted 

at a standardized fork length of 48 mm (dataset mean). Most pairwise comparisons between years were 

significant, including 2018 vs. 2019 (t = 3.25, p = 0.050), 2018 vs. 2020 (t = 8.31, p < 0.0010), 2018 vs. 

2021 (t = 9.26, p = 0.0020), 2019 vs. 2020 (t = 3.92, p = 0.022), and 2019 vs. 2021 (t = 4.56, p = 0.0080), 

but there was no significant difference between the two post-flood years, 2020 and 2021 (t= 0.390, p = 

0.98), suggesting that δ13C depletion may have stabilized after the initial flood impact.  In reference lakes, 

δ13C also exhibited significant variation across years (LMEM; F3,197.79 = 4.72, p = 0.0030), but unlike in 

flooded lakes, no significant pairwise differences among years were detected at the standardized fork length 

of 48 mm (|t| < 1.54, p > 0.49) (Figure 6b). As declines in δ13C were not observed in reference lakes after 

flooding, the results suggest that flooding led to a shift toward more depleted δ13C in Slimy Sculpin.  

 

Figure 6:  δ 13C in Slimy Sculpin at (a) flooded lakes and (b) reference lakes from 2018 to 2021. Boxplots 

show data for each waterbody. Black diamonds and error bars (dashed line) depict estimated marginal 

mean for δ13C ± standard error for each year. Significant pairwise differences between years are 

indicated by different letters.  
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Age, C: N ratio, and relative condition were also (in addition to δ13C) all significantly correlated 

with [Hg] in Slimy Sculpin from flooded lakes; however, mixed model analyses comparing these variables 

across years suggest that only a decline in relative condition may be linked to the observed increase in [Hg] 

post-flooding. 

 When Slimy Sculpin age was modeled as a function of length, year, and their interaction, the 

interaction term was significant (LMEM; F3,332.56 = 2.99, p = 0.031), indicating that the age-length 

relationship varied significantly among years. Pairwise comparisons at a standardized length of 48 mm 

(dataset average) revealed significant differences in age between 2018 and 2021 and between 2019 and 

2021 (t > 3.36, p-value < 0.025). However, the estimated age-at-length for 48 mm fish was significantly 

younger in 2021 compared to 2018 and 2019 (Table A3.5). Given that the correlation between age and [Hg] 

was positive, the observed increase in [Hg] post-flooding cannot be explained by slower growth rates. 

Additionally, in both post-flood years, mean age (adjusted for length) did not differ significantly between 

flooded and reference lakes (LMEM; 2020: F1,3.98 = 2.17, p = 0.21; 2021: F1,4.82 = 1.18, p = 0.33). 

Although C N ratios differed significantly among years in an overall comparison (LMEM; F3,321.68 

= 5.52, p = 0.0010), pairwise differences between individual years were not significant when tested at a 

standardized fork length of 48 mm (t < -0.29, p > 0.18). For C:N ratios to explain the increase in [Hg] in 

Slimy Sculpin post-flooding, C: N values would have needed to increase after flooding, given that the 

relationship between [Hg] and C: N was positive (Table 3). However, no such increase was observed, even 

when assessed qualitatively (Figure A3.17).  

Relative condition was significantly and negatively correlated with [Hg] in Slimy Sculpin and 

differed significantly among years (LMEM, F3,325.768 = 5.56, p = 0.0010). Post-hoc pairwise comparisons at 

a standardized fork length of 48 mm revealed significant differences between 2021 and each of the other 

years (t > 3.33, p = 0.033; Figure 7a), while no other pairwise differences were significant (|t| < 1.04, p > 

0.81). Although it is possible that flooding led to a delayed decrease in relative condition (by one year), 

which in turn contributed to increased [Hg], this explanation seems unlikely because a similar decline in 

relative condition was also observed in reference lakes in 2021 (Figure 7b). In reference lakes, relative 

condition differed significantly among years (LMEM; F3,208 = 9.30, p < 0.00010), and post hoc comparisons 

at a standardized size of 48 mm showed that, similar to trends in the flooded lakes, the only significant 

pairwise differences were between 2021 and each of the other years (t > 2.94, p < 0.019), whereas no other 

pairwise differences were significant (|t| < 1.43, p > 0.48).  
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Figure 7: Relative condition in Slimy Sculpin at (a) flooded lakes and (b) reference lakes from 2018 to 

2021. Boxplots show data for each waterbody. Black diamonds and error bars (dashed line) depict 

estimated marginal mean relative condition ± standard error for each year. Significant pairwise 

differences between years are indicated by different letters. (Note, flooded lakes were analyzed with a 

LMEM, whereas reference lakes could not be analyzed with a LMEM so were analyzed with an ANCOVA 

without random effects).  

Post-flood increases in [Hg] in Slimy Sculpin did not appear to be driven by flooding-induced 

changes in δ15N. While δ15N differed among years in some lake-specific ANCOVAs (Table A3.3), pairwise 

comparisons of length-adjusted δ15N did not indicate a consistent or significant increase in δ15N across all 

or most flooded lakes in post-flood years (Table A3.4). The only lake where a clear pattern of higher δ15N 

post-flood was observed was A63 (Figure A3.18; Table A3.4).  

Among the covariates examined, δ13C appears to be most strongly linked to flooding-induced 

increases in [Hg]. [Hg] in Slimy Sculpin were significantly and negatively correlated with δ 13C in flooded 

lakes (Table 3), and δ 13C values in Slimy Sculpin generally declined after flooding in flooded lakes, but 

remained unchanged in reference lakes (Figure 6a, 6b). Additionally, δ13C in Slimy Sculpin was 

significantly more depleted in flooded lakes than in reference lakes during post-flood years (2020 and 2021) 

(LMEM; F>1,3.99 > 13.7, p < 0.019; Figure 8a, 8b).   
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Figure 8:  δ 13C in Slimy Sculpin from flooded and reference lakes in post-flood years (a) 2020 and (b) 

2021. Boxplots show data for each waterbody. Black diamonds and error bars (dashed line) depict 

estimated marginal mean δ13C ± standard error for each year at a fork length of 48 mm. δ13C was 

significantly more depleted in flooded lakes (F>1,3.99 > 13.662, p < 0.019) in 2020. In 2021, the omnibus 

test showed a significant difference in δ 13C between flooded and reference lakes, but at a fork length of 

48 mm, there was no significant difference.  

3.2.2 Ninespine Stickleback 

3.2.2.1 [Hg] Comparisons Among Years  

In flooded lakes (A20, A63, A65, WTL), mean [Hg] in Ninespine Stickleback were well below 0.1 

mg/kg dw in pre-flood years (2018 and 2019), and ranged from 0.1 to 0.4 mg/kg dw in post-flood years 

(2020 and 2021) (Table A3.2). Similar to the patterns observed for Slimy Sculpin, the highest [Hg] were 

found in WTL and A63, while lower concentrations were observed in A65 and A20 (Figure 3). Results from 

an LMEM, which included year and fork length as fixed factors and lake as a random factor, indicated that 

[Hg] differed significantly among years (LMEM; F3,11.06 = 34.0, p < 0.0010). However, unlike Slimy 

Sculpin, [Hg] in Ninespine Stickleback was not significantly correlated with fork length (F1,10.70 = 3.21, p 

= 0.10). Post-hoc comparisons showed significant differences in [Hg] between pre-flood and post-flood 

years, with increases observed between 2018 and 2020 (t = -4.61, p = 0.0030), 2018 and 2021 (t = -6.66, p 

< 0.0010), 2019 and 2020 (t = -6.54, p < 0.0010), and 2019 and 2021 (t = -9.05, p < 0.0010), indicating that 

[Hg] levels were significantly higher in post-flood years (Figure 9). Pairwise comparisons between the two 

pre-flood years (2018 and 2019) and the two post-flood years (2020 and 2021) were not significant (Figure 

9), suggesting that [Hg] remained consistently elevated in post-flood years. Since [Hg] data for Ninespine 
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Stickleback from reference lakes were not available prior to flooding, pre-vs. post-flood comparisons could 

not be conducted for reference lakes. 

 

Figure 9: Log10 dry Hg concentrations for Ninespine Stickleback between 2018 and 2021 in flooded 

lakes. Black diamonds and error bars (dashed line) show estimated marginal means ± standard error 

calculated at a fork length of 50 mm.  Significant pairwise differences between years are indicated by 

different letters. 

3.2.2.2 [Hg] Comparisons between flooded and reference lakes in the post-flood years (2020 and 2021) 

Sample sizes for Ninespine Stickleback from reference lakes were very limited, restricting the 

scope of statistical analysis. In 2020, [Hg] data were only available for two reference lakes (A44 and B03), 

with sample sizes of just one and three fish, respectively. A qualitative, visual assessment suggests that 

mean [Hg] were higher in flooded lakes than in reference lakes in both 2020 and 2021 (Table A3.2; Figure 

3), but due to low sample sizes, statistical analyses were only conducted on 2021 data. Results from LMEM 

for 2021 indicated that [Hg] in Ninespine Stickleback was significantly higher in flooded lakes than in 

reference lakes (LMEM; F1,4.13 = 45.1, p = 0.0020; Figure 10). Additionally, [Hg] was significantly related 

to fork length (LMEM; F1,59.55 = 7.01, p = 0.010), suggesting that larger fish exhibited higher [Hg].   
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Figure 10: Log10 dry Hg concentration for Ninespine Stickleback at flooded and reference lakes in 2021. 

Boxplots show data for each lake. Black diamonds and error bars (dashed line) show estimated marginal 

means ± standard error calculated at a fork length of 50 mm. Mercury concentrations in Ninespine 

Stickleback from flooded lakes were significantly higher than Hg concentrations in Ninespine 

Stickleback from reference lakes (F1,4.13 = 45.1, p = 0.0020).  

Overall, comparisons between flooded and reference lakes in post-flood years, as well as among-

year differences in flooded lakes, indicate that flooding contributed to increases [Hg] in Ninespine 

Stickleback. 

3.2.2.3 Correlations between fish [Hg] and covariates  

In the flooded lakes, [Hg] in Ninespine Stickleback was significantly correlated with δ13C, C: N 

ratio, and relative condition (Table 4). Due to limited sample sizes, analyses involving age could not be 

conducted. As observed in Slimy Sculpin, the strongest correlation was between [Hg] and δ13C (Table 4). 

Correlations between [Hg] and each of δ13C and relative condition were negative, whereas similar to what 

was observed for Slimy Sculpin, the correlation between [Hg] and C: N was unexpectedly positive (Table 

4). Results of mixed model and post-hoc analyses suggest that, similar to Slimy Sculpin, differences in 

Ninespine Stickleback [Hg] pre- vs. post-flooding may be associated with flooding-induced shifts in carbon 

source (as indicated by δ13C) and changes in relative condition. However, the evidence for Ninespine 

Stickleback is not as strong as for Slimy Sculpin, likely due to more limited data for this species.  
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Table 4: Results of Pearson’s correlation analyses between [Hg] in Ninespine Stickleback tissue and 

each of several statistically significant covariates in flooded lakes (all years of data included).  

Variable 1 Variable 2 Pearson’s r p n 

logdryHg δ13C -0.63730 <0.0001 382 

logdryHg C: N 0.14760 0.00384 382 

logdryHg Age 0.04091 0.42953 375 

logdryHg Relative condition -0.24095 <0.0001 380 

 

δ13C in Ninespine Stickleback differed significantly among years in flooded lakes (LMEM; F3,367.33 

= 5.38, p = 0.0010), with more depleted values in post-flood years compared to pre-flood years (Figure 11). 

Because δ 13C was significantly related to fork length (F1,337.48 = 4.36, p = 0.038) and there was a significant 

interaction between fork length and year (F3,369.61 = 7.80, p < 0.0010), post-hoc comparisons were conducted 

at a standardized fork length of 50 mm (dataset mean). At this standardized size, all pairwise comparisons 

among years were significant (|t| > 3.23, p < 0.040). Size-standardized δ13C ratios were more similar within 

pre-flood (2018-2019) and post-flood (2020-2021) years than across pre-flood and post-flood year 

comparisons, with post-flood years consistently showing more depleted δ13C values (Figure 11). Since δ13C 

data for Ninespine Stickleback were not available from reference lakes prior to flooding, pre- vs. post-flood 

comparisons were not possible for reference lakes. Unlike what was observed for Slimy Sculpin, δ13C in 

Ninespine Stickleback did not differ significantly between flooded and reference lakes in 2021, the only 

year for which comparative data were available (LMEM; F1,4.23 = 0.40 p = 0.56). While it is thus possible 

that flooding-induced declines in δ13C contributed to increased [Hg] in Ninespine Stickleback, the evidence 

for this correlation and mechanism is weaker than what was observed for Slimy Sculpin.  
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Figure 11: δ13C for Ninespine Stickleback between 2018 and 2021 in flooded lakes. Black diamonds and 

error bars (dashed line) show estimated marginal means δ13C ± standard error calculated at a fork length 

of 50 mm. Significant pairwise differences between years are indicated by different letters. 

C: N ratio and relative condition were both significantly correlated with [Hg] in Ninespine 

Stickleback from flooded lakes (Table 4). However, mixed model analyses comparing these variables across 

years suggest that, similar to Slimy Sculpin, only a decline in relative condition may be associated with the 

observed increase in [Hg] post-flooding. C: N ratios in Ninespine Stickleback differed significantly among 

years (LMEM; F3,371,79 = 8.80, p < 0.0010). Post-hoc comparisons at a standardized fork length of 50 mm 

(minimizing extrapolation) revealed that C: N ratios in 2018 were significantly lower than in all other years 

(|t| > 4.73, p < 0.0010), but no other pairwise differences were significant (|t| < 0.28, p > 0.99) (Figure 

A3.19). This pattern does not align with expectations for flooding-induced changes in C: N and therefore 

does not explain the increase in [Hg] in Ninespine Stickleback post-flooding. Following a major flooding 

event, we would typically expect C: N ratios to increase due to a dietary shift toward more carbon-rich, 

terrestrial organic matter and/or reductions in protein-rich autochthonous food sources (Lau et al. 2009; 

Wilcox et al. 2011). Additionally, because the correlation between [Hg] and C: N was positive, flooding-

related increases in [Hg] would require a corresponding increase in C: N ratios post-flood, which was not 

consistently observed. In 2021, the only year for which a direct comparison between flooded and reference 

lakes was possible, C: N ratios did not differ significantly between exposure types at the standardized fork 

length of 50 mm (t = 0.0060, p = 0.99) (Figure A3.20). Therefore, flooding-induced increases in [Hg] in 

Ninespine Stickleback do not appear to be mediated by changes in C: N ratios.  



 
 

38 

 

   The correlation between [Hg] and relative condition for Ninespine Stickleback was negative 

(Table 4) and may have contributed to flooding-induced increases in [Hg], though the evidence remains 

limited. Relative condition varied significantly among years (LMEM; F3,371.02 = 5.56, p = 0.0010), with 

higher values observed in the two pre-flood years (2018 and 2019) compared to the two post-flood years 

(2020 and 2021) (Figure 12, Table A3.5). At a standardized fork length of 50 mm (minimizing 

extrapolation), pairwise comparisons indicated significant differences in relative condition between 2019 

and each of 2020 and 2021 (t > 3.62, p < 0.010). However, comparisons between 2018 and the post-flood 

years were not significant (t < 1.55, p > 0.43). Significant differences were also not observed between the 

two pre-flood years or between the two post-flood years (|t| < 2.22, p > 0.16) (Figure 12). In 2021, the only 

year for which a direct comparison between flooded and reference lakes was available, relative condition 

did not significantly differ between exposure types (ANCOVA; F1,62 = 0.020, p = 0.88) (Figure A3.21). 

 

Figure 12: Relative condition for Ninespine Stickleback between 2018 and 2021 at flooded lakes. 

Boxplots show data for each lake. Black diamonds and error bars (dashed line) show estimated marginal 

mean relative condition factor ± standard error calculated at a fork length of 50 mm. Significant pairwise 

differences between years are indicated by different letters.   

There was little evidence to suggest that post-flood increases in [Hg] in Ninespine Stickleback were 

linked to elevated δ15N. While δ15N differed significantly among years in three of the four flooded lakes 

(A20, A63, and A65; ANCOVA; F>2,80 > 3.97, p < 0.0040); there was no significant variation in δ15N across 

years in WTL (ANCOVA; F3,105 = 1.96, p = 0.12). Post-hoc comparisons at a standardized fork length of 

50 mm (minimizing extrapolation) showed that δ15N ratios were not consistently or significantly higher in 

post-flood years compared to pre-flood years (Table A3.5). While some significant differences were 

detected between specific pre- and post-flood years in A20, A63, and A65, similar differences were also 
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observed between the two post-flood years. In some cases, δ15N ratios were actually higher in pre-flood 

years than in post-flood years (Table A3.5), suggesting no clear post-flood increase in trophic position.   

Among the covariates analyzed, δ13C appears to be the most likely factor associated with flooding-

induced increases in [Hg]. [Hg] in Ninespine Stickleback were significantly and negatively correlated to 

δ13C in flooded lakes (Table 4), and δ13C values in Ninespine Stickleback generally declined after flooding 

(Figure 11). However, unlike Slimy Sculpin, δ13C in Ninespine Stickleback did not differ significantly 

between flooded and reference lakes in the only year with comparative data available (2021; LMEM; F1,4.23 

= 0.40 p = 0.56). While it is possible that flooding-induced declines in δ13C contributed to increased [Hg] 

in Ninespine Stickleback, the evidence supporting this correlation is weaker that what was observed for 

Slimy Sculpin.  

3.3 Additional Water Chemistry Analyses  

 Because δ13C, a key indicator of changes in carbon changes (Post et al., 2000; Post, 2002), was the 

most likely covariate affecting increased [Hg] in Slimy Sculpin and, to a lesser extent, Ninespine 

Stickleback following the flooding event, analyses of additional water quality parameters related to carbon 

quantity and quality were conducted.  Concentrations of DOC, HIX, and SUVA were examined to further 

investigate potential shifts in carbon sources due to flooding. When comparing [DOC] in water between 

pre-flood (2018) and post-flood years (2020 to 2021) in flooded lakes, no significant difference was 

detected (W = 27, p-value = 0.073) (Figure A3.22a). Similarly, no significant difference in [DOC] was 

observed in reference lakes over the same period (W = 1, p-value = 0.57) (Figure A3.22b). However, when 

comparing flooded and reference lakes during post-flood years (2020 to 2021), [DOC] was significantly 

higher in flooded lakes than in reference lakes (W = 48, p-value = 0.00066) (Figure A3.23). Comparisons 

of HIX and SUVA between pre-flood and post-flood years were not possible, as pre-flood data for these 

parameters were unavailable. HIX1999 (W = 34, p-value = 0.23), HIX2002 (W = 43, p-value = 0.23) 

(Figure A3.24), and SUVA (W = 36, p-value = 0.14) (Figure A3.25) did not differ significantly between 

flooded and reference lakes in post-flood years. 

 Overall, [DOC] in water appeared to be influenced by flooding in post-flood years, whereas HIX 

and SUVA did not show significant changes. This indicates that the amount of DOC increased in lakes, 

likely as a result of flooding, but that the quality of that carbon (i.e., labile vs. recalcitrant) did not change.  
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Table 5: Mean water chemistry values for [DOC], HIX 1999, HIX 2002, and SUVA, categorized by pre-

flood (2018) and post-flood (2020 to 2021) years, and by the exposure type (reference or flooded) of the 

study lakes. Data are presented as mean (standard deviation). NA indicates data were not collected. No 

data was available for any parameter listed in 2019 (contamination issue).  

Years 
Exposure 

Type 
N 

DOC 

(mg/L) 
HIX 1999 HIX 2002 SUVA 

Pre-

Flood 
Reference 1 2.29 (NA) NA NA NA 

Pre-

Flood 
Flooded 4 2.60 (0.275) NA NA NA 

Post-

Flood 
Reference 6 1.87 (0.344) 0.508 (0.116) 

0.334 

(0.0520) 
1.77 (0.386) 

Post-

Flood 
Flooded 8 3.16 (0.544) 0.585 (0.0540) 

0.368 

(0.0220) 
2.14 (0.459) 
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Chapter 4: Discussion  
I aimed to assess changes in [Hg] following a mine-related flooding event by comparing pre- and 

post-flood years in both flooded and reference lakes, as well as evaluating differences between flooded and 

reference lakes in post-flood years. Results indicate that in this Barrenland tundra system, flooding did 

increase loading of both inorganic and MeHg into affected lakes, as evidenced by significantly elevated 

[THg] and [MeHg] in water samples from flooded lakes during the post-flood years. While [Hg] in 

freshwater lakes vary due to factors such as geographic location, environmental conditions, and biological 

interactions, post-flood [THg] and [MeHg] observed in this study were within or at the higher end of ranges 

reported elsewhere in the Arctic, including sites such as Cornwallis Island, Devon Island, Somerset Island, 

Ellesmere Island, the Mackenzie River Basin, Iqaluit, and Resolute Bay (AMAP, 2021). Thus, while 

flooding increased [Hg] in lake water, these concentrations were still within the expected range for Arctic 

freshwater lakes (AMAP, 2021). The increased aqueous [Hg] observed in flooded lakes were likely 

facilitated by mobilization of OM and an increase in DOC, which facilitates the formation of Hg-DOC 

complexes and enhances Hg mobility in water (e.g., Johnston et al.,1991, St Louis et al., 2004). Indeed, I 

did find evidence that flooding increased [DOC] in water. 

 Tundra vegetation, including heath, moss, lichens, willows (Smith et al., 1998), and soils in the 

study area are known to sequester atmospheric Hg (Obrist et al., 2017). The disruption of these terrestrial 

Hg pools due to flooding likely contributed to increased loading of Hg to systems located downstream of 

flooding. Additionally, the proximity of the gold mine to the study lakes and the alteration of natural water 

flow due to dam construction may have further increased Hg input via overland runoff and sediment 

transport. The elevated [DOC] in flooded lakes compared to the reference lakes in post-flood years, suggests 

an increased flux of allochthonous, terrestrially derived carbon (see Moslemi-Aqdam et al., 2022) following 

the flooding event. This flux of external OM, combined with higher [Hg] in water, can create conditions 

that are favorable for microbial methylation and subsequent MeHg production (see Bravo et al., 2017, 

Moslemi-Aqdam et al., 2022), although % MeHg, and thus inferred net methylation rates, in water did not 

appear to be affected by flooding.   

Elevated aqueous [MeHg] in flooded lakes likely provided the foundation for increased 

bioaccumulation and biomagnification of Hg through flooded ecosystems, which ultimately resulted in 

higher [Hg] in the two small-bodied fish species that were studied. All four lakes affected by the flooding 

event (A20, A63, A65, WTL) exhibited elevated [Hg] in the muscle tissue of Slimy Sculpin and Ninespine 

Stickleback in the years following flooding. While species-specific studies on Hg accumulation in these 

fish within Arctic environments are limited, available literature suggests that Ninespine Stickleback muscle 

[Hg] observed in this study exceeded some previously reported values (Burke, 2019). For Slimy Sculpin, 
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[Hg] in this study fall within, or slightly exceed, the range observed in Arctic and sub-Arctic literature 

(MacFarlane & Olegario, 2008; Matz et al., 2017).  

The higher fish [Hg] observed after flooding in this study align with findings presented in existing 

literature. Several previous researchers have shown that fish exposed to flooding events experience 

significant increases in tissue [Hg] (see Bilodeau et al., 2016). The rapid response of Slimy Sculpin and 

Ninespine Stickleback to increased Hg loading (i.e., within two years post-flood) suggests that forage fish 

in this system were highly responsive to increased Hg inputs. This may be partly due to the fact that both 

species may feed directly on flooded terrestrial material, where DOC-Hg complexes likely maintain Hg in 

a mobile and bioavailable form, and where anoxic conditions (due to decomposition of terrestrial OM) 

promote the activity of methylating microbes.  It is possible that [Hg] in these forage fish species have not 

yet reached peak concentrations, as studies in boreal flood-affected environments indicate that [Hg] can 

continue rising for several years (Bilodeau et al., 2016). Continuing increases in [Hg] could also be 

exacerbated by climate-induced mobilization of Hg from permafrost (e.g., Schuster et al., 2018). Although 

Hg mobilization into aquatic ecosystems is already difficult to predict due to climate change (see Burke, 

2019), it is possible that [Hg] in Slimy Sculpin and Ninespine Stickleback will continue to increase due to 

compounding effects of mine-related flooding and ongoing climate-driven changes in Hg cycling.   

In this study, the elevated [Hg] observed in the muscle tissue of Slimy Sculpin and Ninespine 

Stickleback likely reflects similar changes at both lower and higher trophic levels within the exposed lakes 

(see Bilodeau et al., 2016, Morris et al., 2022, Scheuhammer et al., 2015). There is extensive research 

indicating that species occupying higher trophic levels, such as Lake Trout and Northern Pike, tend to 

accumulate higher [Hg] in their muscle tissue (e.g., Barst et al., 2022, Depew et al., 2013). In piscivorous 

fish, Hg accumulation is influenced by food web length and ontogenetic dietary shifts, often leading to a 2-

to 3-fold increase in [Hg] compared to their prey (e.g., Jessen et al., 2010). Therefore, larger-bodied 

predatory fish may exhibit an even greater increase in [Hg] in response to flooding. Consequently, large-

bodied predatory fish present in the study lakes, such as Lake Trout, Arctic Char, Round Whitefish, and 

Burbot, would also be expected to have increased [Hg] in their tissuespost-flooding. Many of these larger 

fish species are important diet items for Arctic communities and wildlife, making increased Hg 

accumulation and concentrations particularly concerning.  The lack of data on large-bodied fish in this study 

is a key limitation, as their longer lifespans and higher trophic positions mean that they are likely to 

experience greater Hg bioaccumulation over time. Further research should explore Hg dynamics in these 

species and assess potential risks to subsistence fishers and wildlife in the area.  

 Most Hg studies in the Arctic, as well as studies of impacts of flooding on Hg, have occurred in 

boreal environments and have focused on large-bodied fish species, including Arctic Char, Northern Pike, 
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Lake Trout, Dolly Varden (Salvelinus malma), Burbot, Atlantic Salmon (Salmo salar), Yellow Perch (Perca 

flavescens), Arctic Grayling (Thymallus arcticus), and Walleye (Sander vitreus; e.g., Chételat et al., 2015, 

Keva et al., 2017, Power et al., 2002, Swanson et al., 2011).  However, small-bodied fishes, including Slimy 

Sculpin and Ninespine Stickleback, offer unique advantages for environmental monitoring. Due to their 

smaller home ranges and shorter life spans, these species can respond more rapidly to environmental 

changes compared to larger fish (Schoener, 1971). In addition, their broad distribution across various lake 

types further enhances their suitability as indicator species. While smaller-bodied species such as those used 

in this study may offer valuable early indications of disturbance-induced changes in Hg dynamics, the 

absence of data from large-bodied fish species limits the ability to fully quantify effects. Expanding future 

monitoring efforts to include larger-bodied fish species would strengthen the understanding of the full 

impact of mine-related flooding on Arctic aquatic food webs.  

Mining activities other than flooding may have also played a role in the elevated [Hg] observed in 

Slimy Sculpin and Ninespine Stickleback. Activities including road building, dam building and use of roads 

have no doubt increased soil erosion and contamination and resulted in pollution from dust and emissions 

(Haddaway et al., 2019), all of which may have introduced additional pathways for Hg to enter the aquatic 

environment. Literature suggests that proximity to point-source contamination is associated with elevated 

[Hg] in fish tissue (Barst et al., 2022). In addition to altering lake morphology, ongoing water management 

activities associated with mining operations, such as water intake to support mining activities and effluent 

discharge (Golder, 2018), likely influenced and will continue to influence hydrology and biogeochemistry 

of the study lakes. Going forward, fluctuations in water levels driven by mine operations may cause repeated 

wetting and drying of sediments, which can promote activity of methylating microbes and increase sulphate 

availability for sulphate-reducing bacteria, enhance the production of MeHg (St Louis et al., 2004, 

Willacker et al., 2016), and further increase Hg uptake and accumulation in biota. Future research should 

consider all aspects of mine-related activities and consequent effects on Hg biogeochemistry and 

accumulation in proximate aquatic systems. 

In addition to increases in [Hg] in water, increases in [DOC] were also noted. Increases in [DOC] 

may have both direct and indirect effects on Hg biogeochemistry, bioavailability, and bioaccumulation (see 

Ravichandran, 2004). The elevated [DOC] observed in the flooded lakes during this study supports the 

hypothesis that terrestrial inputs from the surrounding catchment increased as a result of flooding. The study 

lakes thus likely received greater inputs of allochthonous carbon, which is generally of lower nutritional 

quality than autochthonous carbon (see Moslemi-Aqdam et al., 2022). Shifts in the relative importance of 

allochthonous and autochthonous carbon, as well as effects of [DOC] on fish growth rates, can impact fish 

[Hg] (Moslemi-Aqdam et al., 2022). In addition, flooding-induced changes in lake morphology and 
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shoreline/nearshore habitat likely impacted habitat availability and habitat use for both Slimy Sculpin and 

Ninespine Stickleback.  

Although not the focus of this thesis, data on catch-per-unit-effort (CPUE), a standardized measure 

of fish abundance per unit of sampling effort, revealed contrasting trends between Slimy Sculpin and 

Ninespine Stickleback in post-flood years across all flooded lakes (C. Portt, personal communication). 

Slimy sculpin CPUE declined immediately after flooding, likely because slimy sculpin moved from newly 

flooded littoral zones (where electrofishing took place) into deeper areas where preferred cobble and 

boulder habitats were more available; Slimy Sculpin were more difficult to capture via shoreline 

electrofishing under high water levels (J. Ellenor and C. Portt, personal communication). In contrast, 

Ninespine Stickleback CPUE increased after flooding, which is consistent with their preference for 

vegetated habitats used for both feeding and nesting; field crews frequently observed Ninepsine Stickleback 

using flooded tundra habitats. These species-specific shifts in habitat use may have contributed to observed 

changes in Hg bioaccumulation, δ¹³C, and relative condition, as changes in diet and habitat availability can 

significantly influence contaminant exposure and energy balance. Long-term monitoring of water levels 

and fish habitat use, as well as ongoing monitoring of chemical analytes, will lend more insight into the 

mechanisms that regulate impacts of water level fluctuations on fish [Hg].  

Of the potential covariates influencing elevated [Hg] in Slimy Sculpin and Ninespine Stickleback 

tissue, δ13C was the most strongly correlated to flooding-induced increases in [Hg] for both species. As δ13C 

in fish tissue reflects long-term dietary sources, it serves as a key tracer of energy flow through the food 

web (Post et al., 2000, Post, 2002, Tiselius and Fransson, 2016, Weidel et al., 2011) and has also been shown 

to influence [Hg] in fish (Power et al., 2002). The finding that δ13C values in Slimy Sculpin and Ninespine 

Stickleback generally decreased in post-flood years compared to pre-flood years is consistent with results 

of previous research. An influx of terrestrially derived OM into an aquatic system can result in lower δ13C 

values in fish (Letourneur et al., 2013). This shift likely reflects an increased reliance on carbon sources 

from newly flooded terrestrial OM, which has a more depleted isotopic signature than pre-existing aquatic 

carbon sources (Hiltunen et al., 2019, Lau et al., 2009). The significant negative correlation between [Hg] 

and δ13C in flooded lakes suggests that fish relying more on terrestrially derived carbon sources 

accumulated higher [Hg], likely due to the lower quality of this source of OM, as well as enhanced 

bioavailability of Hg in flooded environments.   

Arctic freshwater ecosystems typically exhibit low autochthonous primary productivity. 

Allochthonous plant material from terrestrial sources, such as leaves from willows, dwarf birch, juniper, 

lichens, and mosses, are known to support energy dynamics and carbon cycling in Arctic aquatic systems 
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(Brittan & Bjornstad, 2010). While spring snowmelt and its associated high discharge rates drive natural 

influxes of allochthonous material into aquatic systems, incorporating plant debris from the previous year 

into catchment systems (Brittan & Bjornstad, 2010, Medeiros & Arthington, 2011), mine-induced flooding 

can change both the quantity and quality of OM entering the system. Allochthonous OM is generally 

nutritionally inferior to autochthonous OM, possessing lower-quality fatty acids (Hiltunen et al., 2019, Lau 

et al., 2009). The quality of carbon sources entering aquatic ecosystems plays a crucial role in regulating 

fish trophic level, foraging habitat, growth rate, and [Hg] accumulation (Moslemi-Aqdam et al., 2022). 

Enhanced transport of terrestrial nutrients into downstream aquatic systems can thus influence trophic 

interactions, productivity, and ultimately, contaminant concentrations across all levels of the food web. δ13C 

was the strongest predictor of [Hg] in fish muscle tissue in flooded lakes during post-flood years, explaining 

72% of variation in Slimy Sculpin and 63% of variation in Ninespine Stickleback. The negative correlation 

between δ13C and [Hg] aligns with previous findings, where about half of total Hg variation has been 

attributed to seasonally variable factors, such as δ13C (Keva et al., 2017). However, in this study, δ13C 

explained even greater variation in [Hg] than reported in literature, likely due to flooding-induced shifts in 

carbon-availability and the higher sensitivity of this Arctic system to environmental disturbances.  

The sources and extent of run-off, along with hydrologic conditions, have been linked to δ13C 

values due to their influence on OM dynamics (Letourneur et al., 2013). Changes in OM type can directly 

impact primary productivity (i.e., energy flow) at the lowest trophic levels by altering species composition, 

abundance, and growth rates (Duda et al., 2011), which in turn affects higher trophic-level species, such as 

fish. A study by Moslemi-Aqdam et al. (2022) on drivers of among-lake variation in fish [Hg] in the Dehcho 

Region of Northwest Territories, Canada, found that δ13C values were more depleted in slow-growing 

Northern Pike compared to their faster-growing counterparts. Their study suggested that the importance of 

terrestrial OM sources (allochthonous vs. autochthonous) influenced both fish growth rates and [Hg] 

accumulation (Moslemi-Aqdam et al., 2021) in the study systems. The results of Moslemi-Aqdam et al. 

(2022) align with this study’s findings, as lower δ13C values observed in post-flood years and the negative 

relationship between [Hg] and δ13C, support previously reported correlations among δ13C, OM, and [Hg] in 

fish (Duda et al., 2011; Letourneur et al., 2013).  Further reinforcing these connections, Moslemi-Aqdam 

et al. (2021) found positive correlations between δ13C values in Northern Pike and benthic invertebrates 

from littoral lake areas, suggesting that prey selection and habitat use influence δ13C signatures in predatory 

fish. Given that Hg contamination increases with trophic position (Power et al., 2002), it is possible that 

similar correlations between δ13C and [Hg] exist between the target forage fish species of this study and the 

benthic invertebrate community in the study lakes, though this was not directly examined due to absence 

of benthic invertebrate data. Future research should include not only higher trophic level large-bodied 
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fishes, but also lower trophic level organisms, including benthic invertebrates, and intentionally collected 

hydrologic data.  

In this study, decreases in δ13C could have been driven by changes in the quality of OM following 

the flooding event, as indicated by elevated [DOC] in flooded lakes in post flood years.  However, it is 

important to consider that fish habitat use may also have changed in response to flooding; specifically, fish 

may have fed more on pelagic carbon sources than on littoral carbon sources in post-flood years. Mercury 

contamination in fish has been reported to be inversely correlated to δ13C, with benthic-feeding species 

typically exhibiting lower [Hg] than pelagic-feeding fish (Power et al., 2002). As discussed above, future 

studies should include consideration of habitat availability and habitat use, which would further inform 

inferences regarding the mechanism(s) driving the observed negative correlation between fish [Hg] and 

δ13C. For example, it is possible that the inferred flooding-induced decrease in δ13C observed for Slimy 

Sculpin was due to a shift to deeper waters where preferred substrate (i.e., cobbles) was available. There 

was no significant difference in δ13C values between flooded and reference lakes in post-flood years for 

Ninespine Stickleback. This could be due to low sample size and consequently low power to detect 

differences induced by increases in terrestrially derived OM. It could also be due to the fact that Ninespine 

Stickleback did not appear to change their nearshore habitat use after flooding; Ninespine Stickleback were 

observed using flooded tundra (i.e., vegetation) habitats to a greater degree than Slimy Sculpin (J. Ellenor 

and C. Portt, pers. comm) in post-flood years. It is also important to consider that some researchers have 

found no significant differences in MeHg exposure between nearshore and offshore feeding fish (Rohonczy 

et al., 2020). Additional research that includes consideration of habitat use and collection of multiple trophic 

levels, is necessary. 

 C: N ratios are commonly used as proxy for lipid content (or fatty acid composition) in fish tissue, 

can provide insights into fish condition (Fagan et al., 2011), and serve as a correction factor for the effect 

of lipid content on stable isotopes, such as δ13C (Post et al., 2007). In this study, the C: N ratio accounted 

for only a small portion of the variation in Slimy Sculpin [Hg] (22%), and no significant differences in C: 

N were detected between pre-and post-flood years or between flooded and reference lakes. Following a 

flooding event, an increase in C: N ratio might be expected, particularly in fish relying more heavily on 

terrestrial OM, which tends to be higher in carbon-rich structural compounds (e.g., lignin, cellulose) and 

lower in nitrogen-rich proteins (Fagan et al., 2011). However, the absence of a detectable change in C: N 

ratio may reflect a relatively stable lipid content in fish muscle tissue despite habitat and dietary shifts, or 

it may suggest that changes in carbon quality did not significantly alter lipid accumulation in the short term. 

Additionally, the timing of sampling relative to fish growth or spawning cycles, species-specific metabolic 

responses, or compensatory dietary adjustments may have masked subtle shifts in tissue C: N ratios. Given 
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that total lipid concentrations in muscle tissue are generally expected to correlate positively with C: N ratios 

(Fagan et al., 2011, Post et al., 2007), this suggests that lipid content in Slimy Sculpin tissue was not 

significantly altered by the flooding event. Given the complexity of Hg dynamics in aquatic ecosystems, 

however, additional studies incorporating direct lipid analyses and trophic biomarkers (e.g., fatty acids) 

could help further elucidate the relationship between dietary carbon sources, lipid metabolism, and Hg 

accumulation in Arctic freshwater fishes. Further, sex should be considered in future studies of effects of 

flooding on fish [Hg]. Sex-related physiological differences, including differences in lipid content, 

reproductive investment, and metabolic rate, can influence Hg dynamics.  Females often exhibit lower 

muscle [Hg] compared to males, potentially due to the depuration of Hg through egg production or 

differences in energy allocation toward reproduction versus growth (Madenjian et al. 2014). Males, 

particularly during spawning, may experience increased metabolic mobilization of Hg from tissue stores 

(McKinley et al. 2012). Incorporating sex as a variable in future studies may improve the resolution of 

observed patterns and predictors of [Hg], particularly in species where reproductive status strongly affects 

proximate composition of tissues and contaminant storage. 

In this study, relative condition (or condition) was significantly and negatively correlated with [Hg] 

in both Slimy Sculpin and Ninespine Stickleback; however, the amount of variation explained by this 

covariate was minimal. Relative condition is a commonly used metric that integrates fish length and body 

weight to assess overall “health” by comparing an individual’s body size to that of conspecifics within the 

same population and age class. Several factors can influence fish condition, including exposure to 

contaminants, fish age (Bilodeau et al., 2016), nutritional status, and energy reserves (Fagan et al., 2011). 

Given this complexity, the correlation between Hg exposure and fish condition can potentially be 

confounded by multiple ecological and physiological factors. Condition has been identified in the literature 

as a “seasonally variable factor” with declines associated with starvation, which many fish experience 

during the winter months, as well with spawning activity and growth dilution (Keva et al., 2017). The 

observed negative correlation between [Hg] and fish condition in this study is consistent with previous 

findings in European Whitefish (Coregonus lavaretus; Keva et al., 2017), Walleye, and Northern Pike 

(Bilodeau et al., 2016). The negative correlation is often interpreted as evidence for starvation and growth 

dilution effects, where fish in poorer condition may have higher [Hg] due to increased metabolic 

mobilization of contaminants from tissue reserves or reduced growth rates that limit somatic dilution of Hg 

(Keva et al., 2015).  These processes may be particularly relevant in Arctic environments, where short 

growing seasons and limited food availability can exacerbate energetic constraints and affect contaminant 

dynamics. Additionally, seasonal variability in condition can influence Hg dynamics, and sampling fish at 

different times of the year (e.g., winter vs. summer) could yield different correlations between fish condition 

and [Hg]. Flooding may further compound these seasonal stressors by altering food web structure, reducing 
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prey availability, or increasing competition, all of which could influence condition and thereby affect [Hg]. 

Despite the observed negative correlations, and in addition to the fact that condition explained only a small 

portion of variation in [Hg], no significant differences were detected between post-flood years or between 

flooded and reference lakes. These findings indicate that relative condition was not substantially impacted 

by the flooding event and likely not a major driver of Hg accumulation in Slimy Sculpin and Ninespine 

Stickleback. However, future studies examining seasonal variability, metabolic rates, and energy allocation 

in fish from flooded versus reference lakes may provide further insight into the potential role of condition 

in influencing Hg dynamics in Arctic freshwater fish.  

It is well established that faster growing fish (measured as length-at-age in this study) often have 

lower [Hg] due to somatic growth dilution (e.g., Trudel & Rasmussen, 2006). However, in this study, length-

at-age data explained only a small portion of the variation in [Hg] for Slimy Sculpin (12%). Interestingly, 

an increase in length-at-age was observed in both flooded and reference lakes during the post-flood years, 

suggesting that fish grew larger relative to their age, which should result in lower [Hg]. The fact that length-

at-age was higher in both flooded and reference lakes in post-flood years suggests that larger-scale (i.e., 

regional) climate factors could have been influencing primary productivity, food availability, and/or other 

growing conditions within the study systems. For instance, longer ice-free seasons, warmer summer 

temperatures, or shifts in invertebrate prey communities could enhance growth rates in Arctic freshwater 

fish by extending foraging opportunities and increasing metabolic efficiency. These broader environmental 

changes may partially mask or override localized flood-related stressors, complicating the interpretation of 

Hg accumulation trends and emphasizing the need for future studies to account for both regional climate 

drivers and site-specific disturbance events. 

The effects of flooding on [Hg] in fish have primarily been studied in lower-latitude boreal 

environments, which may not fully represent how Arctic aquatic systems, particularly those in Barrenland 

tundra, respond to similar disturbances. While the observed increase in [Hg] and its correlation with δ13C 

in this study align with patterns documented in large-bodied fish from boreal environments, Arctic 

environments are uniquely vulnerable to environmental change, suggesting that flooding-induced impacts 

may be more pronounced over time. The short growing seasons, low primary productivity, and cool 

temperatures in Arctic systems, which together result in relatively slow fish growth rates and also affect 

trophic ecology, likely mean that [Hg] in fishes are affected by flooding in ways that are distinct from more 

southerly systems. Additionally, permafrost underlies much of the tundra landscape. Unlike boreal 

ecosystems, where soils are richer in OM and support a more rapid carbon cycle, Arctic systems store vast 

amounts of carbon and Hg in permafrost and peat-rich soils (Schnurr, 2019). The lower quality of 

allochthonous carbon entering Arctic lakes during flooding, compared to boreal systems, may influence 
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energy transfer through the food web and enhance the bioavailability of Hg. Flooding and permafrost thaw 

may work synergistically to mobilize not only large quantities of carbon but also previously sequestered 

Hg into Arctic aquatic systems. When permafrost thaws, Hg that has been stored for millennia can be 

reintroduced into the environment (Schnurr, 2019), increasing aqueous [Hg] and providing more substrate 

for methylating microbes to produce MeHg. This process is further compounded by shifts in microbial 

communities, changes in oxygen availability, and altered nutrient dynamics associated with permafrost 

degradation that could be mediated by flooding (Ernakovich et al., 2022; Wu et al., 2021). Moreover, Arctic 

vegetation acts as a significant Hg reservoir (Schnurr, 2019). Peat-rich soils, when disturbed by flooding, 

can release substantial amounts of Hg into aquatic environments. While the findings of this study resemble 

patterns observed in boreal systems, the distinct characteristics of Arctic ecosystems, including slower fish 

growth rates, lower nutrient availability, and the presence of permafrost, suggest that the long-term effects 

of flooding on Hg dynamics may be more severe and persistent in Arctic lakes, and these may be 

exacerbated as climate change accelerates permafrost thaw and increases the frequency of extreme weather 

events. Future research should further explore how the interplay between permafrost, OM mobilization, 

and Hg cycling interacts in flooded Arctic environments.  

4.1 Conclusions 

 The results of this study largely support the hypotheses outlined for both objectives. I hypothesized 

that aqueous [Hg] would differ before and after flooding in impacted lakes, as well as between reference 

and impacted lakes after flooding, and my results were consistent with this hypothesis. [THg] and [MeHg] 

in water were significantly higher in the flooded lakes during post-flood years compared to pre-flood years, 

while no such increases were observed in the reference lakes. Additionally, when comparing flooded lakes 

to reference lakes in post-flood years, aqueous [Hg] was significantly elevated in the flooded lakes. These 

results indicate that the flooding event mobilized previously sequestered Hg from terrestrial sources into 

the aquatic system, a well-documented phenomenon in flood-impacted environments (e.g., Bilodeau et al., 

2016; St. Louis et al., 2004). The increased [DOC] observed in the flooded lakes further supports this 

hypothesis, as DOC has been shown to enhance Hg mobility and bioavailability by forming Hg-DOC 

complexes (Johnston et al., 1991). While aqueous [Hg] increased as expected, humic content indicators 

(HIX and SUVA) were not significantly different between flooded and reference lakes in post-flood years, 

suggesting that while OM quantity increased, its quality (in terms of humic vs non-humic fractions) was 

similar. Data for indicators for OM quality were limited, however, and effects of flooding on OM quality 

in tundra lakes warrants further study. 

 I hypothesized that the flooding of terrestrial environments would change fish [Hg], and my results 

were consistent with this hypothesis. In flooded lakes, [Hg] in Slimy Sculpin and Ninespine Stickleback 
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were significantly higher in post-flood years compared to pre-flood years. Furthermore, comparisons 

between flooded and references lakes in post-flood years showed consistently higher [Hg] in the flooded 

lakes, confirming that the flooding event had a measurable impact on Hg bioaccumulation in forage fishes. 

The strong negative correlation between δ13C and [Hg] suggested that altered carbon sources in the flooded 

lakes influenced Hg dynamics; fish in flooded environments appeared to rely more on allochthonous, 

terrestrially derived carbon and have higher [Hg]. While results confirmed that flooding increased [Hg] in 

forage fish and appeared to be related to flooding-induced changes in δ13C, the observed relationship 

between [Hg] and other covariates, such as fish condition and C:N ratio, was weaker than expected. This 

may be due to inter-individual variability, seasonal influences, or the short time frame between the flooding 

event and sample collection, which may have limited detectable changes in physiological metrics. 

Additionally, the lack of data on large-bodied fishes remains a limitation, as these species often occupy 

higher trophic levels, accumulate greater Hg burdens over time, and are relied on as traditional food sources 

by Arctic Indigenous communities. Future research should explore longer-term effects of mine-induced 

flooding on higher trophic levels and assess whether [Hg] in forage fish will continue to increase or stabilize 

over time.  

4.2. Future Directions  

 Future research should focus on assessing the long-term impacts of mine-induced flooding on Hg 

dynamics in Arctic aquatic ecosystems, particularly given the increasing presence of industrial activities in 

the region. While this study provided valuable insight into how flooding influenced Hg accumulation in 

water and forage fish, it remains unclear how these changes will propagate through the broader food web, 

especially in higher trophic-level species, such as Lake Trout, Arctic Char, and Burbot. Given that large-

bodied fishes often exhibit greater Hg bioaccumulation due to their longer lifespans and higher trophic 

positions, continued monitoring of these species is critical for assessing potential risks to both ecosystem 

health and human consumption. Fish are a staple subsistence food source for local Inuit communities, and 

the bioaccumulation of Hg poses significant health concerns. Ongoing research should prioritize studying 

how these changes in fish [Hg] might impact northern food security and how alternative food sources or 

mitigation strategies could protect traditional harvesting practices.  

 Additionally, the findings of this study indicate that increases in fish [Hg] were related to decreases 

in δ13C. This relationship was likely driven by an influx of allochthonous following flooding, but no 

differences in quality of DOC were observed between reference and flooded lakes in post-flood years. 

However, mechanisms underlying the relationship between [Hg] and δ13C are complex and require further 

exploration. Future work should investigate how changes in DOM composition influence Hg methylation 

rates, particularly in relation to microbial communities that drive methylation processes. The potential 
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release of contaminants from permafrost due to industrial activities and climate change is also a growing 

concern. With rising temperatures and thawing of cryospheric soils expected to increase flooding frequency 

in the Arctic, Hg and other contaminants previously sequestered into frozen soils could become more 

bioavailable, exacerbating Hg-related effects in aquatic food webs. Given that Arctic permafrost contains 

vast reservoirs of organic material and Hg, further research should assess interactions between flooding and 

permafrost thaw. 

 Finally, expanding research efforts to include lower trophic levels, such as benthic invertebrates, 

zooplankton, and piscivorous birds or mammals, as well as higher trophic levels, would provide a more 

comprehensive understanding of Hg transfer through the ecosystem. Ultimately, this study serves as an 

important foundation for future research, highlighting the need for continued monitoring and 

interdisciplinary approaches to assess the long-term consequences of both industrial development and 

climate-induced flooding on Arctic aquatic systems. These efforts will be critical for informing 

environmental management strategies and safeguarding the ecological integrity of northern freshwater 

resources.  
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Appendices  

Appendix A: Water Chemistry Sample Preparation 

Water chemistry analyses were conducted using standardized laboratory protocols to ensure 

consistency and comparability across parameters. Total and dissolved metal concentrations were 

determined using inductively coupled plasma mass spectrometry (ICP-MS) or inductively coupled plasma 

optical emission spectrometry (ICP-OES), following United States (U.S) Environmental Protection Agency 

(EPA) Method 200.8 (USEPA, 1994). Dissolved metal samples were filtered to 0.45 µm prior to 

acidification, whereas total metal samples underwent acid digestion prior to analysis. Analytical results 

were calibrated using certified reference materials and subjected to quality assurance/quality control 

(QA/QC) procedures, including procedural blanks, duplicates, and matrix spikes. 

Nutrient analyses included nitrate, nitrite, ammonia, orthophosphate, and total Kjeldahl nitrogen 

(TKN), which were quantified using colorimetric or ion chromatography methods (APHA 2017). TKN 

samples underwent acid digestion prior to analysis. Anion and cation concentrations (e.g., chloride, sulfate, 

sodium, calcium, magnesium) were determined using ion chromatography following U.S. EPA Method 

300.0 (2007), with calibration against multi-point standard curves and quality control using laboratory 

control samples and field replicates. 

Chlorophyll-a was quantified from filtered samples using fluorometric or spectrophotometric 

analysis after pigment extraction in acetone, as described in APHA (2017). Samples were filtered through 

GF/F glass fiber filters and stored frozen or in the dark until processing. 

Dissolved organic carbon (DOC) was analyzed via high-temperature catalytic combustion or wet 

chemical oxidation using a total organic carbon analyzer. Specific ultraviolet absorbance (SUVA) was 

calculated by dividing the ultraviolet absorbance at 254 nm (UV254) by the DOC concentration, yielding 

SUVA254 in units of L·mg⁻¹·m⁻¹ (Weishaar et al., 2003). The humification index (HIX), an indicator of 

dissolved organic matter aromaticity and humic content, was calculated from fluorescence excitation-

emission matrix (EEM) spectroscopy using emission intensities over specific wavelength ranges (Zsolnay 

et al., 1999). 

Methylmercury (MeHg) concentrations were quantified using U.S. EPA Method 1630 (2001), 

which involves distillation, aqueous ethylation, purge and trap, and cold vapor atomic fluorescence 

spectrometry (CVAFS). Samples were analyzed under clean laboratory conditions with rigorous 

contamination control procedures, including method blanks, matrix spikes, and use of ultra-clean reagents 

and containers. 
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Appendix A: Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

63 

 

 

Figure A3.1: Total aqueous mercury (Hg) concentrations (ng/L) in filtered water chemistry samples 

collected at flooded lakes during pre-flood (2018) and post-flood (2020 and 20212) years. Box plots 

indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, therefore it was 

not used in these analyses.   
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Figure A3.2: Total aqueous mercury (Hg) concentrations (ng/L) in unfiltered water chemistry samples 

collected at flooded lakes (a) and reference lakes (b) during pre-flood (2018) and post-flood (2020 and 

20212) years. Box plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 

1.5x the interquartile range. Individual mean values are plotted.  Mercury data from 2019 was 

contaminated, therefore it was not used in these analyses.   

 

Figure A3.3: Total aqueous methyl-mercury (MeHg) concentrations (ng/L) in unfiltered water chemistry 

samples collected at flooded lakes (a) and reference lakes (b) during pre-flood (2018) and post-flood (2020 

and 2021) years. Box plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values 

with 1.5x the interquartile range. Individual mean values are plotted.  Mercury data from 2019 was 

contaminated, therefore it was not used in these analyses.   
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Figure A3.4: Total aqueous methyl-mercury (MeHg) concentrations (ng/L) in filtered water chemistry 

samples collected at flooded lakes during pre-flood (2018) and post-flood (2020 and 2021) years. Box plots 

indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, therefore it was not 

used in these analyses.   
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Figure A3.5: Total aqueous methyl-mercury (MeHg) percent (%) concentrations (ng/L) in unfiltered water 

chemistry samples collected at flooded lakes (a) and reference lakes (b) during pre-flood (2018) and post-

flood (2020 and 2021) years. Box plots indicate the mean, 25th, and 75th percentiles, minimum and maximum 

values with 1.5x the interquartile range. Individual mean values are plotted.  Mercury data from 2019 was 

contaminated, therefore it was not used in these analyses.   
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Figure A3.6: Total aqueous methyl-mercury (MeHg) percent (%) concentrations (ng/L) in filtered water 

chemistry samples collected at flooded lakes during pre-flood (2018) and post-flood (2020 and 2021) years. 

Box plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the 

interquartile range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, 

therefore it was not used in these analyses.   
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Figure A3.7: Total aqueous mercury (Hg) concentrations (ng/L) in filtered water chemistry samples 

collected at reference lakes during pre-flood (2018) and post-flood (2020 and 2021) years. Box plots 

indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, therefore it was 

not used in these analyses.   
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Figure A3.8: Total aqueous methyl-mercury (MeHg) concentrations (ng/L) in filtered water chemistry 

samples collected at reference lakes during pre-flood (2018) and post-flood (2020 and 2021) years. Box 

plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, therefore it was 

not used in these analyses.   
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Figure A3.9: Total aqueous methyl-mercury (MeHg) percent (%) concentrations (ng/L) in filtered water 

chemistry samples collected at reference lakes during pre-flood (2018) and post-flood (2020 and 2021) 

years. Box plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the 

interquartile range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, 

therefore it was not used in these analyses.   
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Figure A3.10: Total aqueous mercury (Hg) concentrations (ng/L) in unfiltered water chemistry samples 

collected at reference and impacted (flooded) lakes during post-flood (2020 and 2021) years. Box plots 

indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, therefore it was not 

used in these analyses.   

  



 
 

72 

 

 

 

Figure A3.11: Total aqueous methyl-mercury (MeHg) concentrations (ng/L) in unfiltered water chemistry 

samples collected at reference and flooded (impacted) lakes during post-flood (2020 and 2021) years. Box 

plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, therefore it was not 

used in these analyses.   
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Figure A3.12: Total aqueous methyl-mercury (MeHg) percent (%) concentrations (ng/L) in unfiltered water 

chemistry samples collected at reference and flooded (impacted) lakes during post-flood (2020 and 2021) 

years. Box plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the 

interquartile range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, 

therefore it was not used in these analyses.   



 
 

74 

 

 

 

Figure A3.13: Total aqueous mercury (Hg) concentrations (ng/L) in filtered water chemistry samples 

collected at reference and impacted (flooded) lakes during post-flood (2020 and 2021) years. Box plots 

indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, therefore it was 

not used in these analyses.   

  



 
 

75 

 

 

 

Figure A3.14: Total aqueous methyl-mercury (MeHg) concentrations (ng/L) in filtered water chemistry 

samples collected at reference and flooded (impacted) lakes during post-flood (2020 and 2021) years. Box 

plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, therefore it was 

not used in these analyses.   
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Figure A3.15: Total aqueous methyl-mercury (MeHg) percent (%) concentrations (ng/L) in filtered water 

chemistry samples collected at reference and flooded (impacted) lakes during post-flood (2020 and 2021) 

years. Box plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the 

interquartile range. Individual mean values are plotted.  Mercury data from 2019 was contaminated, 

therefore it was not used in these analyses.   
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Figure A3.16: Log 10 dry mercury (Hg) compared to fork length for Slimy Sculpin at reference lakes from 

2018 to 2021. All individual data points are plotted. (Note: one Slimy Sculpin outlier with very low Hg 

concentration was removed from Lake B03, 2021).  
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Figure A3.17: C:N ratio for Slimy Sculpin between 2018 to 2021 at flooded lakes. Boxplots indicate the 

median, 25th and 75th percentiles, and minimum and maximum values within 1.5x the interquartile range.  

All individual data points are plotted.  
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Figure A3.18: δ15N for Slimy Sculpin between 2018 and 2021 at flooded lakes. Boxplots indicate the 

median, 25th and 75th percentiles, and minimum and maximum values within 1.5x the interquartile range. 

All individual data points are plotted. 
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Figure A3.19: C:N ratio for Ninespine Stickleback between 2018 and 2021 at flooded lakes. Boxplots 

indicate the median, 25th and 75th percentiles, and minimum and maximum values within 1.5x the 

interquartile range. All individual data points are plotted. 
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Figure A3.20: C:N ratio for Ninespine Stickleback at flooded and reference lakes in 2020. Boxplots 

indicate the median, 25th and 75th percentiles, and minimum and maximum values within 1.5x the 

interquartile range. All individual data points are plotted. 
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Figure A3.21: Relative condition for Ninespine Stickleback at flooded and reference lakes in 2021. 

Boxplots indicate the median, 25th and 75th percentiles, and minimum and maximum values within 1.5x 

the interquartile range. All individual data points are plotted. 
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Figure A3.22: Total dissolved organic carbon (DOC) concentrations (mg/L) in water chemistry samples 

collected at flooded lakes (a) and reference lakes (b) during pre-flood (2018) and post-flood (2020 and 

20212) years. Box plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 

1.5x the interquartile range. Individual mean values are plotted.   

  

Figure A3.23: Dissolved organic carbon (DOC) concentrations (mg/L) in water chemistry samples 

collected at reference and impacted (flooded) lakes during post-flood (2019, 2020, and 2021) years. Box 

plots indicate the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile 

range. Individual mean values are plotted. 
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Figure A3.24: Humification Index (HIX) 1999 (a) and 2002 (b) in water chemistry samples collected at 

reference and impacted (flooded) lakes during post-flood (2019, 2020, and 2021) years. Box plots indicate 

the mean, 25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile range. 

Individual mean values are plotted.   
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Figure A3.25: Specific Ultraviolet Absorbance (SUVA) in water chemistry samples collected at reference 

and impacted (flooded) lakes during post-flood (2019, 2020, and 2021) years. Box plots indicate the mean, 

25th, and 75th percentiles, minimum and maximum values with 1.5x the interquartile range. Individual mean 

values are plotted.   
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Appendix A: Tables 

 

 



Slimy Sculpin 
(Cottus cognatus )

Ninespine 
Stickleback
(Pungitius 
pungitius )

Arctic Char
(Salvelinus 

alpinus )

Lake Trout
(Salvelinus 
namaycush )

Round Whitefish
(Prosopium 

cylindraceum )

Burbot
(Lota lota )

Whale Tail Lake Y Y Y Y Y Y
Lake A65 Y Y N Y Y N
Lake A63 Y Y Y Y Y N
Lake A20 Y Y Y Y Y N

Lake 8 Y Y Y Y N N
Lake A44 Y Y N Y N N
Lake B03 Y Y Y Y N Y

Reference 

Table A2.1:  The Presence and Absence of Fish Species in each Study Lake between 2018 and 2021. "Y" and green shading indicate the 
fish species was present. "N" and red indicate the fish species was no present. Data was obtained from C.Portt 2018 and 2019 and 
Agnico Eagle Mines Ltd in 2023.

Type Waterbody

Fish Species 

Flooded
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# Captured CPUE
WTL-EF01-2018 26-Jul-2018 26-Jul-2018 09:36 09:50 0.23 1 1596 30 1.13
WTL-EF02-2018 26-Jul-2018 26-Jul-2018 10:26 10:45 0.32 1 567 9 0.952
WTL-EF03-2018 26-Jul-2018 26-Jul-2018 10:51 11:03 0.20 1 399.8 9 1.35
WTL-EF04-2018 26-Jul-2018 26-Jul-2018 11:14 11:53 0.65 1 1102 9 0.490
WTL-EF05-2018 27-Jul-2018 27-Jul-2018 14:54 15:34 0.67 1 940 7 0.447
WTL-EF08-2018 28-Jul-2018 28-Jul-2018 08:32 09:29 0.95 1 1994.2 33 0.993
WTL-EF09-2018 28-Jul-2018 28-Jul-2018 09:51 10:38 0.78 1 1244.9 23 1.11
WTL-EF10-2018 30-Jul-2018 30-Jul-2018 13:53 14:35 0.70 1 1124 31 1.65
WTL-EF01-2019 20-Aug-2019 20-Aug-2019 13:05 13:51 0.77 1 1156 11 0.571
WTL-EF02-2019 20-Aug-2019 20-Aug-2019 14:09 14:52 0.72 2 1386 18 0.779
WTL-EF03-2019 24-Aug-2019 24-Aug-2019 08:05 08:10 0.08 1 153 3 1.18
WTL-EF01-2020 26-Aug-20 26-Aug-2020 13:22 13:56 0.57 1 929 5 0.323
WTL-EF02-2020 26-Aug-20 26-Aug-2020 13:56 14:45 0.82 2 1599 28 1.05

2021  -  -  -  -  -  -  - 3393 32 0.566
A63-EF01-2018 30-Jul-2018 30-Jul-2018 07:45 08:14 0.48 1 700 16 1.37
A63-EF02-2018 30-Jul-2018 30-Jul-2018 08:20 08:50 0.50 1 733 29 2.37
A63-EF03-2018 30-Jul-2018 30-Jul-2018 09:07 09:18 0.18 1 104 1 0.577
A63-EF04-2018 30-Jul-2018 30-Jul-2018 09:25 09:30 0.08 1 158 7 2.66
A63-EF05-2018 30-Jul-2018 30-Jul-2018 09:42 10:12 0.50 1 969 31 1.92
A63-EF01-2019 21-Aug-2019 21-Aug-2019 10:45 11:25 0.67 1 1109 1 0.0541
A63-EF02-2019 21-Aug-2019 21-Aug-2019 09:10 10:21 1.18 1 1933 6 0.186

2021  -  -  -  -  -  -  - 2488 29 0.699
A65-EF01-2018 31-Jul-2018 31-Jul-2018 07:40 08:50 1.17 1 1658 29 1.05
A65-EF02-2018 31-Jul-2018 31-Jul-2018 09:07 09:41 0.57 1 - 23  -
A65-EF03-2018 31-Jul-2018 31-Jul-2018 09:47 10:35 0.80 1 - 31  -
A65-EF01-2019 19-Aug-2019 19-Aug-2019 13:00 14:10 1.17 1 2238 2 0.0536
A65-EF02-2019 19-Aug-2019 19-Aug-2019 14:13 15:21 1.13 2 - 1  -

2020 A65-EF01-2020 27-Aug-20 27-Aug-2020 10:31 11:39 1.13 1 2024 35 1.04
2021  -  -  -  -  -  -  - 3210 12 0.224

Table A2.2:  Backpack electrofishing catch records for Slimy Sculpin (Cottus cognatus) collected from 2018 to 2021 at flooded lakes (WTL, A63, A65, A20) 
and reference lakes (LK8, A44, B03).  CPUE = catch per unit effort. "-" indicates no available data.

WTL

A65

A63

2019

2018

2019

2018

2018

2020

2019

Time 
(Hours) Pass # Effort 

(Seconds)

Slimy Sculpin
 (SLSC)Waterbody Station ID Start Date End Date Start Time End TimeYear
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# Captured CPUE

Table A2.2:  Backpack electrofishing catch records for Slimy Sculpin (Cottus cognatus) collected from 2018 to 2021 at flooded lakes (WTL, A63, A65, A20) 
and reference lakes (LK8, A44, B03).  CPUE = catch per unit effort. "-" indicates no available data.

Time 
(Hours) Pass # Effort 

(Seconds)

Slimy Sculpin
 (SLSC)Waterbody Station ID Start Date End Date Start Time End TimeYear

A20-EF01-2018 31-Jul-2018 31-Jul-2018 13:45 14:16 0.52 1 966 8 0.497
A20-EF02-2018 31-Jul-2018 31-Jul-2018 14:34 15:02 0.47 1 798 8 0.602
A20-EF03-2018 31-Jul-2018 31-Jul-2018 15:50 16:25 0.58 1 934 17 1.09
A20-EF04-2018 31-Jul-2018 31-Jul-2018 16:48 17:00 0.20 1 - 1  -
A20-EF05-2018 31-Jul-2018 31-Jul-2018 17:28 17:43 0.25 1 790 3 0.228
A20-EF06-2018 31-Jul-2018 31-Jul-2018 17:52 18:15 0.38 1 694 3 0.259
A20-EF07-2018 01-Aug-2018 1-Aug-2018 08:02 08:30 0.47 1 617 3 0.292
A20-EF08-2018 01-Aug-2018 1-Aug-2018 09:02 09:18 0.27 1 402 6 0.896
A20-EF09-2018 01-Aug-2018 1-Aug-2018 09:27 09:53 0.43 1 722 12 0.997
A20-EF09-2018 01-Aug-2018 1-Aug-2018 10:43 10.72 2 543 3 0.331
A20-EF11-2018 01-Aug-2018 1-Aug-2018 13:34 14:08 0.57 1 1025 10 0.585
A20-EF10-2018 01-Aug-2018 1-Aug-2018 11:44 11:58 0.23 1 553 1 0.108
A20-EF01-2020 27-Aug-20 27-Aug-2020 13:29 14:19 0.83 1 1493 8 0.322
A20-EF02-2020 27-Aug-20 27-Aug-2020 14:28 15:05 0.62 2 1168 29 1.49

2021  -  -  -  -  -  -  - 5985 6 0.0602
LK8-EF01-2018 02-Aug-2018 2-Aug-2018 10:40 11:30 0.83 1 1408 15 0.639
LK8-EF02-2018 02-Aug-2018 2-Aug-2018 13:13 14:42 1.48 1 2738 37 0.811
LK8-EF03-2018 02-Aug-2018 2-Aug-2018 14:55 15:30 0.58 1 1040 31 1.79
LK8-EF04-2018 02-Aug-2018 2-Aug-2018 15:43 16:07 0.40 1 683 17 1.49
LK8-EF01-2020 23-Aug-20 23-Aug-2020 13:47 15:13 1.43 1 2338 53 1.36
LK8-EF02-2020 23-Aug-20 23-Aug-2020 15:19 15:30 0.18 2 329 2 0.365
LK8-EF03-2020 24-Aug-20 24-Aug-2020 08:04 08:15 0.18 3 425 2 0.282
LK8-EF04-2020 24-Aug-20 24-Aug-2020 08:23 09:37 1.23 4 2646 45 1.02

2021  -  -  -  -  -  -  - 5058 10 0.119
2019 A44-EF01-2019 18-Aug-2019 18-Aug-2019 09:15 10:30 1.25 1 2158 34 0.945

A44-EF01-2020 29-Aug-20 29-Aug-2020 08:47 10:23 1.60 1 2488 30 0.724
A44-EF02-2020 29-Aug-20 29-Aug-2020 10:33 10:42 0.15 2 233 4 1.03

2021  -  -  -  -  -  -  - 4448 8 0.108
2020 B03-EF01-2020 29-Aug-20 29-Aug-2020 14:50 15:22 0.53 1 826 34 2.47
2021  -  -  -  -  -  -  - 4315 30 0.417

B03

A44

LK8

A20

2020

2018

2020

2018

2020
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# Captured CPUE
WTL-EF01-2018 26-Jul-2018 26-Jul-2018 09:36 09:50 0.23 1596 1 0.0376
WTL-EF02-2018 26-Jul-2018 26-Jul-2018 10:26 10:45 0.32 567 4 0.423
WTL-EF04-2018 26-Jul-2018 26-Jul-2018 11:14 11:53 0.65 1102 9 0.490
WTL-EF06-2018 27-Jul-2018 27-Jul-2018 16:10 18:05 1.92 3517.9 38 0.648
WTL-EF07-2018 27-Jul-2018 27-Jul-2018 18:12 18:32 0.33 523.9 1 0.115
WTL-EF08-2018 28-Jul-2018 28-Jul-2018 08:32 09:29 0.95 1994.2 1 0.0301
WTL-EF01-2019 20-Aug-2019 20-Aug-2019 13:05 13:51 0.77 1156 26 1.35
WTL-EF02-2019 20-Aug-2019 20-Aug-2019 14:09 14:52 0.72 1386 30 1.30
WTL-EF01-2020 26-Aug-20 26-Aug-2020 13:22 13:56 0.57 929 33 2.13
WTL-EF02-2020 26-Aug-20 26-Aug-2020 13:56 14:45 0.82 1599 96 3.60

2021  -  -  -  -  -  - 3393 15 0.265
A63-EF01-2018 30-Jul-2018 30-Jul-2018 07:45 08:14 0.48 700 1 0.0857
A63-EF02-2018 30-Jul-2018 30-Jul-2018 08:20 08:50 0.50 733 1 0.0819
A63-EF01-2019 21-Aug-2019 21-Aug-2019 10:45 11:25 0.67 1109 12 0.649
A63-EF02-2019 21-Aug-2019 21-Aug-2019 09:10 10:21 1.18 1933 24 0.745
A63-EF01-2020 26-Aug-20 26-Aug-2020 11:49 12:20 0.52 665 41 3.70
A63-EF02-2020 26-Aug-20 26-Aug-2020 12:26 12:35 0.15 309 29 5.63

2021  -  -  -  -  -  - 2488 16 0.386
2018 A20-EF02-2018 31-Jul-2018 31-Jul-2018 14:34 15:02 0.47 798 3 0.226
2019 A20-EF01-2019 21-Aug-2019 21-Aug-2019 12:31 14:44 2.22 2307 35 0.910

A20-EF01-2020 27-Aug-20 27-Aug-2020 13:29 14:19 0.83 1493 45 1.81
A20-EF02-2020 27-Aug-20 27-Aug-2020 14:28 15:05 0.62 1168 62 3.18

2021  -  -  -  -  -  - 5985 19 0.190
A65-EF01-2019 19-Aug-2019 19-Aug-2019 13:00 14:10 1.17 2238 12 0.322
A65-EF02-2019 19-Aug-2019 19-Aug-2019 14:13 15:21 1.13 - 37  -

2020 A65-EF01-2020 27-Aug-20 27-Aug-2020 10:31 11:39 1.13 2024 35 1.04
2021  -  -  -  -  -  - 3210 3 0.0561

Start Date End Date Start TimeYear

A65

A20

2018

2019

2020

2020

2019

Table A2.3:  Backpack electrofishing catch records for Ninespine Stickleback (Pungitius pungitius) collected from 2018 to 2021 at flooded lakes 
(WTL, A63, A65, A20) and reference lakes (LK8, A44, B03).  CPUE = catch per unit effort. "-" indicates no available data.

A63

WTL

2018

2019

2020

Time 
(Hours)

Effort 
(Seconds)

Ninespine 
Stickleback

 (NNST)End TimeWaterbody Station ID
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# Captured CPUE

Start Date End Date Start TimeYear

Table A2.3:  Backpack electrofishing catch records for Ninespine Stickleback (Pungitius pungitius) collected from 2018 to 2021 at flooded lakes 
(WTL, A63, A65, A20) and reference lakes (LK8, A44, B03).  CPUE = catch per unit effort. "-" indicates no available data.

Time 
(Hours)

Effort 
(Seconds)

Ninespine 
Stickleback

 (NNST)End TimeWaterbody Station ID

2019 A44-EF01-2019 18-Aug-2019 18-Aug-2019 09:15 10:30 1.25 2158 2 0.0556
A44-EF01-2020 29-Aug-20 29-Aug-2020 08:47 10:23 1.60 2488 3 0.0724
A44-EF02-2020 29-Aug-20 29-Aug-2020 10:33 10:42 0.15 233 5 1.29

2021  -  -  -  -  -  - 4448 4 0.0540
2020 B03-EF01-2020 29-Aug-20 29-Aug-2020 14:50 15:22 0.53 826 1 0.0727
2021  -  -  -  -  -  - 4315 9 0.125

B03

A44 2020
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Sample 
Year

Fish 
Species 
Code

Lake 
Name

Fork 
Length 
(mm)

Wet 
Weight 

(g)

THg 
WW 

(mg/kg)

MDL 
(ng)

MRL 
(ng)

IPR avg 
(%) %C %N δ13C δ15N DUP %C DUP %N DUP

δ13C
DUP 
δ15N

Age 
Estimate

2018 NNST WTL 55.0 1.20 0.097 0.0689 0.207 97.0 33.9 8.91 -25.8 9.67 NA NA NA NA 0
2018 NNST WTL 38.0 0.400 0.0470 0.0727 0.218 103 44.3 11.2 -24.4 8.59 NA NA NA NA 0
2018 NNST WTL 42.0 0.600 0.0408 0.0689 0.207 98.0 49.2 10.7 -24.0 8.94 NA NA NA NA 0
2018 NNST WTL 38.0 0.400 0.0499 0.0727 0.218 103 46.9 10.8 -26.8 8.48 NA NA NA NA 0
2018 NNST WTL 56.0 1.40 0.0518 0.0689 0.207 97.0 41.2 8.56 -26.9 9.95 NA NA NA NA 0
2018 NNST WTL 44.0 0.500 0.0390 0.0689 0.207 98.0 47.9 11.5 -25.8 9.25 NA NA NA NA 0
2018 NNST WTL 45.0 0.600 0.0679 0.0727 0.218 103 37.7 10.1 -25.6 8.75 NA NA NA NA 0
2018 NNST WTL 34.0 0.300 0.0508 0.0727 0.218 103 41.9 10.6 -24.4 9.32 NA NA NA NA 0
2018 NNST WTL 48.0 0.700 0.0412 0.0727 0.218 103 49.3 11.9 -24.7 8.69 NA NA NA NA 0
2018 NNST WTL 40.0 0.600 0.0408 0.0689 0.207 98.0 49.4 11.7 -26.3 9.45 NA NA NA NA 0
2018 NNST WTL 42.0 0.500 0.0424 0.0689 0.207 98.0 46.2 11.5 -24.5 8.53 NA NA NA NA 0
2018 NNST WTL 41.0 0.600 0.0578 0.0727 0.218 103 45.2 10.4 -25.7 8.98 NA NA NA NA 0
2018 NNST WTL 46.0 0.600 0.0368 0.0727 0.218 103 47.8 10.5 -24.1 8.33 NA NA NA NA 0
2018 NNST WTL 41.0 0.400 0.0437 0.0689 0.207 98.0 51.5 11.5 -24.8 8.40 NA NA NA NA 0
2018 NNST WTL 44.0 0.500 0.0471 0.0689 0.207 98.0 44.9 10.3 -25.0 9.01 NA NA NA NA 0
2018 NNST WTL 45.0 0.500 0.0480 0.0689 0.207 98.0 52.6 11.6 -27.2 6.98 NA NA NA NA 0
2018 NNST WTL 69.0 2.60 0.0565 0.0689 0.207 97.0 38.8 8.93 -24.4 9.01 NA NA NA NA 0
2018 NNST WTL 47.0 0.800 0.0377 0.0689 0.207 98.0 48.8 10.3 -24.6 8.90 NA NA NA NA 0
2018 NNST WTL 49.0 1.10 NA NA NA NA NA NA NA NA NA NA NA NA NA
2018 NNST WTL 43.0 0.500 0.0341 0.0727 0.218 103 49.3 11.1 -23.8 8.74 NA NA NA NA 0
2018 NNST WTL 48.0 0.700 0.0338 0.0689 0.207 98.0 49.0 9.79 -24.4 8.83 NA NA NA NA 0
2018 NNST WTL 47.0 0.800 0.0327 0.0689 0.207 98.0 41.9 8.39 -24.8 9.06 53.3 10.9 -24.7 9.19 0
2018 NNST WTL 47.0 0.700 0.0333 0.0689 0.207 98.0 45.4 9.13 -23.9 9.07 NA NA NA NA 0
2018 NNST WTL 52.0 1.00 0.0367 0.0689 0.207 97.0 46.0 9.18 -25.4 9.04 NA NA NA NA 0
2018 NNST WTL 55.0 1.00 0.0743 0.0689 0.207 98.0 55.4 9.20 -30.7 7.43 NA NA NA NA 0
2018 SLSC WTL 30.0 0.100 0.0302 0.0689 0.207 98.0 43.7 10.0 -22.1 7.36 NA NA NA NA 0
2018 NNST MMT 54.0 1.00 0.0241 0.0689 0.207 97.0 44.1 8.46 -26.3 8.48 NA NA NA NA 0
2018 NNST MMT 49.0 0.700 0.0255 0.0727 0.218 103 56.7 12.6 -26.5 8.83 NA NA NA NA 0
2018 NNST MMT 55.0 0.900 0.0313 0.0689 0.207 97.0 40.8 8.47 -25.9 8.70 NA NA NA NA 0
2018 SLSC MMT 62.0 2.60 0.0533 0.0689 0.207 97.0 33.4 7.90 -21.9 7.48 NA NA NA NA 3
2018 SLSC MMT 36.0 0.400 0.0269 0.0727 0.218 103 53.9 11.5 -23.7 6.65 55.4 12.2 -23.6 7.09 0
2018 SLSC MMT 30.0 0.200 0.0323 0.0727 0.218 103 47.0 10.5 -23.7 7.71 NA NA NA NA 0

Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.
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Sample 
Year

Fish 
Species 
Code

Lake 
Name

Fork 
Length 
(mm)

Wet 
Weight 

(g)

THg 
WW 

(mg/kg)

MDL 
(ng)

MRL 
(ng)

IPR avg 
(%) %C %N δ13C δ15N DUP %C DUP %N DUP 

δ13C
DUP 
δ15N

Age 
Estimate

Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2018 NNST MMT 55.0 1.40 0.0434 0.0689 0.207 97.0 34.8 6.52 -24.1 8.14 NA NA NA NA 0
2018 SLSC MMT 45.0 0.900 0.0305 0.0689 0.207 97.0 37.5 8.01 -22.7 7.43 51.7 10.9 -22.8 7.44 1
2018 SLSC MMT 47.0 0.900 0.0286 0.0689 0.207 98.0 52.2 9.29 -21.4 6.99 NA NA NA NA 2
2018 SLSC MMT 33.0 0.300 0.0263 0.0727 0.218 103 54.2 10.1 -23.4 6.28 NA NA NA NA 0
2018 SLSC MMT 48.0 1.00 0.0274 0.0689 0.207 98.0 46.5 9.39 -22.2 6.91 NA NA NA NA 1
2018 SLSC MMT 46.0 0.900 0.0280 0.0689 0.207 98.0 57.1 10.9 -21.7 6.84 NA NA NA NA 1
2018 SLSC MMT 47.0 1.00 0.0467 0.0689 0.207 98.0 46.1 9.66 -22.3 7.55 NA NA NA NA 2
2018 SLSC MMT 29.0 0.300 0.0376 0.0727 0.218 103 52.0 11.1 -23.6 6.51 NA NA NA NA 0
2018 SLSC MMT 52.0 1.40 0.0313 0.0689 0.207 97.0 32.4 5.29 -23.4 6.66 NA NA NA NA 1
2018 SLSC MMT 44.0 0.700 0.0358 0.0689 0.207 98.0 40.4 7.99 -22.0 7.31 NA NA NA NA 0
2018 SLSC MMT 39.0 0.500 0.0652 0.0689 0.207 98.0 49.7 9.43 -22.8 6.86 NA NA NA NA 0
2018 SLSC MMT 38.0 0.500 0.0274 0.0689 0.207 98.0 48.5 10.1 -23.2 7.17 50.4 10.5 -23.1 7.14 1
2018 SLSC MMT 35.0 0.400 0.0262 0.0689 0.207 98.0 49.1 9.86 -22.7 7.04 NA NA NA NA 0
2018 SLSC MMT 32.0 0.300 0.0323 0.0727 0.218 103 45.7 9.76 -23.6 7.19 NA NA NA NA 0
2018 SLSC MMT 39.0 0.500 0.0262 0.0689 0.207 97.0 35.8 6.83 -23.8 7.06 NA NA NA NA 0
2018 SLSC MMT 36.0 0.400 0.0263 0.0689 0.207 98.0 54.1 10.7 -23.3 7.16 NA NA NA NA 0
2018 SLSC MMT 30.0 0.200 0.0273 0.0689 0.207 98.0 47.2 9.60 -21.4 6.59 NA NA NA NA 0
2018 SLSC MMT 31.0 0.200 0.0345 0.0689 0.207 98.0 48.4 9.50 -22.4 6.53 NA NA NA NA 0
2018 NNST A63 58.0 1.30 0.0784 0.0689 0.207 99.0 45.0 11.9 -21.8 7.87 NA NA NA NA 0
2018 NNST A63 45.0 0.600 0.133 0.0689 0.207 99.0 43.1 11.7 -24.1 9.00 NA NA NA NA 0
2018 SLSC A63 47.0 0.900 0.0482 0.0689 0.207 99.0 47.0 9.84 -22.4 7.00 NA NA NA NA 2
2018 SLSC A63 60.0 1.30 0.0853 0.0689 0.207 99.0 42.4 12.3 -20.1 7.09 NA NA NA NA 1
2018 SLSC A63 54.0 1.30 0.0337 0.0689 0.207 99.0 51.5 11.1 -22.7 6.66 NA NA NA NA 1
2018 SLSC A63 34.0 0.300 0.0307 0.0689 0.207 99.0 50.7 10.2 -24.4 8.13 NA NA NA NA 0
2018 SLSC A63 57.0 1.20 0.110 0.0689 0.207 99.0 36.2 10.4 -19.7 7.33 NA NA NA NA 3
2018 SLSC A63 49.0 1.00 0.0326 0.0689 0.207 99.0 46.3 9.11 -21.4 6.32 NA NA NA NA 1
2018 SLSC A63 51.0 1.00 0.0394 0.0689 0.207 99.0 54.2 11.0 -22.1 6.83 NA NA NA NA 1
2018 SLSC A63 43.0 0.600 0.0497 0.0689 0.207 99.0 46.2 9.20 -22.8 6.21 50.5 10.7 -22.6 6.70 1
2018 SLSC A63 60.0 1.90 0.0500 0.0689 0.207 99.0 53.0 11.1 -22.2 7.22 NA NA NA NA 3
2018 SLSC A63 30.0 0.200 0.0383 0.0689 0.207 99.0 50.1 10.4 -22.6 5.86 NA NA NA NA 0
2018 SLSC A63 50.0 0.500 0.0455 0.0689 0.207 99.0 46.3 9.70 -23.1 6.50 NA NA NA NA 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2018 SLSC A63 65.0 2.60 0.0513 0.0689 0.207 99.0 53.3 12.2 -23.6 7.46 NA NA NA NA 2
2018 SLSC A63 36.0 0.400 0.0263 0.0689 0.207 99.0 49.8 10.5 -22.2 5.87 NA NA NA NA 0
2018 SLSC A63 59.0 2.00 0.0431 0.0689 0.207 99.0 48.8 10.1 -21.8 6.62 NA NA NA NA 1
2018 SLSC A63 46.0 1.10 0.0387 0.0689 0.207 99.0 51.3 10.4 -22.2 6.34 NA NA NA NA 1
2018 SLSC A63 54.0 1.40 0.0473 0.0689 0.207 99.0 47.8 10.2 -21.4 6.16 NA NA NA NA 1
2018 SLSC A63 47.0 1.00 0.0324 0.0689 0.207 99.0 50.0 11.0 -20.7 6.18 NA NA NA NA 1
2018 SLSC A63 45.0 0.900 0.0353 0.0689 0.207 99.0 51.4 10.2 -21.3 6.42 48.9 9.63 -21.4 6.46 2
2018 SLSC A63 31.0 0.300 0.0297 0.0689 0.207 99.0 51.6 10.8 -20.0 5.95 NA NA NA NA 0
2018 SLSC A63 38.0 0.500 0.0298 0.0689 0.207 99.0 48.5 9.16 -22.5 5.74 NA NA NA NA 0
2018 SLSC A63 48.0 0.900 0.0356 0.0689 0.207 99.0 54.0 11.2 -22.2 5.99 NA NA NA NA 1
2018 SLSC A63 55.0 1.60 0.0377 0.0689 0.207 99.0 47.6 9.84 -21.5 6.11 NA NA NA NA 1
2018 SLSC A63 52.0 1.20 0.0343 0.0689 0.207 99.0 52.7 11.2 -21.3 6.04 NA NA NA NA 2
2018 SLSC A63 47.0 0.900 0.0343 0.0689 0.207 99.0 55.2 11.4 -21.0 5.69 NA NA NA NA 2
2018 SLSC A63 37.0 0.500 0.0261 0.0689 0.207 99.0 54.0 11.1 -22.4 5.76 NA NA NA NA 0
2018 SLSC A63 35.0 0.300 0.0340 0.0689 0.207 99.0 52.2 12.5 -21.2 6.40 NA NA NA NA 0
2018 SLSC A63 45.0 0.800 0.0407 0.0689 0.207 99.0 48.2 9.08 -22.0 6.10 NA NA NA NA 0
2018 SLSC A63 37.0 0.500 0.0292 0.0689 0.207 99.0 51.2 10.9 -21.2 5.33 47.8 10.3 -21.2 5.36 1
2018 SLSC A63 48.0 1.00 0.0315 0.0689 0.207 99.0 57.1 11.6 -21.8 6.32 NA NA NA NA 1
2018 SLSC A63 34.0 0.300 0.0291 0.0689 0.207 99.0 44.5 9.81 -20.5 5.69 NA NA NA NA 0
2018 SLSC WTL 59.0 2.10 0.0343 0.0689 0.207 97.0 38.5 7.68 -23.1 7.05 NA NA NA NA 2
2018 SLSC WTL 47.0 0.900 0.0385 0.0689 0.207 98.0 48.7 9.38 -23.6 7.93 NA NA NA NA 1
2018 SLSC WTL 45.0 0.800 0.0325 0.0689 0.207 97.0 45.0 9.33 -23.0 7.43 NA NA NA NA 1
2018 SLSC WTL 37.0 0.400 0.0374 0.0727 0.218 103 46.4 9.26 -25.4 7.52 NA NA NA NA 0
2018 SLSC WTL 30.0 0.300 0.0297 0.0727 0.218 103 41.7 8.76 -23.1 6.47 NA NA NA NA 0
2018 SLSC WTL 44.0 0.700 0.0308 0.0689 0.207 98.0 47.8 10.9 -22.2 7.80 NA NA NA NA 1
2018 SLSC WTL 43.0 0.800 0.0314 0.0689 0.207 98.0 42.9 9.83 -21.5 7.39 NA NA NA NA 1
2018 SLSC WTL 42.0 0.600 0.0308 0.0689 0.207 97.0 37.1 8.28 -22.1 7.55 NA NA NA NA 1
2018 SLSC WTL 72.0 2.30 0.102 0.0689 0.207 97.0 41.8 12.2 -24.0 7.93 NA NA NA NA 3
2018 SLSC WTL 43.0 0.600 0.0295 0.0689 0.207 98.0 50.2 11.0 -21.2 7.10 NA NA NA NA 0
2018 SLSC WTL 35.0 0.300 0.0358 0.0727 0.218 103 50.1 10.4 -23.5 7.39 NA NA NA NA 0
2018 SLSC WTL 39.0 0.200 0.0311 0.0689 0.207 98.0 45.9 11.1 -22.6 7.35 NA NA NA NA NA
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2018 SLSC WTL 53.0 1.40 0.0429 0.0689 0.207 98.0 55.9 11.2 -23.2 7.62 51.2 10.2 -23.1 7.50 1
2018 SLSC WTL 34.0 0.400 0.0360 0.0727 0.218 103 52.5 10.4 -25.1 7.56 NA NA NA NA 0
2018 SLSC WTL 56.0 2.00 0.0368 0.0689 0.207 97.0 50.0 9.14 -24.1 7.49 NA NA NA NA 1
2018 SLSC WTL 63.0 2.50 0.0385 0.0689 0.207 97.0 44.9 8.61 -25.9 8.47 NA NA NA NA 2
2018 SLSC WTL 51.0 1.40 0.0337 0.0689 0.207 97.0 40.4 7.31 -23.6 7.08 NA NA NA NA 1
2018 SLSC WTL 36.0 0.500 0.0272 0.0689 0.207 98.0 53.4 11.3 -23.5 7.28 NA NA NA NA 1
2018 SLSC WTL 31.0 0.400 0.0283 0.0689 0.207 98.0 45.5 9.19 -23.5 6.91 NA NA NA NA 0
2018 SLSC WTL 32.0 0.300 0.0296 0.0727 0.218 103 46.9 10.1 -21.4 7.24 NA NA NA NA 0
2018 SLSC WTL 32.0 0.300 0.0321 0.0689 0.207 98.0 50.7 11.8 -23.7 7.73 NA NA NA NA 0
2018 SLSC WTL 32.0 0.400 0.0362 0.0689 0.207 98.0 40.2 8.55 -24.5 7.35 NA NA NA NA 0
2018 SLSC WTL 42.0 0.700 0.0336 0.0689 0.207 98.0 50.5 10.7 -23.7 7.73 NA NA NA NA 0
2018 SLSC WTL 29.0 0.200 0.0264 0.0689 0.207 97.0 38.0 8.43 -22.4 7.80 NA NA NA NA 0
2018 SLSC WTL 38.0 0.500 0.0278 0.0689 0.207 98.0 38.9 8.35 -23.2 7.25 NA NA NA NA 0
2018 SLSC WTL 34.0 0.300 0.0263 0.0689 0.207 98.0 42.8 9.54 -23.2 7.23 NA NA NA NA 0
2018 SLSC WTL 37.0 0.400 0.0243 0.0689 0.207 98.0 44.8 10.2 -23.2 7.72 NA NA NA NA 0
2018 SLSC WTL 34.0 0.400 0.0253 0.0689 0.207 98.0 50.1 10.1 -23.9 7.76 NA NA NA NA 0
2018 SLSC WTL 36.0 0.400 0.0268 0.0689 0.207 98.0 50.8 10.4 -23.1 7.22 47.1 8.65 -23.6 7.22 0
2018 SLSC A65 36.0 0.400 0.0397 0.0727 0.218 103 49.7 11.0 -23.4 7.92 47.5 10.2 -23.4 8.03 0
2018 SLSC A65 43.0 0.600 0.0256 0.0689 0.207 99.0 49.8 11.4 -22.4 7.48 NA NA NA NA 1
2018 SLSC A65 44.0 0.700 0.0276 0.0689 0.207 97.0 39.8 8.44 -22.6 7.73 46.7 10.0 -22.6 7.93 0
2018 SLSC A65 39.0 0.600 0.0311 0.0727 0.218 103 54.6 11.2 -23.1 7.14 NA NA NA NA 0
2018 SLSC A65 39.0 0.500 0.0327 0.0689 0.207 99.0 49.8 10.5 -22.5 8.70 NA NA NA NA 0
2018 SLSC A65 38.0 0.400 0.0297 0.0727 0.218 103 57.8 12.0 -23.0 7.60 NA NA NA NA 0
2018 SLSC A65 33.0 0.300 0.0333 0.0727 0.218 103 50.4 11.0 -21.1 6.91 NA NA NA NA 0
2018 SLSC A65 46.0 1.00 0.0418 0.0689 0.207 99.0 48.2 9.86 -22.6 7.73 NA NA NA NA 1
2018 SLSC A65 44.0 0.700 0.0363 0.0689 0.207 99.0 54.8 11.8 -22.4 7.14 NA NA NA NA 1
2018 SLSC A65 57.0 1.70 0.0406 0.0689 0.207 97.0 51.5 9.85 -22.6 8.08 NA NA NA NA 1
2018 SLSC A65 72.0 3.60 0.0609 0.0689 0.207 99.0 45.2 9.44 -22.4 7.76 NA NA NA NA 3
2018 SLSC A65 74.0 3.70 0.0760 0.0689 0.207 97.0 44.2 10.2 -22.5 8.09 NA NA NA NA 3
2018 SLSC A65 45.0 0.900 0.0326 0.0689 0.207 99.0 51.4 9.92 -21.1 7.12 NA NA NA NA 1
2018 SLSC A65 54.0 1.70 0.0346 0.0689 0.207 99.0 49.7 10.1 -23.1 7.68 NA NA NA NA 2
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2018 SLSC A65 54.0 1.50 0.0386 0.0689 0.207 97.0 46.4 9.79 -20.4 7.76 NA NA NA NA 1
2018 SLSC A65 45.0 1.00 0.0347 0.0689 0.207 99.0 47.2 10.4 -21.8 7.19 46.5 9.50 -22.4 7.29 2
2018 SLSC A65 65.0 2.90 0.0368 0.0689 0.207 97.0 49.5 10.1 -24.4 8.50 NA NA NA NA 2
2018 SLSC A65 63.0 2.30 0.0448 0.0689 0.207 99.0 47.4 9.85 -23.0 8.05 NA NA NA NA 2
2018 SLSC A65 39.0 0.500 0.0274 0.0689 0.207 99.0 50.0 10.8 -22.0 7.44 NA NA NA NA 1
2018 SLSC A65 38.0 0.500 0.0384 0.0689 0.207 99.0 46.4 10.7 -20.9 7.08 NA NA NA NA 1
2018 SLSC A65 60.0 2.20 0.0395 0.0689 0.207 99.0 59.1 12.8 -22.4 7.61 NA NA NA NA 3
2018 SLSC A65 54.0 1.40 0.0346 0.0689 0.207 99.0 52.7 10.6 -23.0 7.65 NA NA NA NA 1
2018 SLSC A65 41.0 0.700 0.0304 0.0689 0.207 97.0 46.4 9.53 -23.3 8.31 NA NA NA NA 0
2018 SLSC A65 39.0 0.600 0.0302 0.0689 0.207 99.0 52.3 10.5 -22.8 7.33 NA NA NA NA 0
2018 SLSC A65 50.0 1.40 0.0389 0.0689 0.207 97.0 37.4 7.57 -22.4 7.44 NA NA NA NA 2
2018 SLSC A65 42.0 0.700 0.0282 0.0689 0.207 99.0 47.3 9.93 -22.7 7.49 NA NA NA NA 1
2018 SLSC A65 35.0 0.400 0.0211 0.0689 0.207 99.0 50.6 11.0 -18.8 6.61 NA NA NA NA 1
2018 SLSC A65 38.0 0.500 0.0253 0.0689 0.207 99.0 54.9 10.5 -22.5 7.27 NA NA NA NA 0
2018 SLSC A65 38.0 0.500 0.0237 0.0689 0.207 99.0 54.3 12.2 -22.8 7.25 NA NA NA NA 1
2018 SLSC A65 36.0 0.400 0.0255 0.0689 0.207 99.0 46.8 10.1 -21.9 7.22 NA NA NA NA 1
2018 SLSC A65 37.0 0.500 0.0351 0.0727 0.218 103 52.3 11.3 -23.1 7.79 NA NA NA NA 0
2018 NNST A20 59.0 1.60 0.0484 0.0689 0.207 97.0 29.6 6.43 -24.7 8.59 NA NA NA NA 0
2018 NNST A20 56.0 1.10 0.0662 0.0689 0.207 97.0 40.3 9.53 -22.3 8.32 NA NA NA NA 0
2018 NNST A20 56.0 1.10 0.0537 0.0689 0.207 99.0 54.0 11.4 -24.6 8.73 NA NA NA NA 0
2018 NNST A20 58.0 1.30 0.0736 0.0689 0.207 99.0 45.4 10.8 -24.6 8.52 NA NA NA NA 0
2018 NNST A20 45.0 0.600 0.0314 0.0727 0.218 103 44.3 9.62 -24.6 8.52 NA NA NA NA 0
2018 NNST A20 42.0 0.500 0.0350 0.0727 0.218 103 43.6 10.0 -25.4 8.23 NA NA NA NA 0
2018 SLSC A20 32.0 0.300 0.0415 0.0689 0.207 99.0 45.7 9.20 -21.5 7.32 NA NA NA NA 0
2018 SLSC A20 43.0 0.700 0.0205 0.0689 0.207 97.0 51.5 10.4 -17.9 5.93 NA NA NA NA 1
2018 SLSC A20 44.0 0.700 0.0198 0.0689 0.207 99.0 48.0 9.67 -19.0 5.31 NA NA NA NA 1
2018 SLSC A20 29.0 0.200 0.0406 0.0727 0.218 103 48.6 11.1 -21.0 6.63 NA NA NA NA 0
2018 SLSC A20 52.0 1.30 0.0272 0.0689 0.207 99.0 48.2 10.0 -19.3 5.13 53.9 11.2 -19.4 5.36 1
2018 SLSC A20 57.0 1.70 0.0491 0.0689 0.207 97.0 42.1 8.40 -19.5 7.14 49.6 10.2 -19.5 6.99 1
2018 SLSC A20 49.0 1.20 0.0320 0.0689 0.207 99.0 47.5 9.87 -19.1 5.69 NA NA NA NA 1
2018 SLSC A20 43.0 0.800 0.0201 0.0689 0.207 99.0 56.8 11.5 -17.7 5.10 NA NA NA NA 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2018 SLSC A20 61.0 3.30 0.0491 0.0689 0.207 99.0 47.4 10.5 -19.6 6.20 NA NA NA NA 4
2018 SLSC A20 47.0 1.10 0.0272 0.0689 0.207 97.0 40.5 7.84 -20.6 5.94 NA NA NA NA 1
2018 SLSC A20 45.0 0.700 0.0257 0.0689 0.207 97.0 44.7 10.0 -18.9 6.21 NA NA NA NA 1
2018 SLSC A20 47.0 0.900 0.0297 0.0689 0.207 99.0 49.7 10.5 -19.6 5.69 NA NA NA NA 1
2018 SLSC A20 44.0 0.700 0.0190 0.0689 0.207 99.0 50.3 10.9 -17.5 5.41 NA NA NA NA 1
2018 SLSC A20 28.0 0.200 0.0248 0.0689 0.207 97.0 35.0 8.21 -19.5 6.90 NA NA NA NA 0
2018 SLSC A20 30.0 0.300 0.0407 0.0727 0.218 103 52.2 11.2 -22.1 7.01 NA NA NA NA 0
2018 SLSC A20 57.0 1.90 0.0333 0.0689 0.207 99.0 47.1 10.1 -20.2 5.82 NA NA NA NA 2
2018 SLSC A20 31.0 0.300 0.0275 0.0689 0.207 99.0 45.1 10.5 -19.0 6.69 NA NA NA NA 0
2018 SLSC A20 29.0 0.200 0.0207 0.0689 0.207 99.0 40.8 9.26 -20.8 5.32 NA NA NA NA 0
2018 SLSC A20 32.0 0.300 0.0302 0.0727 0.218 103 43.2 9.25 -21.1 6.86 NA NA NA NA 0
2018 SLSC A20 30.0 0.200 0.0167 0.0689 0.207 99.0 47.4 10.4 -20.5 5.25 NA NA NA NA 0
2018 SLSC A20 34.0 0.300 0.0232 0.0727 0.218 103 49.3 11.1 -18.8 5.89 51.2 11.4 -19.0 6.47 0
2018 SLSC A20 35.0 0.300 0.0237 0.0689 0.207 99.0 50.1 10.4 -20.5 5.71 52.2 11.4 -20.4 5.69 0
2018 SLSC A20 27.0 0.200 0.0316 0.0689 0.207 99.0 44.4 10.1 -21.9 6.56 NA NA NA NA 0
2018 SLSC A20 33.0 0.200 0.0263 0.0727 0.218 103 47.6 11.8 -19.7 6.33 NA NA NA NA 0
2018 SLSC A20 63.0 2.30 0.0414 0.0689 0.207 97.0 45.1 8.63 -19.5 5.74 NA NA NA NA 2
2018 SLSC A20 52.0 1.20 0.0665 0.0689 0.207 99.0 43.2 12.1 -19.5 6.09 NA NA NA NA 2
2018 SLSC Lake 8 60.0 2.00 0.0292 0.0689 0.207 98.0 53.4 12.6 -23.7 7.27 NA NA NA NA 3
2018 SLSC Lake 8 60.0 2.40 0.0341 0.0689 0.207 97.0 39.0 7.76 -22.8 7.13 NA NA NA NA 2
2018 SLSC Lake 8 47.0 0.800 0.0377 0.0689 0.207 97.0 38.2 8.80 -23.0 7.16 NA NA NA NA 1
2018 SLSC Lake 8 34.0 0.300 0.0276 0.0689 0.207 98.0 52.4 12.3 -23.0 7.22 NA NA NA NA 0
2018 SLSC Lake 8 30.0 0.300 0.0234 0.0727 0.218 103 51.0 11.9 -24.0 7.22 NA NA NA NA 0
2018 SLSC Lake 8 29.0 0.300 0.0211 0.0727 0.218 103 43.9 9.88 -22.4 6.56 NA NA NA NA 0
2018 SLSC Lake 8 39.0 0.500 0.0221 0.0689 0.207 98.0 46.7 10.9 -21.1 7.26 NA NA NA NA 1
2018 SLSC Lake 8 30.0 0.200 0.0148 0.0689 0.207 98.0 42.0 10.0 -21.5 7.57 NA NA NA NA 0
2018 SLSC Lake 8 27.0 0.200 0.0305 0.0727 0.218 103 43.6 9.96 -22.0 6.87 NA NA NA NA 0
2018 SLSC Lake 8 32.0 0.200 0.0179 0.0689 0.207 98.0 52.6 12.4 -22.7 6.90 NA NA NA NA 0
2018 SLSC Lake 8 28.0 0.200 0.0225 0.0727 0.218 103 42.3 10.2 -20.0 6.21 NA NA NA NA 0
2018 SLSC Lake 8 28.0 0.200 0.0192 0.0689 0.207 98.0 47.2 10.4 -23.9 6.52 NA NA NA NA 0
2018 SLSC Lake 8 32.0 0.300 0.0172 0.0727 0.218 103 55.3 11.2 -21.5 7.89 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2018 SLSC Lake 8 26.0 0.200 0.0205 0.0689 0.207 97.0 36.3 8.68 -23.4 7.44 NA NA NA NA 0
2018 SLSC Lake 8 29.0 0.300 0.0188 0.0689 0.207 98.0 49.9 11.2 -23.1 7.02 NA NA NA NA 0
2018 SLSC Lake 8 29.0 0.300 0.0258 0.0689 0.207 98.0 47.8 10.9 -25.0 7.67 NA NA NA NA 0
2018 SLSC Lake 8 27.0 0.200 0.0226 0.0689 0.207 97.0 36.1 8.26 -23.5 7.35 NA NA NA NA 0
2018 SLSC Lake 8 31.0 0.200 0.0216 0.0689 0.207 98.0 41.5 8.98 -23.5 6.84 NA NA NA NA 0
2018 SLSC Lake 8 35.0 0.300 0.0237 0.0689 0.207 98.0 46.7 10.7 -24.1 7.81 46.1 10.2 -24.2 7.24 0
2018 SLSC Lake 8 28.0 0.200 0.0270 0.0689 0.207 98.0 50.7 12.6 -24.4 7.53 NA NA NA NA 0
2018 SLSC Lake 8 25.0 0.100 0.0331 0.0689 0.207 97.0 49.1 12.1 -27.0 8.33 NA NA NA NA 0
2018 SLSC Lake 8 32.0 0.300 0.0216 0.0689 0.207 98.0 47.7 11.5 -23.0 6.76 NA NA NA NA 0
2018 SLSC Lake 8 30.0 0.200 0.0246 0.0689 0.207 98.0 42.4 9.73 -25.1 8.06 NA NA NA NA 0
2018 SLSC Lake 8 30.0 0.200 0.0188 0.0689 0.207 98.0 46.1 10.8 -21.7 6.26 NA NA NA NA 0
2018 SLSC Lake 8 29.0 0.300 0.0290 0.0689 0.207 98.0 45.4 10.5 -23.4 5.78 NA NA NA NA 0
2018 SLSC Lake 8 28.0 0.200 0.0193 0.0689 0.207 98.0 47.0 11.0 -22.9 7.48 NA NA NA NA 0
2018 SLSC Lake 8 55.0 1.60 0.0239 0.0689 0.207 97.0 39.7 8.27 -21.9 6.63 35.1 7.51 -21.8 6.48 2
2018 SLSC Lake 8 30.0 0.300 0.0228 0.0689 0.207 98.0 47.5 11.8 -23.5 7.85 NA NA NA NA 0
2018 SLSC Lake 8 31.0 0.300 0.0251 0.0689 0.207 98.0 45.5 10.4 -24.7 7.77 NA NA NA NA 0
2018 SLSC Lake 8 39.0 0.200 0.0201 0.0689 0.207 97.0 39.3 9.23 -22.2 6.78 NA NA NA NA 0
2018 SLSC Lake 8 57.0 1.70 0.0301 0.0689 0.207 97.0 36.4 7.98 -23.4 7.46 NA NA NA NA 1
2019 SLSC A44 36.0 0.320 0.0216 0.0727 0.218 103 51.8 12.5 -20.3 6.51 NA NA NA NA 0
2019 SLSC A44 45.0 0.600 0.0336 0.0689 0.207 97.0 33.9 7.97 -20.6 7.50 NA NA NA NA 1
2019 SLSC A44 47.0 0.740 0.0381 0.0689 0.207 97.0 39.2 8.76 -20.0 7.83 NA NA NA NA 1
2019 SLSC A44 45.0 0.740 0.0362 0.0667 0.200 98.0 42.3 9.82 -21.8 7.06 NA NA NA NA 2
2019 SLSC A44 34.0 0.300 0.0285 0.0727 0.218 103 49.1 12.3 -22.2 6.63 NA NA NA NA 0
2019 SLSC A44 47.0 0.680 0.0328 0.0667 0.200 98.0 41.1 10.1 -21.7 7.37 NA NA NA NA 2
2019 SLSC A44 34.0 0.310 0.0238 0.0667 0.200 98.0 46.0 11.0 -22.6 7.10 NA NA NA NA 1
2019 SLSC A44 31.0 0.200 0.0359 0.0727 0.218 103 45.3 11.0 -22.4 6.96 NA NA NA NA 0
2019 SLSC A44 33.0 0.270 0.0279 0.0727 0.218 103 49.3 12.2 -23.3 7.48 NA NA NA NA 0
2019 SLSC A44 36.0 0.350 0.0220 0.0667 0.200 98.0 53.1 11.0 -23.8 7.71 NA NA NA NA 1
2019 SLSC A44 60.0 1.79 0.0522 0.0667 0.200 98.0 49.7 12.5 -20.4 7.21 NA NA NA NA 3
2019 SLSC A44 50.0 1.10 0.0279 0.0667 0.200 98.0 46.2 10.4 -20.9 7.81 NA NA NA NA 1
2019 SLSC A44 44.0 0.740 0.0293 0.0667 0.200 98.0 46.1 11.5 -22.0 6.73 NA NA NA NA 2
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 SLSC A44 48.0 1.00 0.0317 0.0667 0.200 98.0 56.4 11.7 -21.8 7.28 NA NA NA NA 2
2019 SLSC A44 49.0 0.910 0.0343 0.0689 0.207 97.0 41.9 8.80 -21.1 7.53 NA NA NA NA 1
2019 SLSC A44 45.0 0.630 0.0348 0.0667 0.200 98.0 46.9 11.2 -20.7 7.57 NA NA NA NA 1
2019 SLSC A44 42.0 0.630 0.0338 0.0667 0.200 98.0 46.8 9.89 -20.0 7.04 49.9 10.2 -20.0 7.02 1
2019 SLSC A44 51.0 1.01 0.0330 0.0667 0.200 98.0 38.4 9.38 -20.9 7.02 NA NA NA NA 2
2019 SLSC A44 58.0 1.80 0.0573 0.0689 0.207 97.0 41.1 9.67 -19.7 7.78 NA NA NA NA 3
2019 SLSC A44 36.0 0.370 0.0208 0.0667 0.200 98.0 50.1 10.2 -20.9 7.06 NA NA NA NA 1
2019 SLSC A44 49.0 0.990 0.0312 0.0667 0.200 98.0 49.8 9.11 -20.1 8.02 NA NA NA NA 2
2019 SLSC A44 37.0 0.350 0.0232 0.0727 0.218 103 48.2 11.5 -19.2 6.36 NA NA NA NA 0
2019 SLSC A44 48.0 0.790 0.0482 0.0667 0.200 98.0 46.4 10.6 -21.7 7.83 NA NA NA NA 2
2019 SLSC A44 54.0 1.29 0.0381 0.0667 0.200 98.0 55.0 11.0 -21.6 7.42 NA NA NA NA 2
2019 SLSC A44 45.0 0.880 0.0363 0.0667 0.200 98.0 51.8 10.9 -19.0 8.23 NA NA NA NA 1
2019 SLSC A44 37.0 0.390 0.0191 0.0667 0.200 98.0 50.3 12.7 -20.4 6.73 NA NA NA NA 0
2019 SLSC A44 62.0 1.83 0.0651 0.0667 0.200 98.0 40.9 9.51 -20.6 7.41 NA NA NA NA 2
2019 SLSC A44 52.0 1.07 0.0281 0.0689 0.207 97.0 42.3 9.27 -21.6 7.05 NA NA NA NA 1
2019 SLSC A44 43.0 0.710 0.0340 0.0689 0.207 97.0 39.4 9.35 -18.1 7.68 NA NA NA NA 1
2019 SLSC A44 47.0 0.810 0.0371 0.0667 0.200 98.0 52.3 11.7 -21.4 7.23 NA NA NA NA 2
2019 SLSC A44 56.0 1.39 0.0398 0.0667 0.200 98.0 46.3 11.2 -19.4 7.41 49.6 10.9 -20.0 7.44 2
2019 SLSC A44 40.0 0.430 0.0217 0.0689 0.207 97.0 39.2 8.66 -19.4 8.23 50.7 11.8 -19.3 8.36 0
2019 SLSC A44 51.0 1.07 0.0322 0.0667 0.200 98.0 48.5 10.9 -20.2 6.75 NA NA NA NA 2
2019 SLSC A44 44.0 0.750 0.0265 0.0667 0.200 98.0 44.0 9.36 -20.5 7.20 NA NA NA NA 2
2019 SLSC A44 33.0 0.280 0.0252 0.0667 0.200 98.0 43.0 9.83 -20.5 6.69 NA NA NA NA 0
2019 NNST A65 31.0 0.220 0.0267 0.0727 0.218 103 49.9 11.3 -25.2 6.91 NA NA NA NA 0
2019 NNST A65 27.0 0.180 0.0332 0.0689 0.207 97.0 46.4 11.1 -26.3 7.29 NA NA NA NA 0
2019 NNST A65 35.0 0.270 0.0320 0.0727 0.218 103 53.6 11.6 -26.8 7.63 NA NA NA NA 0
2019 NNST A65 52.0 0.880 0.0362 0.0689 0.207 99.0 53.2 11.2 -26.6 9.46 NA NA NA NA 0
2019 NNST A65 71.0 2.82 0.118 0.0689 0.207 97.0 41.1 8.09 -24.0 9.64 NA NA NA NA 1
2019 NNST A65 54.0 1.03 0.0311 0.0689 0.207 97.0 50.6 9.69 -26.2 9.44 NA NA NA NA 0
2019 NNST A65 48.0 1.28 0.0397 0.0689 0.207 99.0 53.3 8.42 -27.4 8.91 NA NA NA NA 0
2019 NNST A65 48.0 0.790 0.0463 0.0727 0.218 103 51.2 10.4 -25.9 7.92 NA NA NA NA 0
2019 NNST A65 42.0 0.570 0.0377 0.0727 0.218 103 49.3 10.7 -26.6 8.55 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 NNST A65 64.0 1.84 0.0775 0.0689 0.207 97.0 50.8 8.27 -25.7 9.81 NA NA NA NA 0
2019 NNST A65 26.0 0.130 0.0280 0.0689 0.207 97.0 44.0 10.5 -24.7 6.34 NA NA NA NA 0
2019 NNST A65 47.0 0.850 0.0373 0.0689 0.207 99.0 55.3 11.0 -25.7 8.32 NA NA NA NA 0
2019 SLSC A65 54.0 1.34 0.0430 0.0689 0.207 97.0 46.2 9.93 -23.8 7.54 NA NA NA NA 1
2019 SLSC A65 64.0 2.25 0.0394 0.0689 0.207 97.0 46.6 9.00 -23.5 8.19 NA NA NA NA 2
2019 NNST A65 31.0 0.180 0.0246 0.0689 0.207 99.0 46.7 10.9 -24.9 6.67 NA NA NA NA 0
2019 NNST A65 57.0 1.31 0.0307 0.0689 0.207 97.0 51.8 9.99 -25.9 9.17 NA NA NA NA 0
2019 NNST A65 28.0 0.170 0.0262 0.0689 0.207 99.0 49.6 11.2 -25.8 6.34 NA NA NA NA 0
2019 NNST A65 50.0 1.11 0.0471 0.0689 0.207 99.0 51.8 10.9 -25.2 7.95 NA NA NA NA 0
2019 NNST A65 55.0 1.24 0.0425 0.0689 0.207 99.0 55.8 11.1 -25.4 9.26 46.2 9.17 -25.3 9.30 0
2019 NNST A65 25.0 0.120 0.0365 0.0689 0.207 97.0 41.4 10.1 -24.5 6.51 NA NA NA NA 0
2019 NNST A65 29.0 0.140 0.0273 0.0689 0.207 99.0 47.2 11.6 -23.8 6.78 NA NA NA NA 0
2019 NNST A65 50.0 0.650 0.0451 0.0689 0.207 99.0 48.4 9.36 -27.9 8.60 NA NA NA NA 0
2019 NNST A65 55.0 1.41 0.0450 0.0689 0.207 99.0 46.3 9.10 -26.6 8.90 NA NA NA NA 0
2019 NNST A65 63.0 2.02 0.0806 0.0689 0.207 97.0 54.3 9.17 -24.2 9.90 41.1 7.04 -24.1 9.71 0
2019 NNST A65 25.0 0.120 0.0317 0.0689 0.207 99.0 49.9 12.2 -23.5 7.39 NA NA NA NA 0
2019 NNST A65 54.0 1.25 0.0356 0.0689 0.207 99.0 53.3 9.87 -25.6 8.16 NA NA NA NA 0
2019 NNST A65 56.0 1.51 0.0459 0.0689 0.207 97.0 57.9 10.6 -26.9 9.47 NA NA NA NA 0
2019 NNST A65 53.0 1.28 0.0414 0.0689 0.207 99.0 55.5 11.0 -28.1 9.34 NA NA NA NA 0
2019 NNST A65 56.0 1.25 0.0363 0.0689 0.207 97.0 52.4 9.48 -26.0 8.99 NA NA NA NA 0
2019 NNST A65 54.0 1.25 0.0390 0.0689 0.207 99.0 56.8 10.4 -25.9 8.70 NA NA NA NA 0
2019 NNST A65 54.0 1.20 0.0379 0.0689 0.207 97.0 49.0 9.44 -26.6 8.42 NA NA NA NA 0
2019 NNST A65 53.0 1.17 0.0406 0.0689 0.207 97.0 46.3 9.83 -24.3 7.88 NA NA NA NA 0
2019 NNST A65 33.0 0.240 0.0303 0.0727 0.218 103 51.9 12.0 -25.8 7.52 NA NA NA NA 0
2019 NNST A65 55.0 1.33 0.0400 0.0689 0.207 97.0 52.4 9.48 -25.6 9.19 NA NA NA NA 0
2019 NNST A65 51.0 0.820 0.0458 0.0689 0.207 99.0 42.8 8.68 -26.2 8.75 NA NA NA NA 0
2019 NNST A65 59.0 1.51 0.0330 0.0689 0.207 97.0 47.7 8.31 -25.3 9.15 NA NA NA NA 0
2019 NNST A65 47.0 0.880 0.0403 0.0727 0.218 103 50.0 11.1 -25.7 8.46 NA NA NA NA 0
2019 NNST A65 54.0 0.930 0.0319 0.0689 0.207 99.0 51.9 10.8 -26.3 8.90 NA NA NA NA 0
2019 NNST A65 47.0 0.860 0.0346 0.0689 0.207 99.0 45.7 8.68 -25.4 8.60 55.3 10.7 -25.3 8.98 0
2019 NNST A65 32.0 0.260 0.0275 0.0727 0.218 103 52.6 11.9 -26.0 6.85 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 NNST A65 43.0 0.670 0.0342 0.0727 0.218 103 51.6 10.9 -26.3 8.29 NA NA NA NA 0
2019 NNST A65 45.0 0.850 0.0364 0.0727 0.218 103 52.7 12.1 -25.5 8.27 NA NA NA NA 0
2019 NNST A65 50.0 1.09 0.0352 0.0689 0.207 97.0 46.8 8.97 -26.8 8.98 NA NA NA NA 0
2019 NNST A65 50.0 1.08 0.0494 0.0689 0.207 99.0 50.4 9.69 -27.2 8.69 NA NA NA NA 0
2019 NNST A65 58.0 1.43 0.0469 0.0689 0.207 97.0 50.8 8.79 -26.6 9.38 NA NA NA NA 0
2019 NNST A65 55.0 1.26 0.0462 0.0689 0.207 99.0 46.7 8.95 -26.2 8.75 NA NA NA NA 0
2019 NNST A65 47.0 0.890 0.0326 0.0689 0.207 99.0 57.0 11.3 -26.9 8.06 NA NA NA NA 0
2019 NNST A65 23.0 0.120 0.0288 0.0689 0.207 97.0 41.2 10.4 -23.0 8.31 NA NA NA NA NA
2019 NNST A65 30.0 0.190 0.0357 0.0727 0.218 103 49.4 11.3 -25.3 6.40 51.7 12.2 -25.1 6.41 0
2019 NNST A65 44.0 0.630 0.0376 0.0689 0.207 99.0 52.3 11.2 -25.8 8.24 NA NA NA NA 0
2019 NNST A65 59.0 1.92 0.0845 0.0689 0.207 97.0 43.8 9.40 -23.7 8.69 45.1 9.51 -23.8 8.29 1
2019 SLSC A65 62.0 2.28 0.0494 0.0689 0.207 97.0 43.1 9.19 -23.4 8.05 NA NA NA NA 3
2019 NNST WTL 55.0 1.63 0.0263 0.0689 0.207 97.0 55.6 9.41 -27.0 10.6 NA NA NA NA 0
2019 NNST WTL 31.0 0.220 0.0522 0.0727 0.218 103 52.7 12.1 -26.0 7.85 NA NA NA NA NA
2019 NNST WTL 60.0 1.98 0.0437 0.0689 0.207 97.0 44.3 8.23 -26.8 10.1 NA NA NA NA 0
2019 NNST WTL 29.0 0.160 0.0224 0.0689 0.207 98.0 47.7 9.61 -26.8 6.48 NA NA NA NA 0
2019 NNST WTL 59.0 2.35 0.0419 0.0689 0.207 98.0 54.6 8.03 -25.9 7.77 52.1 8.04 -25.7 7.70 1
2019 NNST WTL 61.0 3.13 0.0520 0.0689 0.207 97.0 49.1 8.45 -25.8 8.96 NA NA NA NA 1
2019 NNST WTL 55.0 1.46 0.0518 0.0689 0.207 98.0 52.9 9.64 -27.3 10.5 NA NA NA NA 0
2019 NNST WTL 53.0 1.18 0.0333 0.0689 0.207 98.0 51.8 9.73 -25.1 10.1 NA NA NA NA 0
2019 NNST WTL 53.0 1.64 0.0485 0.0689 0.207 98.0 49.0 9.55 -24.0 10.2 NA NA NA NA 0
2019 NNST WTL 21.0 0.0700 0.0238 0.0689 0.207 97.0 48.3 11.4 -24.1 8.04 NA NA NA NA 0
2019 NNST WTL 22.0 0.110 0.0364 0.0689 0.207 98.0 48.1 11.3 -25.8 7.41 NA NA NA NA 0
2019 NNST WTL 32.0 0.210 0.0309 0.0727 0.218 103 52.1 11.5 -27.7 7.12 NA NA NA NA 0
2019 NNST WTL 32.0 0.280 0.0280 0.0689 0.207 98.0 41.9 9.28 -28.6 7.31 NA NA NA NA 0
2019 NNST WTL 25.0 0.140 0.0314 0.0727 0.218 103 50.6 11.5 -26.0 7.18 NA NA NA NA 0
2019 NNST WTL 21.0 0.0700 0.0206 0.0689 0.207 98.0 46.0 11.1 -25.5 7.27 NA NA NA NA NA
2019 NNST WTL 54.0 1.29 0.0274 0.0689 0.207 98.0 48.6 9.51 -27.2 10.3 NA NA NA NA 0
2019 NNST WTL 32.0 0.240 0.0271 0.0689 0.207 98.0 41.9 9.70 -27.6 8.29 NA NA NA NA 0
2019 NNST WTL 54.0 1.86 0.0522 0.0689 0.207 98.0 46.3 9.47 -25.4 9.21 NA NA NA NA 0
2019 NNST WTL 25.0 0.140 0.0227 0.0689 0.207 97.0 54.9 13.0 -24.3 9.08 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 NNST WTL 42.0 0.700 0.0444 0.0727 0.218 103 51.4 9.94 -25.5 8.45 NA NA NA NA 0
2019 NNST WTL 31.0 0.230 0.0393 0.0689 0.207 98.0 44.0 9.13 -28.6 8.57 51.5 10.5 -28.7 8.81 0
2019 NNST WTL 35.0 0.310 0.0296 0.0689 0.207 98.0 48.2 9.90 -30.3 8.75 NA NA NA NA 0
2019 NNST WTL 34.0 0.290 0.0227 0.0727 0.218 103 52.2 11.1 -28.0 8.27 NA NA NA NA 0
2019 NNST WTL 26.0 0.160 0.0243 0.0689 0.207 98.0 53.6 12.1 -23.9 8.58 NA NA NA NA 0
2019 NNST WTL 30.0 0.190 0.0266 0.0689 0.207 98.0 45.8 10.3 -26.8 8.51 NA NA NA NA 0
2019 NNST WTL 28.0 0.160 0.0229 0.0689 0.207 97.0 43.8 10.5 -22.6 8.40 NA NA NA NA 0
2019 SLSC WTL 73.0 4.21 0.0298 0.0689 0.207 97.0 46.8 9.34 -25.3 9.73 NA NA NA NA 3
2019 SLSC WTL 57.0 1.81 0.0298 0.0689 0.207 98.0 56.0 11.4 -26.8 8.61 NA NA NA NA 1
2019 SLSC WTL 36.0 0.470 0.0539 0.0727 0.218 103 53.7 11.0 -26.5 8.19 NA NA NA NA 0
2019 SLSC WTL 32.0 0.320 0.0223 0.0727 0.218 103 52.9 11.8 -23.2 8.75 NA NA NA NA 0
2019 SLSC WTL 38.0 0.500 0.0276 0.0727 0.218 103 52.2 11.3 -27.3 8.68 NA NA NA NA 0
2019 SLSC WTL 39.0 0.620 0.0218 0.0689 0.207 98.0 45.4 10.1 -27.9 9.87 NA NA NA NA 0
2019 SLSC WTL 51.0 1.38 0.0232 0.0689 0.207 97.0 51.9 12.2 -26.2 9.78 NA NA NA NA 1
2019 SLSC WTL 39.0 0.690 0.0346 0.0689 0.207 98.0 56.4 11.1 -21.9 8.96 NA NA NA NA 1
2019 SLSC WTL 37.0 0.450 0.0390 0.0727 0.218 103 52.1 11.2 -26.2 7.33 NA NA NA NA 0
2019 SLSC WTL 39.0 0.580 0.0349 0.0689 0.207 98.0 53.1 11.9 -27.7 8.82 NA NA NA NA 0
2019 SLSC WTL 34.0 0.380 0.112 0.0727 0.218 103 53.6 11.8 -28.1 7.81 55.2 11.4 -28.4 7.87 0
2019 NNST WTL 36.0 0.270 0.0302 0.0689 0.207 98.0 49.3 11.1 -25.2 9.23 NA NA NA NA 0
2019 NNST WTL 27.0 0.160 0.0224 0.0689 0.207 98.0 47.2 11.6 -23.3 10.0 NA NA NA NA 0
2019 NNST WTL 32.0 0.200 0.0330 0.0689 0.207 98.0 45.4 10.9 -25.8 8.07 43.2 10.4 -25.6 7.55 0
2019 NNST WTL 33.0 0.230 0.0383 0.0689 0.207 98.0 47.0 10.4 -27.4 8.78 NA NA NA NA 0
2019 NNST WTL 32.0 0.210 0.0489 0.0689 0.207 98.0 47.4 10.3 -27.9 8.30 NA NA NA NA 0
2019 NNST WTL 32.0 0.210 0.0174 0.0689 0.207 98.0 48.8 10.4 -23.6 8.14 NA NA NA NA 0
2019 NNST WTL 36.0 0.290 0.0170 0.0689 0.207 98.0 52.9 11.0 -25.9 7.59 NA NA NA NA 0
2019 NNST WTL 59.0 1.66 0.0192 0.0689 0.207 98.0 52.4 9.04 -30.5 10.9 NA NA NA NA 0
2019 NNST WTL 29.0 0.150 0.0233 0.0689 0.207 98.0 50.2 10.4 -25.8 7.70 NA NA NA NA 0
2019 NNST WTL 69.0 2.48 0.0585 0.0689 0.207 97.0 47.0 9.10 -23.6 10.3 NA NA NA NA 0
2019 NNST WTL 50.0 0.760 0.0367 0.0689 0.207 97.0 46.3 9.69 -24.3 10.0 49.0 10.4 -24.3 10.3 0
2019 SLSC WTL 38.0 0.450 0.0341 0.0689 0.207 98.0 44.8 9.68 -28.2 8.95 NA NA NA NA 0
2019 SLSC WTL 47.0 0.890 0.0338 0.0689 0.207 98.0 52.1 10.2 -22.4 9.18 NA NA NA NA 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 SLSC WTL 49.0 0.970 0.0357 0.0689 0.207 97.0 49.4 10.5 -24.6 9.09 NA NA NA NA 1
2019 SLSC WTL 55.0 1.59 0.0339 0.0689 0.207 97.0 50.6 10.4 -26.5 8.49 NA NA NA NA 2
2019 SLSC WTL 66.0 2.62 0.0208 0.0689 0.207 98.0 46.0 9.29 -25.7 8.33 NA NA NA NA 1
2019 SLSC WTL 60.0 2.12 0.0263 0.0689 0.207 97.0 49.2 8.53 -26.8 7.56 NA NA NA NA 1
2019 SLSC WTL 67.0 2.27 0.0472 0.0689 0.207 97.0 37.8 10.5 -22.8 8.97 NA NA NA NA 3
2019 SLSC WTL 45.0 0.690 0.0262 0.0689 0.207 97.0 43.3 8.85 -20.8 8.92 NA NA NA NA 1
2019 SLSC WTL 36.0 0.380 0.0188 0.0689 0.207 98.0 52.4 12.0 -26.5 8.46 51.2 11.9 -26.6 8.72 0
2019 SLSC WTL 57.0 0.890 0.0374 0.0689 0.207 98.0 53.0 10.8 -26.0 7.45 NA NA NA NA 2
2019 SLSC WTL 39.0 0.640 0.0759 0.0689 0.207 98.0 50.8 9.95 -25.8 6.82 NA NA NA NA 0
2019 SLSC WTL 44.0 0.700 0.0325 0.0689 0.207 98.0 50.4 11.1 -21.2 8.53 NA NA NA NA 1
2019 SLSC WTL 36.0 0.490 0.0224 0.0689 0.207 98.0 42.9 10.0 -26.1 8.64 NA NA NA NA 0
2019 SLSC WTL 45.0 0.650 0.0311 0.0689 0.207 98.0 46.0 11.3 -23.7 8.96 NA NA NA NA 1
2019 SLSC WTL 55.0 1.53 0.0327 0.0689 0.207 98.0 41.5 8.73 -25.8 8.84 NA NA NA NA 1
2019 SLSC WTL 40.0 0.590 0.0157 0.0689 0.207 97.0 59.2 11.4 -26.6 6.51 NA NA NA NA 0
2019 SLSC WTL 58.0 1.77 0.0282 0.0689 0.207 98.0 47.0 9.65 -27.1 8.66 NA NA NA NA 2
2019 SLSC WTL 41.0 0.630 0.0191 0.0689 0.207 98.0 46.7 10.3 -24.1 6.94 NA NA NA NA 0
2019 SLSC WTL 69.0 3.47 0.0421 0.0689 0.207 97.0 46.5 9.82 -25.6 8.81 NA NA NA NA 3
2019 SLSC WTL 38.0 0.470 0.0166 0.0689 0.207 98.0 49.7 9.45 -26.3 7.07 NA NA NA NA 0
2019 NNST WTL 37.0 0.400 0.0301 0.0727 0.218 103 51.7 11.6 -28.7 10.3 NA NA NA NA 0
2019 SLSC A63 47.0 1.23 0.0318 0.0689 0.207 99.0 54.2 10.1 -25.6 6.32 NA NA NA NA 1
2019 SLSC A63 35.0 0.430 0.0361 0.0689 0.207 99.0 48.8 11.3 -24.2 6.13 NA NA NA NA 0
2019 SLSC A63 57.0 2.22 0.0475 0.0689 0.207 99.0 59.3 10.9 -24.9 6.43 NA NA NA NA 2
2019 SLSC A63 48.0 1.07 0.0441 0.0689 0.207 99.0 46.6 10.2 -22.3 6.89 NA NA NA NA 2
2019 SLSC A63 35.0 0.440 0.0385 0.0689 0.207 99.0 48.3 11.6 -25.1 6.14 NA NA NA NA 0
2019 SLSC A63 39.0 0.640 0.0289 0.0689 0.207 99.0 52.9 10.4 -25.8 4.96 54.4 11.2 -25.4 5.09 1
2019 SLSC A63 35.0 0.440 0.0366 0.0689 0.207 99.0 53.3 12.2 -26.0 6.49 NA NA NA NA 1
2019 NNST A63 65.0 1.96 0.0380 0.0689 0.207 99.0 64.2 10.1 -28.4 8.46 NA NA NA NA 0
2019 NNST A63 57.0 1.85 0.0404 0.0689 0.207 99.0 58.0 9.23 -26.8 7.48 NA NA NA NA 0
2019 NNST A63 52.0 1.49 0.0365 0.0689 0.207 99.0 56.0 8.25 -29.6 8.03 NA NA NA NA 0
2019 NNST A63 55.0 1.38 0.0350 0.0825 0.248 101 54.1 9.79 -29.3 8.76 NA NA NA NA 0
2019 NNST A63 58.0 1.57 0.0348 0.0825 0.248 101 57.7 9.03 -28.1 8.63 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 NNST A63 51.0 1.33 0.0399 0.0825 0.248 101 54.4 10.2 -27.3 7.97 NA NA NA NA 0
2019 NNST A63 29.0 0.230 0.0337 0.0825 0.248 101 51.1 11.1 -26.6 6.29 NA NA NA NA 0
2019 NNST A63 26.0 0.150 0.0447 0.0825 0.248 101 46.7 12.0 -25.6 6.02 NA NA NA NA 0
2019 NNST A63 27.0 0.210 0.0425 0.0825 0.248 101 53.7 10.8 -27.7 5.70 50.5 10.8 -27.2 5.78 0
2019 NNST A63 19.0 0.0700 0.0594 0.0689 0.207 99.0 44.3 11.4 -26.5 5.50 NA NA NA NA 0
2019 NNST A63 34.0 0.300 0.0360 0.0825 0.248 101 52.6 9.18 -29.0 7.02 NA NA NA NA 0
2019 NNST A63 29.0 0.180 0.0469 0.0825 0.248 101 47.2 11.1 -26.8 7.47 NA NA NA NA 0
2019 NNST A63 34.0 0.300 0.0321 0.0825 0.248 101 55.6 12.7 -27.4 5.77 NA NA NA NA 0
2019 NNST A63 27.0 0.180 0.0447 0.0689 0.207 99.0 50.0 10.9 -28.1 6.27 NA NA NA NA 0
2019 NNST A63 27.0 0.150 0.0478 0.0689 0.207 99.0 52.2 11.6 -27.3 5.51 NA NA NA NA 0
2019 NNST A63 31.0 0.210 0.0463 0.0689 0.207 99.0 46.5 9.66 -27.0 5.52 NA NA NA NA 0
2019 NNST A63 42.0 0.540 0.0356 0.0689 0.207 99.0 57.9 11.5 -28.1 6.60 NA NA NA NA 0
2019 NNST A63 31.0 0.270 0.0391 0.0689 0.207 99.0 54.0 11.3 -26.6 6.55 NA NA NA NA 0
2019 NNST A63 26.0 0.140 0.0453 0.0689 0.207 99.0 46.3 10.9 -27.4 6.33 48.8 12.0 -27.2 5.91 0
2019 NNST A63 29.0 0.180 0.0501 0.0689 0.207 99.0 52.3 12.0 -27.1 6.54 NA NA NA NA 0
2019 NNST A63 27.0 0.180 0.0419 0.0689 0.207 99.0 49.9 11.3 -27.9 6.65 NA NA NA NA 0
2019 NNST A63 29.0 0.190 0.0506 0.0689 0.207 99.0 50.3 11.0 -26.9 5.91 NA NA NA NA 0
2019 NNST A63 28.0 0.180 0.0446 0.0689 0.207 99.0 48.2 9.24 -27.7 6.26 NA NA NA NA 0
2019 NNST A63 31.0 0.230 0.0417 0.0689 0.207 99.0 58.5 12.6 -27.9 5.55 NA NA NA NA 0
2019 NNST A63 28.0 0.150 0.0458 0.0689 0.207 99.0 56.1 13.6 -25.9 6.31 NA NA NA NA 0
2019 NNST A63 31.0 0.220 0.0493 0.0689 0.207 99.0 50.4 12.2 -27.0 5.96 NA NA NA NA 0
2019 NNST A63 25.0 0.800 0.0486 0.0689 0.207 99.0 47.4 11.9 -26.9 5.64 NA NA NA NA 0
2019 NNST A63 32.0 0.240 0.0316 0.0689 0.207 99.0 48.4 10.9 -27.5 6.18 NA NA NA NA 0
2019 NNST A63 26.0 0.170 0.0484 0.0689 0.207 99.0 51.4 12.6 -26.5 5.29 49.1 12.0 -26.5 5.22 0
2019 NNST A63 33.0 0.250 0.0356 0.0689 0.207 99.0 45.4 10.9 -26.1 6.58 NA NA NA NA 0
2019 NNST A63 31.0 0.210 0.0511 0.0689 0.207 99.0 47.1 10.6 -27.1 6.64 NA NA NA NA 0
2019 NNST A63 32.0 0.240 0.0408 0.0689 0.207 99.0 52.7 9.93 -28.2 6.35 NA NA NA NA 0
2019 NNST A63 26.0 0.130 0.0610 0.0689 0.207 99.0 49.0 11.8 -27.1 6.04 NA NA NA NA 0
2019 NNST A63 29.0 0.220 0.0506 0.0689 0.207 99.0 52.0 12.7 -27.2 6.69 NA NA NA NA 0
2019 NNST A63 31.0 0.200 0.0474 0.0689 0.207 99.0 48.5 11.1 -28.4 6.61 NA NA NA NA 0
2019 NNST A63 30.0 0.240 0.0415 0.0689 0.207 99.0 50.2 12.3 -27.5 6.71 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 NNST A63 24.0 0.120 0.0517 0.0689 0.207 99.0 49.1 11.8 -27.3 5.58 NA NA NA NA 0
2019 NNST A20 51.0 0.900 0.0514 0.0689 0.207 99.0 51.9 9.10 -24.5 8.68 NA NA NA NA 0
2019 NNST A20 45.0 0.780 0.0392 0.0727 0.218 103 44.2 8.84 -25.1 7.57 NA NA NA NA 0
2019 NNST A20 44.0 0.520 0.0393 0.0727 0.218 103 48.5 10.1 -24.9 7.57 NA NA NA NA 0
2019 NNST A20 43.0 0.530 0.0408 0.0727 0.218 103 51.0 10.5 -24.5 7.01 NA NA NA NA 0
2019 NNST A20 53.0 1.08 0.0398 0.0689 0.207 99.0 58.6 10.1 -25.7 8.68 NA NA NA NA 0
2019 NNST A20 57.0 1.23 0.0408 0.0689 0.207 99.0 54.7 11.2 -24.6 8.37 51.2 10.0 -24.9 8.63 0
2019 NNST A20 34.0 0.270 0.0362 0.0689 0.207 99.0 55.6 12.5 -24.0 7.51 NA NA NA NA 0
2019 NNST A20 38.0 0.310 0.0491 0.0727 0.218 103 47.8 10.4 -29.4 6.69 NA NA NA NA 0
2019 NNST A20 32.0 0.160 0.0239 0.0689 0.207 99.0 49.8 10.5 -25.6 6.15 NA NA NA NA 0
2019 NNST A20 50.0 0.780 0.0465 0.0689 0.207 99.0 51.8 10.5 -26.4 8.37 NA NA NA NA 0
2019 NNST A20 60.0 1.40 0.0314 0.0689 0.207 97.0 48.7 8.18 -27.8 9.01 NA NA NA NA 0
2019 NNST A20 53.0 1.29 0.0842 0.0689 0.207 97.0 44.4 10.8 -24.6 9.00 NA NA NA NA 0
2019 NNST A20 64.0 1.60 0.0936 0.0689 0.207 97.0 47.4 9.19 -24.5 9.42 NA NA NA NA 0
2019 NNST A20 32.0 0.210 0.0295 0.0689 0.207 99.0 48.6 13.1 -22.1 5.87 NA NA NA NA 0
2019 NNST A20 33.0 0.230 0.0363 0.0727 0.218 103 50.1 10.8 -27.6 6.39 NA NA NA NA 0
2019 NNST A20 28.0 0.130 0.0292 0.0689 0.207 99.0 51.7 13.1 -24.3 5.72 NA NA NA NA 0
2019 NNST A20 29.0 0.170 0.0276 0.0689 0.207 99.0 51.1 11.7 -24.1 6.15 NA NA NA NA 0
2019 NNST A20 50.0 0.860 0.0373 0.0689 0.207 99.0 57.0 10.2 -26.3 8.28 NA NA NA NA 0
2019 NNST A20 48.0 0.780 0.0538 0.0727 0.218 103 51.4 9.65 -24.9 8.18 NA NA NA NA 0
2019 NNST A20 33.0 0.200 0.0303 0.0689 0.207 99.0 49.3 11.6 -24.5 6.56 NA NA NA NA 0
2019 NNST A20 29.0 0.140 0.0314 0.0689 0.207 99.0 54.9 12.8 -24.9 6.51 NA NA NA NA 0
2019 NNST A20 28.0 0.150 0.0342 0.0689 0.207 99.0 52.5 12.2 -23.8 6.83 51.4 12.9 -23.5 6.99 0
2019 NNST A20 43.0 0.510 0.0421 0.0727 0.218 103 48.1 11.3 -23.9 7.20 NA NA NA NA 0
2019 NNST A20 28.0 0.130 0.0294 0.0689 0.207 99.0 49.9 13.2 -22.4 6.49 NA NA NA NA 0
2019 NNST A20 24.0 0.110 0.0405 0.0689 0.207 97.0 43.6 10.6 -22.6 6.64 NA NA NA NA 0
2019 NNST A20 25.0 0.100 0.0291 0.0689 0.207 97.0 42.5 10.6 -24.3 5.35 NA NA NA NA 0
2019 NNST A20 27.0 0.130 0.0195 0.0689 0.207 97.0 40.6 9.97 -22.0 6.47 NA NA NA NA 0
2019 NNST A20 30.0 0.140 0.0268 0.0689 0.207 97.0 42.2 10.9 -23.2 6.61 NA NA NA NA 0
2019 NNST A20 30.0 0.180 0.0241 0.0689 0.207 99.0 49.5 11.8 -24.8 6.37 NA NA NA NA 0
2019 NNST A20 28.0 0.140 0.0410 0.0689 0.207 99.0 48.5 10.4 -25.6 6.38 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 NNST A20 24.0 0.0800 0.0256 0.0689 0.207 97.0 40.5 10.4 -22.7 6.29 NA NA NA NA 0
2019 NNST A20 28.0 0.120 0.0246 0.0689 0.207 99.0 44.3 11.6 -22.4 6.07 NA NA NA NA 0
2019 NNST A20 35.0 0.240 0.0333 0.0727 0.218 103 49.8 11.2 -27.1 5.98 51.3 11.6 -27.0 6.20 0
2019 NNST A20 35.0 0.290 0.0439 0.0689 0.207 99.0 51.2 12.1 -23.5 7.27 NA NA NA NA 0
2019 NNST A20 36.0 0.320 0.0409 0.0727 0.218 103 48.4 11.0 -25.5 7.17 NA NA NA NA 0
2019 NNST A20 31.0 0.250 0.0483 0.0727 0.218 103 48.9 11.3 -24.2 7.35 NA NA NA NA 0
2019 SLSC MMT 55.0 1.63 0.0326 0.0689 0.207 97.0 41.5 7.82 -22.9 7.99 NA NA NA NA 2
2019 SLSC MMT 45.0 0.790 0.0415 0.0689 0.207 97.0 47.6 10.3 -23.1 8.17 NA NA NA NA 1
2019 SLSC MMT 63.0 1.86 0.0732 0.0689 0.207 97.0 47.1 11.3 -21.4 7.55 47.2 11.3 -21.4 7.56 4
2019 SLSC MMT 49.0 1.03 0.0303 0.0689 0.207 98.0 47.6 9.63 -22.7 7.91 45.4 9.95 -22.4 8.13 2
2019 SLSC MMT 36.0 0.420 0.0303 0.0727 0.218 103 49.7 12.0 -20.0 7.83 NA NA NA NA 0
2019 SLSC MMT 56.0 1.67 0.0351 0.0689 0.207 98.0 42.9 9.36 -23.8 7.97 NA NA NA NA 2
2019 SLSC MMT 39.0 0.490 0.0193 0.0689 0.207 98.0 43.1 9.45 -19.9 8.50 NA NA NA NA 1
2019 SLSC MMT 38.0 0.450 0.0282 0.0727 0.218 103 45.7 11.2 -22.0 8.29 NA NA NA NA 0
2019 SLSC MMT 40.0 0.510 0.0263 0.0689 0.207 98.0 49.3 11.0 -22.8 8.62 NA NA NA NA 1
2019 SLSC MMT 36.0 0.370 0.0383 0.0727 0.218 103 49.2 12.0 -21.9 8.07 NA NA NA NA 0
2019 SLSC MMT 52.0 1.46 0.0360 0.0689 0.207 98.0 52.2 10.1 -22.5 7.55 NA NA NA NA 1
2019 SLSC MMT 59.0 1.48 0.0300 0.0689 0.207 98.0 41.6 8.47 -23.5 7.86 NA NA NA NA 2
2019 SLSC MMT 58.0 1.41 0.0389 0.0689 0.207 98.0 44.7 9.04 -18.6 7.39 NA NA NA NA 2
2019 SLSC MMT 47.0 0.850 0.0246 0.0689 0.207 98.0 51.8 12.4 -21.5 8.29 NA NA NA NA 2
2019 SLSC MMT 83.0 5.25 0.0481 0.0689 0.207 97.0 40.2 7.83 -22.8 7.96 NA NA NA NA 4
2019 SLSC MMT 55.0 1.45 0.0389 0.0689 0.207 98.0 46.1 10.2 -19.7 7.82 NA NA NA NA 2
2019 SLSC MMT 56.0 1.58 0.0319 0.0689 0.207 98.0 47.2 10.1 -22.3 7.56 NA NA NA NA 2
2019 SLSC MMT 58.0 1.78 0.0414 0.0689 0.207 98.0 44.4 9.07 -23.0 7.70 48.2 8.77 -23.6 7.85 2
2019 SLSC MMT 57.0 1.47 0.0382 0.0689 0.207 98.0 46.0 8.92 -23.4 8.06 NA NA NA NA 2
2019 SLSC MMT 57.0 1.84 0.0348 0.0689 0.207 98.0 41.1 8.60 -21.9 8.35 NA NA NA NA 2
2019 SLSC MMT 49.0 0.990 0.0391 0.0689 0.207 98.0 49.5 10.2 -22.0 7.95 NA NA NA NA 2
2019 SLSC MMT 42.0 0.680 0.0316 0.0689 0.207 98.0 40.3 8.85 -20.7 7.24 NA NA NA NA 2
2019 SLSC MMT 58.0 1.72 0.0296 0.0689 0.207 98.0 49.0 9.88 -22.9 7.53 NA NA NA NA 2
2019 SLSC MMT 50.0 1.06 0.0360 0.0689 0.207 97.0 43.9 9.33 -22.3 8.33 NA NA NA NA 1
2019 SLSC MMT 54.0 1.27 0.0462 0.0689 0.207 98.0 55.6 12.3 -23.0 7.61 NA NA NA NA 2
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2019 SLSC MMT 59.0 1.82 0.0392 0.0689 0.207 98.0 56.5 12.2 -22.4 7.98 NA NA NA NA 2
2019 SLSC MMT 59.0 1.59 0.0520 0.0689 0.207 98.0 50.3 12.7 -19.7 7.20 NA NA NA NA 2
2019 SLSC MMT 54.0 1.49 0.0335 0.0689 0.207 98.0 55.5 11.6 -22.5 7.99 NA NA NA NA 2
2019 SLSC MMT 48.0 0.910 0.0343 0.0689 0.207 98.0 49.8 10.9 -22.5 8.37 52.9 12.5 -22.2 8.47 2
2019 SLSC MMT 41.0 0.560 0.0276 0.0689 0.207 98.0 52.5 12.2 -22.3 8.93 NA NA NA NA 0
2019 SLSC MMT 49.0 0.910 0.0395 0.0689 0.207 98.0 51.9 9.16 -21.7 7.62 NA NA NA NA 2
2019 SLSC MMT 51.0 1.48 0.0476 0.0689 0.207 98.0 55.6 11.4 -23.3 8.04 NA NA NA NA 2
2019 SLSC MMT 51.0 1.16 0.0519 0.0689 0.207 98.0 48.6 10.8 -21.5 8.34 NA NA NA NA 2
2019 SLSC MMT 39.0 0.420 0.0374 0.0727 0.218 103 54.2 12.0 -22.4 7.99 NA NA NA NA 0
2019 SLSC MMT 60.0 1.83 0.0271 0.0689 0.207 97.0 49.4 10.6 -21.9 7.66 NA NA NA NA 2
2019 SLSC MMT 40.0 0.450 0.0317 0.0727 0.218 103 48.5 11.0 -22.5 7.63 NA NA NA NA 0
2019 NNST MMT 43.0 0.510 0.0275 0.0727 0.218 103 54.6 10.0 -26.5 9.77 NA NA NA NA 0
2019 NNST MMT 49.0 0.760 0.0355 0.0727 0.218 103 49.7 9.07 -25.9 9.33 NA NA NA NA NA
2019 NNST MMT 59.0 1.27 0.0249 0.0689 0.207 97.0 45.8 8.11 -27.6 10.2 NA NA NA NA 0
2019 NNST MMT 57.0 1.52 0.0482 0.0689 0.207 97.0 49.3 9.54 -27.1 10.1 NA NA NA NA 0
2019 NNST MMT 54.0 1.21 0.0352 0.0689 0.207 98.0 62.5 9.65 -28.0 11.4 NA NA NA NA 0
2019 NNST MMT 52.0 0.860 0.0241 0.0689 0.207 97.0 47.2 9.12 -26.3 9.98 NA NA NA NA NA
2019 NNST MMT 54.0 1.27 0.0455 0.0689 0.207 97.0 46.1 8.80 -25.7 10.0 NA NA NA NA 0
2019 SLSC WTL 69.0 2.93 0.0452 0.0689 0.207 98.0 50.6 10.1 -25.4 7.36 NA NA NA NA 3
2019 SLSC WTL 66.0 2.53 0.131 0.0689 0.207 97.0 44.2 11.1 -23.9 8.77 NA NA NA NA 3
2019 SLSC WTL 54.0 1.46 0.0500 0.0689 0.207 98.0 44.1 8.77 -27.5 9.06 NA NA NA NA 2
2020 SLSC MMT 40.0 0.536 0.0217 0.0689 0.207 98.0 59.9 11.9 -20.4 7.10 NA NA NA NA 0
2020 SLSC MMT 37.0 0.417 0.0239 0.0727 0.218 103 52.5 11.3 -19.6 8.02 48.7 10.0 -19.7 7.45 0
2020 SLSC MMT 49.0 1.13 0.0251 0.0689 0.207 98.0 47.9 9.56 -20.5 7.61 NA NA NA NA 1
2020 SLSC MMT 40.0 0.559 0.0159 0.0689 0.207 98.0 52.0 10.1 -19.4 7.67 51.1 10.2 -19.3 7.63 1
2020 SLSC MMT 51.0 1.18 0.0620 0.0689 0.207 98.0 41.5 8.65 -23.6 7.97 NA NA NA NA 1
2020 NNST MMT 30.0 0.193 0.0217 0.0727 0.218 103 52.6 10.7 -24.5 6.86 NA NA NA NA 0
2020 NNST MMT 40.0 0.440 0.0225 0.0727 0.218 103 48.9 11.2 -23.7 7.69 NA NA NA NA 0
2020 SLSC MMT 55.0 1.22 0.0292 0.0689 0.207 98.0 47.8 10.4 -22.0 8.52 NA NA NA NA 1
2020 SLSC MMT 52.0 1.09 0.0265 0.0689 0.207 98.0 47.8 10.0 -21.5 8.73 NA NA NA NA 1
2020 SLSC MMT 51.0 0.999 0.0329 0.0689 0.207 98.0 44.5 8.71 -23.2 7.85 NA NA NA NA 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 SLSC MMT 60.0 1.99 0.0396 0.0689 0.207 97.0 45.2 10.4 -21.0 8.23 NA NA NA NA 2
2020 SLSC MMT 59.0 1.49 0.0282 0.0689 0.207 98.0 41.4 9.82 -23.4 9.90 NA NA NA NA 1
2020 SLSC MMT 51.0 0.984 0.0313 0.0689 0.207 98.0 44.2 9.13 -21.8 8.34 NA NA NA NA 1
2020 SLSC MMT 46.0 0.740 0.0249 0.0689 0.207 98.0 46.1 10.2 -20.0 8.72 NA NA NA NA 1
2020 SLSC MMT 65.0 1.87 0.0665 0.0689 0.207 97.0 53.6 12.7 -21.4 8.85 45.2 10.5 -21.5 8.83 2
2020 SLSC MMT 46.0 0.859 0.0291 0.0689 0.207 98.0 46.1 10.3 -22.1 9.51 NA NA NA NA 1
2020 SLSC MMT 53.0 1.35 0.0380 0.0689 0.207 97.0 49.5 9.58 -21.0 8.45 NA NA NA NA 2
2020 SLSC MMT 37.0 0.362 0.0235 0.0727 0.218 103 52.8 10.9 -20.8 7.84 NA NA NA NA 0
2020 SLSC MMT 51.0 1.21 0.0246 0.0689 0.207 98.0 51.7 9.62 -20.6 8.00 NA NA NA NA 1
2020 SLSC MMT 67.0 2.14 0.0743 0.0689 0.207 97.0 46.8 12.7 -18.7 8.21 NA NA NA NA 2
2020 SLSC MMT 38.0 0.445 0.0553 0.0727 0.218 103 50.4 10.7 -24.6 6.66 NA NA NA NA 0
2020 SLSC MMT 54.0 1.18 0.0585 0.0689 0.207 98.0 48.9 9.64 -25.1 8.53 51.4 10.1 -25.3 8.27 1
2020 SLSC MMT 49.0 0.855 0.0296 0.0689 0.207 98.0 41.6 8.85 -19.9 8.33 NA NA NA NA 1
2020 SLSC MMT 40.0 0.483 0.0247 0.0689 0.207 98.0 44.2 9.11 -20.2 9.51 NA NA NA NA 0
2020 SLSC MMT 51.0 1.20 0.0620 0.0689 0.207 98.0 51.6 9.63 -24.5 7.33 NA NA NA NA 1
2020 SLSC MMT 61.0 1.93 0.0492 0.0689 0.207 98.0 44.7 9.59 -22.4 8.17 NA NA NA NA 3
2020 SLSC MMT 44.0 0.636 0.0426 0.0689 0.207 98.0 49.4 10.2 -21.8 9.18 NA NA NA NA 0
2020 SLSC MMT 47.0 0.887 0.0272 0.0689 0.207 98.0 49.0 9.56 -21.6 7.81 NA NA NA NA 1
2020 SLSC MMT 64.0 1.84 0.0560 0.0689 0.207 98.0 47.3 9.70 -21.7 8.97 NA NA NA NA 2
2020 SLSC MMT 43.0 0.570 0.0313 0.0689 0.207 97.0 52.6 11.0 -19.5 9.01 NA NA NA NA 0
2020 SLSC MMT 55.0 1.39 0.0333 0.0689 0.207 98.0 55.9 11.2 -21.4 9.00 NA NA NA NA 2
2020 SLSC MMT 40.0 0.427 0.0188 0.0689 0.207 98.0 51.0 10.9 -22.5 8.39 NA NA NA NA 0
2020 SLSC MMT 38.0 0.457 0.0192 0.0727 0.218 103 52.7 10.9 -18.3 7.44 NA NA NA NA 0
2020 SLSC MMT 35.0 0.363 0.0211 0.0727 0.218 103 49.0 11.5 -20.9 7.21 NA NA NA NA 0
2020 SLSC MMT 37.0 0.394 0.0194 0.0689 0.207 98.0 42.4 9.28 -20.2 8.14 48.1 10.7 -20.2 8.12 1
2020 NNST MMT 34.0 0.252 0.0196 0.0727 0.218 103 50.3 10.8 -26.5 7.72 49.3 11.1 -26.2 7.65 0
2020 NNST MMT 57.0 1.70 0.0678 0.0689 0.207 97.0 46.5 8.16 -26.7 9.89 NA NA NA NA 0
2020 NNST MMT 57.0 1.12 0.0592 0.0689 0.207 98.0 47.5 6.96 -26.8 10.2 NA NA NA NA 1
2020 NNST MMT 60.0 1.54 0.0323 0.0689 0.207 97.0 49.8 8.54 -27.9 9.60 NA NA NA NA 0
2020 NNST MMT 60.0 1.66 0.0583 0.0689 0.207 97.0 49.1 8.24 -27.3 10.5 NA NA NA NA 0
2020 NNST MMT 55.0 1.10 0.0291 0.0689 0.207 97.0 50.2 9.06 -27.1 8.92 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 SLSC Lake 8 46.0 0.735 0.0310 0.0689 0.207 98.0 50.2 12.1 -20.3 7.80 NA NA NA NA 1
2020 SLSC Lake 8 50.0 1.17 0.0354 0.0689 0.207 97.0 45.0 9.86 -21.4 6.88 NA NA NA NA 3
2020 SLSC Lake 8 35.0 0.389 0.0229 0.0727 0.218 103 44.2 9.96 -17.3 6.09 NA NA NA NA 0
2020 SLSC Lake 8 30.0 0.289 0.0375 0.0689 0.207 98.0 43.7 11.2 -21.8 7.58 NA NA NA NA 0
2020 SLSC Lake 8 37.0 0.557 0.0317 0.0689 0.207 98.0 55.5 10.9 -22.7 7.36 NA NA NA NA 0
2020 SLSC Lake 8 46.0 1.05 0.0225 0.0689 0.207 98.0 53.4 10.8 -21.0 6.88 NA NA NA NA 1
2020 SLSC Lake 8 45.0 0.598 0.0350 0.0689 0.207 97.0 50.7 12.1 -19.6 6.20 NA NA NA NA 1
2020 SLSC Lake 8 51.0 1.14 0.0323 0.0689 0.207 97.0 46.7 11.1 -20.3 7.41 NA NA NA NA 3
2020 SLSC Lake 8 34.0 0.287 0.0280 0.0727 0.218 103 44.0 11.9 -21.6 6.37 NA NA NA NA 0
2020 SLSC Lake 8 45.0 0.630 0.0307 0.0689 0.207 98.0 46.5 11.6 -23.4 8.25 NA NA NA NA 1
2020 SLSC Lake 8 40.0 0.533 0.0529 0.0689 0.207 98.0 45.6 11.3 -26.2 8.50 NA NA NA NA 1
2020 SLSC Lake 8 40.0 0.514 0.0243 0.0689 0.207 97.0 39.0 9.34 -18.2 5.56 NA NA NA NA 1
2020 SLSC Lake 8 60.0 1.77 0.0380 0.0689 0.207 97.0 49.4 10.8 -25.1 8.41 NA NA NA NA 2
2020 SLSC Lake 8 44.0 0.675 0.0467 0.0689 0.207 98.0 48.4 12.4 -22.8 7.71 NA NA NA NA 1
2020 SLSC Lake 8 31.0 0.271 0.0200 0.0727 0.218 103 44.0 11.6 -17.8 6.12 NA NA NA NA 0
2020 SLSC Lake 8 41.0 0.567 0.0277 0.0689 0.207 98.0 44.6 11.2 -19.4 6.73 NA NA NA NA 1
2020 SLSC Lake 8 38.0 0.440 0.0240 0.0689 0.207 98.0 45.8 11.0 -17.9 5.57 44.1 10.8 -17.7 5.61 2
2020 SLSC Lake 8 27.0 0.215 0.0361 0.0727 0.218 103 48.8 12.6 -21.1 7.21 NA NA NA NA 0
2020 SLSC Lake 8 44.0 0.675 0.0370 0.0689 0.207 98.0 50.3 13.1 -22.7 7.74 NA NA NA NA 1
2020 SLSC Lake 8 41.0 0.579 0.0608 0.0689 0.207 98.0 48.8 12.6 -22.2 7.88 NA NA NA NA 1
2020 SLSC Lake 8 53.0 1.16 0.0352 0.0689 0.207 97.0 45.2 11.3 -19.9 7.11 43.4 10.6 -20.0 6.89 2
2020 SLSC Lake 8 51.0 1.01 0.0418 0.0689 0.207 98.0 47.6 11.8 -22.6 7.61 NA NA NA NA 2
2020 SLSC Lake 8 52.0 1.02 0.0328 0.0689 0.207 98.0 49.7 12.0 -23.2 7.81 NA NA NA NA 3
2020 SLSC Lake 8 39.0 0.506 0.0200 0.0689 0.207 98.0 48.8 11.8 -17.3 5.69 NA NA NA NA 1
2020 SLSC Lake 8 44.0 0.731 0.0238 0.0689 0.207 98.0 43.2 10.3 -20.6 6.59 NA NA NA NA 1
2020 SLSC Lake 8 45.0 0.726 0.0447 0.0689 0.207 98.0 46.3 11.7 -22.4 7.50 NA NA NA NA 2
2020 SLSC Lake 8 41.0 0.598 0.0318 0.0689 0.207 98.0 48.1 10.6 -21.4 6.69 NA NA NA NA 1
2020 SLSC Lake 8 30.0 0.266 0.0271 0.0727 0.218 103 47.6 11.7 -18.8 6.78 45.5 11.3 -18.8 6.73 0
2020 SLSC Lake 8 45.0 0.732 0.0391 0.0689 0.207 98.0 44.8 11.6 -22.7 7.46 NA NA NA NA 1
2020 SLSC Lake 8 35.0 0.341 0.0250 0.0689 0.207 98.0 43.7 10.6 -19.8 7.21 47.9 12.1 -19.6 7.12 0
2020 SLSC Lake 8 43.0 0.541 0.0302 0.0689 0.207 98.0 48.6 10.7 -20.8 6.93 NA NA NA NA 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 SLSC Lake 8 31.0 0.262 0.0279 0.0689 0.207 98.0 47.3 11.3 -18.6 6.02 NA NA NA NA 0
2020 SLSC Lake 8 45.0 0.689 0.0293 0.0689 0.207 98.0 48.8 11.8 -21.3 6.61 NA NA NA NA 1
2020 SLSC Lake 8 37.0 0.567 0.0344 0.0689 0.207 98.0 49.7 12.1 -20.9 6.59 NA NA NA NA 1
2020 NNST MMT 41.0 0.446 0.0211 0.0727 0.218 103 50.8 10.0 -26.2 8.17 NA NA NA NA 0
2020 NNST WTL 40.0 0.545 0.305 0.0689 0.207 98.0 37.4 7.74 -30.4 8.40 NA NA NA NA 0
2020 NNST WTL 38.0 0.342 0.312 0.0727 0.218 103 46.8 9.84 -30.6 8.68 NA NA NA NA 0
2020 NNST WTL 38.0 0.361 0.237 0.0689 0.207 98.0 45.9 10.5 -30.5 8.49 NA NA NA NA 0
2020 NNST WTL 40.0 0.522 0.291 0.0689 0.207 98.0 56.6 10.8 -30.8 8.33 NA NA NA NA 0
2020 NNST WTL 36.0 0.293 0.314 0.0727 0.218 103 45.8 10.0 -30.0 8.62 NA NA NA NA 0
2020 NNST WTL 39.0 0.432 0.305 0.0727 0.218 103 49.0 10.2 -29.5 8.32 NA NA NA NA 0
2020 NNST WTL 24.0 0.109 0.311 0.0689 0.207 97.0 48.0 11.8 -27.2 7.89 NA NA NA NA 0
2020 NNST WTL 29.0 0.189 0.316 0.0689 0.207 97.0 42.7 9.85 -28.4 7.95 NA NA NA NA 0
2020 NNST WTL 35.0 0.290 0.156 0.0689 0.207 98.0 43.6 9.21 -25.5 9.45 NA NA NA NA 0
2020 NNST WTL 36.0 0.300 0.275 0.0689 0.207 98.0 51.4 10.6 -29.1 8.20 NA NA NA NA 0
2020 NNST WTL 34.0 0.235 0.297 0.0689 0.207 98.0 49.3 9.91 -29.5 7.61 46.3 9.53 -29.4 7.72 0
2020 NNST WTL 26.0 0.169 0.250 0.0689 0.207 98.0 45.5 10.8 -29.8 7.76 NA NA NA NA 0
2020 NNST WTL 37.0 0.434 0.165 0.0689 0.207 98.0 44.0 9.80 -26.7 9.20 NA NA NA NA 0
2020 NNST WTL 26.0 0.139 0.146 0.0689 0.207 98.0 50.4 12.6 -23.8 9.73 NA NA NA NA 0
2020 NNST WTL 25.0 0.132 0.354 0.0689 0.207 97.0 52.3 11.9 -26.9 8.16 NA NA NA NA 0
2020 NNST WTL 45.0 0.618 0.332 0.0727 0.218 103 46.3 10.1 -30.3 8.87 NA NA NA NA 0
2020 NNST WTL 41.0 0.415 0.265 0.0727 0.218 103 50.1 10.2 -30.2 8.25 NA NA NA NA 0
2020 NNST WTL 47.0 0.666 0.275 0.0727 0.218 103 51.7 9.87 -31.4 9.23 NA NA NA NA 0
2020 NNST WTL 44.0 0.535 0.256 0.0689 0.207 98.0 53.2 10.1 -30.6 8.65 NA NA NA NA 0
2020 NNST WTL 44.0 0.561 0.315 0.0727 0.218 103 56.7 10.6 -31.3 7.80 NA NA NA NA 0
2020 NNST WTL 42.0 0.544 0.322 0.0727 0.218 103 50.8 9.81 -31.2 8.02 NA NA NA NA 0
2020 NNST WTL 31.0 0.222 0.278 0.0727 0.218 103 51.6 12.3 -28.9 8.28 52.5 10.9 -29.6 7.67 0
2020 NNST WTL 51.0 0.928 0.221 0.0689 0.207 97.0 47.1 8.71 -31.7 9.66 NA NA NA NA 0
2020 NNST WTL 45.0 0.585 0.281 0.0689 0.207 98.0 49.5 9.97 -30.5 8.76 NA NA NA NA 0
2020 NNST WTL 44.0 0.551 0.237 0.0689 0.207 98.0 39.0 8.47 -30.8 8.74 NA NA NA NA 0
2020 NNST WTL 43.0 0.510 0.244 0.0689 0.207 98.0 51.1 11.5 -30.0 8.80 NA NA NA NA 0
2020 NNST WTL 32.0 0.226 0.348 0.0689 0.207 98.0 47.0 11.4 -29.4 7.41 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 NNST WTL 40.0 0.413 0.267 0.0689 0.207 98.0 54.5 11.7 -30.3 8.61 NA NA NA NA 0
2020 NNST WTL 40.0 0.441 0.228 0.0689 0.207 98.0 43.9 8.45 -30.8 8.37 51.0 10.1 -30.6 8.58 0
2020 NNST WTL 44.0 0.533 0.279 0.0689 0.207 98.0 48.7 10.9 -28.4 8.83 NA NA NA NA 0
2020 NNST WTL 32.0 0.223 0.225 0.0689 0.207 98.0 47.7 11.0 -29.5 7.96 NA NA NA NA NA
2020 NNST WTL 34.0 0.299 0.211 0.0727 0.218 103 51.1 11.6 -26.6 10.1 NA NA NA NA 0
2020 NNST WTL 36.0 0.400 0.281 0.0689 0.207 98.0 41.2 8.77 -30.2 8.01 NA NA NA NA 0
2020 SLSC WTL 45.0 0.937 0.212 0.0689 0.207 97.0 46.1 9.11 -28.3 8.42 NA NA NA NA 1
2020 SLSC WTL 45.0 0.740 0.268 0.0689 0.207 98.0 49.9 9.83 -28.0 7.45 NA NA NA NA 0
2020 SLSC WTL 54.0 1.45 0.142 0.0689 0.207 98.0 48.1 9.29 -29.0 6.77 NA NA NA NA 1
2020 SLSC WTL 65.0 2.47 0.179 0.0689 0.207 97.0 46.6 9.37 -25.4 7.79 NA NA NA NA 3
2020 SLSC WTL 42.0 0.710 0.0883 0.0689 0.207 98.0 50.8 10.1 -28.5 7.15 NA NA NA NA 2
2020 SLSC WTL 58.0 2.01 0.165 0.0689 0.207 97.0 45.2 8.79 -28.2 7.55 NA NA NA NA 1
2020 SLSC WTL 53.0 1.23 0.217 0.0689 0.207 98.0 47.4 9.68 -28.4 8.42 NA NA NA NA 1
2020 SLSC WTL 54.0 1.57 0.207 0.0689 0.207 98.0 53.0 9.53 -29.6 7.54 NA NA NA NA 1
2020 SLSC WTL 47.0 1.19 0.211 0.0689 0.207 98.0 48.5 8.98 -28.7 7.42 NA NA NA NA 1
2020 SLSC WTL 53.0 1.47 0.183 0.0689 0.207 98.0 55.7 11.4 -28.4 7.60 47.9 10.5 -28.0 7.56 2
2020 SLSC WTL 45.0 0.812 0.216 0.0689 0.207 97.0 41.9 7.78 -28.1 7.87 NA NA NA NA 1
2020 SLSC WTL 37.0 0.515 0.279 0.0727 0.218 103 59.1 10.7 -28.0 7.79 NA NA NA NA 0
2020 SLSC WTL 47.0 0.952 0.228 0.0689 0.207 98.0 49.3 8.13 -28.3 6.82 NA NA NA NA 0
2020 SLSC WTL 54.0 1.63 0.203 0.0689 0.207 98.0 50.0 10.2 -28.6 7.63 NA NA NA NA 1
2020 SLSC WTL 69.0 2.70 0.250 0.0689 0.207 97.0 50.1 11.4 -25.0 9.48 NA NA NA NA 3
2020 SLSC WTL 60.0 2.31 0.180 0.0689 0.207 97.0 51.5 9.31 -31.2 7.87 62.0 10.9 -28.9 7.91 3
2020 SLSC WTL 64.0 2.35 0.154 0.0689 0.207 98.0 40.4 7.89 -29.7 7.59 NA NA NA NA 1
2020 SLSC WTL 59.0 2.12 0.179 0.0689 0.207 98.0 51.2 9.18 -28.3 8.19 NA NA NA NA 1
2020 SLSC WTL 61.0 2.10 0.162 0.0689 0.207 98.0 51.9 10.5 -28.9 6.99 NA NA NA NA 1
2020 SLSC WTL 65.0 2.62 0.251 0.0689 0.207 98.0 47.2 9.99 -26.7 8.28 NA NA NA NA 2
2020 SLSC WTL 61.0 1.96 0.211 0.0689 0.207 98.0 44.7 8.61 -29.3 7.77 NA NA NA NA 2
2020 SLSC WTL 47.0 0.866 0.260 0.0689 0.207 98.0 44.6 8.52 -28.9 7.64 NA NA NA NA 1
2020 SLSC WTL 66.0 2.62 0.189 0.0689 0.207 98.0 39.2 9.02 -26.4 8.18 NA NA NA NA 2
2020 SLSC WTL 52.0 1.28 0.210 0.0689 0.207 97.0 43.6 8.55 -28.3 8.29 NA NA NA NA 1
2020 SLSC WTL 45.0 0.833 0.227 0.0689 0.207 98.0 47.4 9.56 -27.8 7.70 58.4 9.35 -28.7 7.77 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 SLSC WTL 40.0 0.580 0.206 0.0727 0.218 103 53.0 9.87 -27.9 7.37 NA NA NA NA 0
2020 SLSC WTL 54.0 1.54 0.155 0.0689 0.207 98.0 48.7 7.97 -31.1 6.95 NA NA NA NA 1
2020 SLSC WTL 71.0 3.25 0.170 0.0689 0.207 97.0 45.8 8.45 -28.1 8.45 NA NA NA NA 2
2020 SLSC WTL 61.0 2.19 0.195 0.0689 0.207 98.0 45.6 9.05 -28.5 7.42 NA NA NA NA 2
2020 SLSC WTL 45.0 0.794 0.251 0.0689 0.207 98.0 46.0 8.66 -28.6 7.78 NA NA NA NA 0
2020 SLSC WTL 45.0 0.709 0.276 0.0727 0.218 103 52.6 10.1 -28.3 7.82 NA NA NA NA 0
2020 SLSC WTL 43.0 0.636 0.248 0.0727 0.218 103 55.2 10.4 -27.9 7.53 NA NA NA NA 0
2020 SLSC WTL 41.0 0.590 0.296 0.0727 0.218 103 51.5 9.70 -28.1 8.18 NA NA NA NA 0
2020 NNST A20 36.0 0.299 0.0713 0.0689 0.207 99.0 52.9 11.0 -27.4 6.85 NA NA NA NA 0
2020 NNST A20 44.0 0.580 0.113 0.0727 0.218 103 48.2 9.65 -28.5 7.02 NA NA NA NA 0
2020 NNST A20 37.0 0.342 0.242 0.0689 0.207 99.0 42.4 9.84 -25.6 6.34 NA NA NA NA 0
2020 NNST A20 30.0 0.190 0.0436 0.0689 0.207 99.0 47.5 11.2 -26.3 6.49 NA NA NA NA 0
2020 NNST A20 38.0 0.364 0.108 0.0689 0.207 99.0 46.7 9.96 -27.7 6.88 NA NA NA NA 0
2020 NNST A20 44.0 0.592 0.154 0.0689 0.207 99.0 52.3 10.1 -27.2 6.33 49.1 10.0 -26.9 6.42 0
2020 NNST A20 32.0 0.214 0.0646 0.0727 0.218 103 50.1 11.2 -27.3 7.06 NA NA NA NA 0
2020 NNST A20 31.0 0.224 0.0787 0.0727 0.218 103 49.3 11.0 -26.8 7.18 NA NA NA NA 0
2020 NNST A20 40.0 0.358 0.169 0.0689 0.207 99.0 53.3 11.6 -26.8 6.79 NA NA NA NA 0
2020 NNST A20 41.0 0.462 0.286 0.0727 0.218 103 50.3 9.93 -27.7 7.25 53.6 10.4 -27.8 7.36 0
2020 NNST A20 31.0 0.211 0.0777 0.0689 0.207 99.0 47.2 10.2 -26.2 6.67 NA NA NA NA 0
2020 NNST A20 29.0 0.156 0.193 0.0689 0.207 97.0 50.6 11.4 -26.3 5.81 NA NA NA NA 0
2020 NNST A20 36.0 0.280 0.127 0.0689 0.207 99.0 50.4 10.5 -25.5 6.74 NA NA NA NA 0
2020 NNST A20 40.0 0.401 0.291 0.0689 0.207 99.0 53.1 10.4 -29.7 7.19 NA NA NA NA 0
2020 NNST A20 36.0 0.344 0.144 0.0689 0.207 99.0 47.2 10.8 -25.6 6.52 NA NA NA NA 0
2020 NNST A20 32.0 0.242 0.160 0.0689 0.207 99.0 52.9 12.6 -26.2 6.07 NA NA NA NA 0
2020 NNST A20 44.0 0.543 0.0917 0.0689 0.207 99.0 51.0 11.0 -28.0 7.32 NA NA NA NA 0
2020 NNST A20 35.0 0.281 0.463 0.0727 0.218 103 47.4 10.9 -28.9 7.36 NA NA NA NA 0
2020 NNST A20 36.0 0.302 0.197 0.0689 0.207 99.0 48.6 10.4 -27.8 6.96 NA NA NA NA 0
2020 NNST A20 37.0 0.348 0.241 0.0727 0.218 103 49.8 10.4 -27.4 6.63 NA NA NA NA 0
2020 NNST A20 35.0 0.256 0.111 0.0689 0.207 99.0 49.1 11.5 -25.9 7.16 NA NA NA NA 0
2020 NNST A20 35.0 0.260 0.0603 0.0689 0.207 99.0 42.6 9.72 -27.1 6.98 46.3 10.5 -27.1 6.84 0
2020 NNST A20 59.0 1.15 0.0852 0.0689 0.207 97.0 47.4 10.3 -28.0 8.65 NA NA NA NA 0

112



Sample 
Year

Fish 
Species 
Code

Lake 
Name

Fork 
Length 
(mm)

Wet 
Weight 

(g)

THg 
WW 

(mg/kg)

MDL 
(ng)

MRL 
(ng)

IPR avg 
(%) %C %N δ13C δ15N DUP %C DUP %N DUP 

δ13C
DUP 
δ15N

Age 
Estimate

Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 NNST A20 42.0 0.547 0.0860 0.0727 0.218 103 51.5 9.11 -29.4 7.59 NA NA NA NA 0
2020 NNST A20 37.0 0.331 0.0443 0.0689 0.207 99.0 45.0 8.90 -28.7 7.45 NA NA NA NA 0
2020 NNST A20 40.0 0.426 0.196 0.0727 0.218 103 46.9 10.2 -25.9 6.61 NA NA NA NA 0
2020 NNST A20 36.0 0.278 0.130 0.0689 0.207 99.0 51.4 12.6 -26.0 6.88 NA NA NA NA 0
2020 NNST A20 50.0 0.782 0.124 0.0689 0.207 97.0 51.3 9.85 -29.4 7.77 NA NA NA NA 0
2020 NNST A20 43.0 0.442 0.117 0.0727 0.218 103 49.3 10.7 -28.2 7.36 NA NA NA NA 0
2020 NNST A20 39.0 0.334 0.207 0.0727 0.218 103 51.5 11.2 -27.4 6.27 NA NA NA NA 0
2020 NNST A20 29.0 0.199 0.117 0.0689 0.207 99.0 50.0 12.7 -25.6 6.24 NA NA NA NA 0
2020 NNST A20 35.0 0.297 0.0950 0.0689 0.207 99.0 47.3 9.47 -30.0 8.24 NA NA NA NA 0
2020 NNST A20 34.0 0.229 0.129 0.0689 0.207 99.0 52.3 11.4 -26.9 6.62 NA NA NA NA 0
2020 NNST A20 34.0 0.266 0.162 0.0689 0.207 99.0 41.7 9.81 -27.0 6.99 NA NA NA NA 0
2020 NNST A20 37.0 0.308 0.203 0.0689 0.207 99.0 46.5 10.4 -26.2 6.64 NA NA NA NA 0
2020 SLSC A20 39.0 0.463 0.0846 0.0689 0.207 99.0 47.4 10.4 -24.6 5.75 NA NA NA NA 1
2020 SLSC A20 44.0 0.743 0.197 0.0689 0.207 99.0 39.9 8.67 -25.4 5.89 NA NA NA NA 2
2020 SLSC A20 54.0 1.36 0.116 0.0689 0.207 99.0 53.0 11.1 -25.1 5.82 45.9 9.86 -24.9 5.76 1
2020 SLSC A20 48.0 0.926 0.110 0.0689 0.207 99.0 43.9 9.23 -23.3 6.17 NA NA NA NA 1
2020 SLSC A20 46.0 0.797 0.112 0.0689 0.207 99.0 51.8 11.3 -25.0 6.29 NA NA NA NA 1
2020 SLSC A20 40.0 0.499 0.105 0.0689 0.207 99.0 46.4 9.40 -24.1 5.15 NA NA NA NA 0
2020 SLSC A20 37.0 0.463 0.176 0.0727 0.218 103 49.8 10.6 -24.2 5.75 NA NA NA NA 0
2020 SLSC A20 36.0 0.364 0.0514 0.0727 0.218 103 46.8 10.8 -24.1 5.15 NA NA NA NA 0
2020 SLSC A20 35.0 0.351 0.114 0.0727 0.218 103 46.0 10.1 -24.7 4.93 NA NA NA NA 0
2020 SLSC A20 37.0 0.437 0.0827 0.0689 0.207 99.0 44.9 9.81 -23.7 5.82 NA NA NA NA 0
2020 SLSC A20 37.0 0.422 0.0549 0.0689 0.207 99.0 52.2 11.3 -21.8 4.72 NA NA NA NA 0
2020 SLSC A20 35.0 0.332 0.0602 0.0689 0.207 99.0 52.2 11.0 -23.6 5.94 NA NA NA NA 1
2020 SLSC A20 38.0 0.438 0.144 0.0689 0.207 99.0 56.3 11.6 -24.5 4.92 NA NA NA NA 0
2020 SLSC A20 44.0 0.766 0.108 0.0689 0.207 99.0 43.6 9.34 -23.9 6.69 NA NA NA NA 1
2020 SLSC A20 53.0 1.31 0.0919 0.0689 0.207 97.0 51.9 9.63 -25.9 6.47 NA NA NA NA 2
2020 SLSC A20 36.0 0.410 0.0770 0.0689 0.207 99.0 53.2 12.1 -23.6 6.21 NA NA NA NA 0
2020 SLSC A20 31.0 0.326 0.0712 0.0727 0.218 103 48.5 10.5 -22.3 5.39 49.9 11.4 -22.0 5.23 0
2020 SLSC A20 40.0 0.549 0.152 0.0689 0.207 97.0 50.3 10.7 -25.1 6.17 NA NA NA NA 1
2020 SLSC A20 68.0 2.72 0.117 0.0689 0.207 97.0 48.3 10.4 -24.1 7.63 NA NA NA NA 3
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 SLSC A20 35.0 0.430 0.133 0.0689 0.207 99.0 51.1 11.8 -24.0 5.41 44.8 10.4 -23.8 5.44 0
2020 SLSC A20 45.0 0.775 0.0587 0.0689 0.207 97.0 45.8 9.31 -23.3 6.05 NA NA NA NA 1
2020 SLSC A20 47.0 1.02 0.112 0.0689 0.207 99.0 55.2 11.2 -24.7 5.61 NA NA NA NA 1
2020 SLSC A20 32.0 0.346 0.0549 0.0727 0.218 103 46.0 11.2 -21.2 4.74 NA NA NA NA 0
2020 SLSC A20 43.0 0.664 0.0501 0.0689 0.207 99.0 50.4 10.9 -21.5 5.57 NA NA NA NA 1
2020 SLSC A20 55.0 1.77 0.0600 0.0689 0.207 97.0 44.1 9.11 -22.9 5.95 46.6 9.88 -23.0 5.96 4
2020 SLSC A20 39.0 0.493 0.0412 0.0689 0.207 99.0 48.9 10.8 -22.7 5.29 NA NA NA NA 0
2020 SLSC A20 40.0 0.484 0.0645 0.0689 0.207 99.0 47.4 9.88 -24.8 5.82 NA NA NA NA 0
2020 SLSC A20 38.0 0.522 0.0854 0.0689 0.207 99.0 49.1 11.0 -23.2 5.64 NA NA NA NA 0
2020 SLSC A20 36.0 0.400 0.106 0.0689 0.207 99.0 45.3 10.8 -26.0 5.61 NA NA NA NA 0
2020 SLSC A20 43.0 0.630 0.112 0.0689 0.207 99.0 46.3 10.6 -23.9 5.63 NA NA NA NA 1
2020 SLSC A20 49.0 1.09 0.097 0.0689 0.207 97.0 47.5 10.2 -24.5 6.41 NA NA NA NA NA
2020 SLSC A20 56.0 1.54 0.0789 0.0689 0.207 99.0 48.7 11.0 -23.4 6.58 NA NA NA NA 3
2020 SLSC A20 40.0 0.576 0.0664 0.0689 0.207 99.0 58.4 12.4 -23.4 5.37 NA NA NA NA 0
2020 SLSC A20 38.0 0.466 0.0474 0.0689 0.207 99.0 49.3 11.8 -24.5 7.23 50.4 12.3 -24.5 7.41 0
2020 SLSC A20 34.0 0.447 0.128 0.0689 0.207 99.0 48.1 10.6 -24.5 5.02 NA NA NA NA 0
2020 SLSC A20 47.0 0.952 0.104 0.0689 0.207 99.0 51.7 12.6 -22.8 5.60 NA NA NA NA 1
2020 SLSC A20 38.0 0.430 0.0771 0.0689 0.207 99.0 43.7 10.4 -24.2 5.59 NA NA NA NA 0
2020 NNST A65 59.0 1.81 0.127 0.0825 0.248 101 42.1 8.07 -26.5 8.43 NA NA NA NA 0
2020 NNST A65 45.0 0.583 0.108 0.0825 0.248 101 42.0 8.04 -29.3 8.04 NA NA NA NA 0
2020 NNST A65 46.0 0.673 0.129 0.0825 0.248 101 44.3 9.13 -28.0 8.18 NA NA NA NA 0
2020 NNST A65 35.0 0.336 0.214 0.0727 0.218 103 53.7 11.9 -28.5 7.28 NA NA NA NA 0
2020 NNST A65 51.0 0.989 0.146 0.0825 0.248 101 52.0 9.70 -29.6 8.26 NA NA NA NA 0
2020 NNST A65 38.0 0.385 0.0796 0.0727 0.218 103 50.8 10.4 -26.8 7.45 NA NA NA NA 0
2020 NNST A65 39.0 0.478 0.0598 0.0825 0.248 101 44.3 8.69 -26.8 7.31 NA NA NA NA 0
2020 NNST A65 36.0 0.406 0.100 0.0825 0.248 101 49.7 10.6 -27.1 7.76 NA NA NA NA 0
2020 NNST A65 36.0 0.395 0.119 0.0727 0.218 103 52.9 10.4 -26.7 7.18 NA NA NA NA 0
2020 NNST A65 46.0 0.810 0.144 0.0727 0.218 103 53.3 9.81 -28.2 7.38 NA NA NA NA 0
2020 NNST A65 39.0 0.457 0.127 0.0825 0.248 101 51.1 8.84 -30.6 8.60 49.3 8.16 -31.0 8.36 0
2020 NNST A65 33.0 0.264 0.253 0.0727 0.218 103 51.2 10.9 -29.5 7.96 NA NA NA NA 0
2020 NNST A65 41.0 0.504 0.315 0.0825 0.248 101 48.3 10.1 -30.3 8.82 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 NNST A65 42.0 0.520 0.108 0.0825 0.248 101 48.4 8.91 -29.8 7.44 NA NA NA NA 0
2020 NNST A65 45.0 0.582 0.179 0.0727 0.218 103 48.9 9.91 -28.8 7.46 NA NA NA NA 0
2020 NNST A65 38.0 0.440 0.245 0.0825 0.248 101 46.5 10.5 -29.2 7.82 NA NA NA NA 0
2020 NNST A65 43.0 0.569 0.292 0.0727 0.218 103 51.8 9.55 -30.5 8.40 NA NA NA NA NA
2020 NNST A65 39.0 0.494 0.276 0.0825 0.248 101 47.9 10.1 -30.0 8.14 NA NA NA NA 0
2020 NNST A65 46.0 0.669 0.148 0.0825 0.248 101 48.9 8.68 -30.1 8.21 NA NA NA NA 0
2020 NNST A65 39.0 0.471 0.224 0.0825 0.248 101 53.3 11.0 -30.2 7.98 NA NA NA NA 0
2020 NNST A65 40.0 0.411 0.183 0.0825 0.248 101 41.0 7.25 -30.2 7.06 NA NA NA NA 0
2020 NNST A65 32.0 0.270 0.108 0.0825 0.248 101 56.2 11.2 -27.5 7.15 NA NA NA NA 0
2020 NNST A65 38.0 0.472 0.140 0.0825 0.248 101 56.9 9.15 -30.8 8.28 NA NA NA NA 0
2020 NNST A65 35.0 0.265 0.200 0.0825 0.248 101 49.8 10.2 -28.6 8.27 47.0 11.8 -27.3 8.46 0
2020 NNST A65 30.0 0.224 0.232 0.0689 0.207 97.0 47.0 10.5 -28.3 8.13 NA NA NA NA 0
2020 NNST A65 40.0 0.404 0.175 0.0825 0.248 101 46.0 8.86 -28.7 7.96 NA NA NA NA 0
2020 NNST A65 38.0 0.366 0.133 0.0825 0.248 101 47.5 9.36 -29.2 7.46 NA NA NA NA 0
2020 NNST A65 36.0 0.295 0.0626 0.0825 0.248 101 48.2 9.79 -27.2 8.74 NA NA NA NA 0
2020 NNST A65 38.0 0.396 0.141 0.0825 0.248 101 47.5 10.2 -27.7 7.80 NA NA NA NA 0
2020 NNST A65 39.0 0.415 0.0923 0.0825 0.248 101 49.6 9.71 -28.6 8.26 NA NA NA NA 0
2020 NNST A65 42.0 0.452 0.150 0.0727 0.218 103 50.2 11.0 -26.1 7.47 NA NA NA NA 0
2020 NNST A65 41.0 0.405 0.142 0.0727 0.218 103 54.6 10.7 -28.8 8.06 52.2 10.1 -29.0 7.97 0
2020 NNST A65 35.0 0.389 0.216 0.0825 0.248 101 42.8 9.62 -27.9 7.74 NA NA NA NA 0
2020 NNST A65 31.0 0.195 0.097 0.0727 0.218 103 49.5 11.5 -25.9 8.35 NA NA NA NA NA
2020 NNST A65 32.0 0.270 0.0697 0.0825 0.248 101 44.0 10.3 -24.8 7.48 NA NA NA NA 0
2020 SLSC A65 23.0 0.150 0.0892 0.0689 0.207 97.0 41.7 9.17 -24.3 7.02 NA NA NA NA 0
2020 SLSC A65 27.0 0.236 0.110 0.0825 0.248 101 51.3 10.9 -27.4 7.63 NA NA NA NA 0
2020 SLSC A65 27.0 0.240 0.128 0.0825 0.248 101 52.5 10.5 -27.1 7.36 NA NA NA NA 0
2020 SLSC A65 26.0 0.199 0.0673 0.0689 0.207 97.0 45.1 10.2 -20.9 5.85 NA NA NA NA 0
2020 SLSC A65 26.0 0.205 0.095 0.0825 0.248 101 50.7 10.2 -24.0 5.96 45.2 8.45 -24.3 5.79 0
2020 SLSC A65 26.0 0.193 0.109 0.0825 0.248 101 54.3 10.8 -25.8 5.99 NA NA NA NA 0
2020 SLSC A65 23.0 0.121 0.0878 0.0825 0.248 101 48.7 10.9 -24.4 5.89 NA NA NA NA 0
2020 SLSC A65 25.0 0.172 0.0886 0.0689 0.207 97.0 47.2 10.3 -23.3 5.83 NA NA NA NA 0
2020 SLSC A65 25.0 0.169 0.100 0.0825 0.248 101 46.2 9.63 -25.0 5.69 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 SLSC A65 42.0 0.884 0.128 0.0727 0.218 103 53.2 10.3 -26.1 6.44 NA NA NA NA 0
2020 SLSC A65 47.0 1.10 0.0852 0.0825 0.248 101 50.2 10.5 -23.6 5.85 NA NA NA NA 1
2020 SLSC A65 49.0 1.26 0.115 0.0825 0.248 101 49.0 9.46 -27.5 7.68 NA NA NA NA 2
2020 SLSC A65 44.0 0.801 0.132 0.0727 0.218 103 55.5 9.56 -28.3 6.07 NA NA NA NA 0
2020 SLSC A65 42.0 0.868 0.122 0.0727 0.218 103 57.3 10.5 -26.3 7.45 NA NA NA NA 1
2020 SLSC A65 26.0 0.208 0.0869 0.0825 0.248 101 49.4 10.8 -23.1 5.91 NA NA NA NA 0
2020 SLSC A65 45.0 1.03 0.127 0.0727 0.218 103 50.1 9.65 -27.6 7.30 NA NA NA NA 1
2020 SLSC A65 47.0 0.924 0.129 0.0825 0.248 101 49.4 10.2 -25.7 6.97 NA NA NA NA 1
2020 SLSC A65 47.0 0.985 0.108 0.0825 0.248 101 48.5 9.37 -27.7 6.81 NA NA NA NA 1
2020 SLSC A65 51.0 1.19 0.144 0.0689 0.207 97.0 46.8 8.23 -28.4 6.63 NA NA NA NA 2
2020 SLSC A65 54.0 1.67 0.108 0.0825 0.248 101 53.3 9.85 -27.6 6.29 NA NA NA NA 1
2020 SLSC A65 54.0 1.93 0.133 0.0689 0.207 97.0 44.0 7.89 -28.0 7.09 NA NA NA NA 1
2020 SLSC A65 61.0 2.41 0.129 0.0825 0.248 101 54.2 10.7 -27.8 7.15 53.1 10.5 -27.8 7.13 1
2020 SLSC A65 57.0 2.13 0.114 0.0825 0.248 101 48.2 9.13 -27.4 6.91 NA NA NA NA 1
2020 SLSC A65 45.0 1.15 0.143 0.0825 0.248 101 50.2 9.67 -26.8 6.68 NA NA NA NA 1
2020 SLSC A65 70.0 2.76 0.117 0.0825 0.248 101 44.7 10.5 -24.7 7.50 NA NA NA NA 3
2020 SLSC A65 47.0 1.02 0.109 0.0825 0.248 101 51.8 10.2 -27.9 6.40 NA NA NA NA 1
2020 SLSC A65 48.0 0.992 0.139 0.0825 0.248 101 50.1 9.01 -28.2 6.15 NA NA NA NA 1
2020 SLSC A65 51.0 1.38 0.124 0.0825 0.248 101 59.2 10.9 -28.0 6.42 NA NA NA NA 1
2020 SLSC A65 66.0 2.90 0.101 0.0689 0.207 97.0 49.5 10.2 -25.5 8.57 NA NA NA NA NA
2020 SLSC A65 64.0 2.35 0.110 0.0825 0.248 101 37.7 8.12 -25.1 7.46 NA NA NA NA 2
2020 SLSC A65 45.0 0.764 0.121 0.0727 0.218 103 50.5 10.4 -26.3 7.20 NA NA NA NA 1
2020 SLSC A65 62.0 2.24 0.104 0.0825 0.248 101 53.1 11.2 -26.2 6.92 NA NA NA NA 1
2020 SLSC A65 24.0 0.180 0.151 0.0689 0.207 97.0 49.1 10.5 -25.6 5.56 NA NA NA NA 0
2020 SLSC A65 60.0 2.16 0.115 0.0689 0.207 97.0 40.0 7.72 -27.7 7.03 51.8 10.8 -27.5 7.31 2
2020 SLSC A65 62.0 2.14 0.108 0.0689 0.207 97.0 48.6 9.80 -25.5 7.89 NA NA NA NA 2
2020 SLSC A44 51.0 1.04 0.0398 0.0667 0.200 98.0 45.1 10.2 -20.1 7.36 NA NA NA NA 2
2020 SLSC A44 58.0 1.48 0.0429 0.0667 0.200 98.0 41.9 9.64 -21.2 7.72 NA NA NA NA 2
2020 SLSC A44 42.0 0.516 0.0249 0.0689 0.207 97.0 45.8 9.94 -20.9 6.08 NA NA NA NA 2
2020 SLSC A44 53.0 1.17 0.0410 0.0689 0.207 97.0 49.1 11.5 -21.6 7.69 NA NA NA NA 1
2020 SLSC A44 49.0 0.873 0.0353 0.0667 0.200 98.0 50.7 11.9 -20.1 7.65 NA NA NA NA 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 SLSC A44 70.0 2.53 0.0792 0.0689 0.207 97.0 43.0 11.1 -20.8 8.87 NA NA NA NA 4
2020 SLSC A44 47.0 0.757 0.0384 0.0689 0.207 97.0 49.8 10.9 -20.0 8.01 NA NA NA NA 1
2020 SLSC A44 46.0 0.818 0.0326 0.0667 0.200 98.0 51.4 11.6 -21.0 7.15 NA NA NA NA 1
2020 SLSC A44 33.0 0.333 0.0340 0.0727 0.218 103 47.9 12.3 -19.1 6.58 NA NA NA NA 0
2020 SLSC A44 59.0 1.71 0.0444 0.0667 0.200 98.0 50.4 10.9 -20.8 7.48 NA NA NA NA 2
2020 SLSC A44 56.0 1.57 0.0363 0.0667 0.200 98.0 53.4 11.6 -20.8 6.36 NA NA NA NA 3
2020 SLSC A44 41.0 0.577 0.0336 0.0667 0.200 98.0 51.8 12.0 -20.7 6.88 45.4 8.70 -21.7 6.75 1
2020 SLSC A44 42.0 0.559 0.0270 0.0667 0.200 98.0 49.8 10.5 -21.3 8.43 NA NA NA NA 1
2020 SLSC A44 62.0 2.01 0.0387 0.0667 0.200 98.0 48.8 10.8 -19.8 8.64 NA NA NA NA 2
2020 SLSC A44 61.0 1.72 0.0362 0.0667 0.200 98.0 42.8 9.79 -18.3 8.38 NA NA NA NA 3
2020 SLSC A44 62.0 2.00 0.0611 0.0689 0.207 97.0 45.1 11.0 -20.6 7.64 NA NA NA NA 3
2020 SLSC A44 57.0 1.63 0.0261 0.0667 0.200 98.0 43.4 9.92 -19.6 8.15 NA NA NA NA 1
2020 SLSC A44 36.0 0.375 0.0477 0.0727 0.218 103 52.2 11.8 -21.2 6.48 NA NA NA NA 0
2020 SLSC A44 66.0 2.01 0.0815 0.0689 0.207 97.0 44.9 11.3 -20.2 7.74 NA NA NA NA 3
2020 SLSC A44 58.0 1.51 0.0659 0.0689 0.207 97.0 52.8 11.9 -20.6 8.03 NA NA NA NA 3
2020 SLSC A44 45.0 0.683 0.0386 0.0667 0.200 98.0 50.3 10.7 -20.4 6.64 NA NA NA NA 1
2020 SLSC A44 40.0 0.488 0.0256 0.0667 0.200 98.0 51.3 12.2 -21.4 7.66 NA NA NA NA 0
2020 SLSC A44 40.0 0.516 0.0311 0.0689 0.207 97.0 43.4 10.3 -20.8 6.93 NA NA NA NA 0
2020 SLSC A44 32.0 0.448 0.0331 0.0727 0.218 103 49.2 11.4 -20.8 6.50 NA NA NA NA 0
2020 SLSC A44 50.0 0.980 0.0342 0.0689 0.207 97.0 45.7 9.67 -21.8 7.72 38.2 7.99 -21.8 7.80 1
2020 SLSC A44 44.0 0.726 0.0308 0.0667 0.200 98.0 47.2 10.0 -21.2 6.94 NA NA NA NA 1
2020 SLSC A44 35.0 0.391 0.0355 0.0727 0.218 103 49.3 11.7 -21.0 7.01 54.0 12.7 -20.9 6.98 0
2020 SLSC A44 42.0 0.617 0.0230 0.0667 0.200 98.0 34.4 5.53 -18.9 6.95 NA NA NA NA 1
2020 SLSC A44 45.0 0.773 0.0391 0.0667 0.200 98.0 46.3 10.1 -20.1 7.45 NA NA NA NA 1
2020 SLSC A44 49.0 0.924 0.0341 0.0667 0.200 98.0 56.2 10.9 -20.4 6.92 47.3 10.9 -19.6 7.19 1
2020 SLSC A44 40.0 0.571 0.0264 0.0667 0.200 98.0 44.5 10.6 -21.0 6.57 NA NA NA NA 1
2020 SLSC A44 45.0 0.792 0.0417 0.0667 0.200 98.0 45.2 8.70 -22.1 7.30 NA NA NA NA 1
2020 SLSC A44 35.0 0.344 0.0382 0.0727 0.218 103 48.0 10.1 -20.5 5.95 NA NA NA NA 0
2020 SLSC A44 56.0 1.43 0.0473 0.0667 0.200 98.0 45.5 11.9 -22.3 6.35 NA NA NA NA 2
2020 NNST A44 59.0 1.33 0.0388 0.0689 0.207 97.0 49.2 7.87 -27.8 9.17 NA NA NA NA 0
2020 NNST A44 61.0 1.18 0.0395 0.0689 0.207 97.0 47.6 8.19 -29.6 9.58 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 NNST A44 45.0 0.522 0.0379 0.0727 0.218 103 49.7 10.9 -27.2 8.78 NA NA NA NA 0
2020 SLSC B03 34.0 0.343 0.0192 0.0727 0.218 103 50.5 11.4 -19.0 4.72 NA NA NA NA 0
2020 SLSC B03 41.0 0.547 0.0233 0.0667 0.200 98.0 50.4 12.5 -19.7 5.95 NA NA NA NA 1
2020 SLSC B03 37.0 0.418 0.0223 0.0727 0.218 103 47.4 11.9 -21.9 6.75 NA NA NA NA 0
2020 SLSC B03 39.0 0.510 0.0305 0.0667 0.200 98.0 41.0 9.16 -21.7 7.91 NA NA NA NA 1
2020 SLSC B03 41.0 0.636 0.0238 0.0667 0.200 98.0 46.7 11.3 -23.2 7.13 NA NA NA NA 1
2020 SLSC B03 39.0 0.455 0.0391 0.0727 0.218 103 49.3 10.6 -22.7 6.53 NA NA NA NA 0
2020 SLSC B03 37.0 0.381 0.0236 0.0667 0.200 98.0 51.3 13.7 -21.9 6.67 NA NA NA NA 1
2020 SLSC B03 51.0 1.08 0.0378 0.0667 0.200 98.0 45.8 10.0 -23.5 6.66 NA NA NA NA 1
2020 SLSC B03 56.0 1.47 0.0484 0.0667 0.200 98.0 40.4 7.32 -21.7 6.95 NA NA NA NA 2
2020 SLSC B03 36.0 0.481 0.0162 0.0667 0.200 98.0 57.7 14.5 -22.5 7.35 46.6 11.2 -22.7 7.26 0
2020 SLSC B03 39.0 0.487 0.0353 0.0667 0.200 98.0 48.6 10.3 -23.6 6.26 NA NA NA NA 1
2020 SLSC B03 40.0 0.509 0.0183 0.0667 0.200 98.0 49.4 12.5 -21.6 6.64 NA NA NA NA 1
2020 SLSC B03 42.0 0.591 0.0261 0.0667 0.200 98.0 50.1 11.7 -21.6 6.30 NA NA NA NA 1
2020 SLSC B03 58.0 1.63 0.0556 0.0689 0.207 97.0 45.3 10.9 -20.8 7.31 NA NA NA NA 3
2020 SLSC B03 44.0 0.605 0.0164 0.0689 0.207 97.0 41.7 9.07 -22.8 7.82 NA NA NA NA 1
2020 SLSC B03 41.0 0.603 0.0111 0.0667 0.200 98.0 39.7 9.59 -22.6 6.99 NA NA NA NA 1
2020 SLSC B03 56.0 1.45 0.0404 0.0689 0.207 97.0 42.8 8.90 -23.7 7.10 NA NA NA NA 3
2020 SLSC B03 51.0 1.08 0.0225 0.0667 0.200 98.0 48.6 10.1 -22.3 7.27 NA NA NA NA 1
2020 SLSC B03 40.0 0.510 0.0169 0.0667 0.200 98.0 44.2 10.6 -23.5 7.72 NA NA NA NA 1
2020 SLSC B03 37.0 0.525 0.0319 0.0667 0.200 98.0 42.9 10.6 -23.4 6.46 NA NA NA NA 1
2020 SLSC B03 34.0 0.362 0.0187 0.0667 0.200 98.0 43.6 10.8 -19.0 5.62 NA NA NA NA 0
2020 SLSC B03 40.0 0.542 0.0318 0.0667 0.200 98.0 55.1 12.3 -24.2 6.45 NA NA NA NA 0
2020 SLSC B03 38.0 0.511 0.0217 0.0727 0.218 103 50.0 11.0 -20.2 5.73 NA NA NA NA 0
2020 SLSC B03 37.0 0.529 0.0460 0.0727 0.218 103 47.9 11.0 -20.2 5.53 NA NA NA NA 0
2020 SLSC B03 60.0 1.95 0.0385 0.0689 0.207 97.0 45.2 9.42 -21.6 6.95 NA NA NA NA 3
2020 SLSC B03 40.0 0.515 0.0195 0.0667 0.200 98.0 45.0 11.1 -24.8 7.28 49.9 12.7 -24.8 7.23 1
2020 SLSC B03 40.0 0.515 0.0354 0.0667 0.200 98.0 45.4 10.4 -21.9 5.96 NA NA NA NA 1
2020 SLSC B03 50.0 1.01 0.0323 0.0689 0.207 97.0 44.1 10.1 -21.6 6.56 NA NA NA NA 1
2020 SLSC B03 40.0 0.479 0.0219 0.0667 0.200 98.0 54.9 13.3 -22.1 6.84 NA NA NA NA 1
2020 SLSC B03 39.0 0.503 0.0316 0.0667 0.200 98.0 50.2 11.4 -23.0 6.48 NA NA NA NA 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 SLSC B03 41.0 0.526 0.0340 0.0689 0.207 97.0 47.2 11.7 -23.0 6.91 NA NA NA NA 1
2020 SLSC B03 39.0 0.468 0.0199 0.0667 0.200 98.0 52.6 11.9 -22.6 6.75 NA NA NA NA 1
2020 SLSC B03 41.0 0.578 0.0247 0.0667 0.200 98.0 44.0 8.06 -21.6 5.66 NA NA NA NA 0
2020 SLSC B03 87.0 6.62 0.0422 0.0689 0.207 97.0 43.6 8.72 -26.5 7.73 51.3 10.6 -26.3 7.37 4
2020 NNST B03 45.0 0.595 0.0165 0.0727 0.218 103 49.6 10.7 -28.1 8.33 51.5 9.67 -28.9 8.53 0
2021 SLSC A20 61.9 2.00 0.134 0.0825 0.248 101 53.3 9.90 -25.7 6.54 NA NA NA NA 1
2021 SLSC A20 45.2 0.700 0.099 0.0825 0.248 101 46.0 9.39 -22.8 7.19 NA NA NA NA 1
2021 SLSC A20 44.8 0.600 0.0801 0.0825 0.248 101 43.5 9.35 -21.8 6.22 NA NA NA NA 1
2021 SLSC A20 33.8 0.300 0.133 0.0825 0.248 101 49.5 10.2 -23.9 7.04 NA NA NA NA 0
2021 SLSC A20 33.2 0.200 0.110 0.0825 0.248 101 47.6 10.5 -23.1 6.93 NA NA NA NA 0
2021 NNST A20 67.1 2.60 0.180 0.0825 0.248 101 54.0 9.27 -27.8 8.77 NA NA NA NA 0
2021 NNST A20 61.3 1.40 0.416 0.0825 0.248 101 40.8 8.83 -27.0 9.34 NA NA NA NA 0
2021 NNST A20 52.8 0.900 0.210 0.0825 0.248 101 53.5 10.2 -27.4 8.77 55.4 10.8 -27.2 8.69 0
2021 NNST A20 59.1 1.10 0.130 0.0825 0.248 101 51.0 10.2 -27.2 8.84 NA NA NA NA 0
2021 NNST A20 45.5 0.400 0.171 0.0825 0.248 101 50.3 10.2 -28.1 9.02 NA NA NA NA 0
2021 NNST A20 65.2 2.00 0.218 0.0825 0.248 101 49.6 10.8 -27.2 9.26 NA NA NA NA 1
2021 NNST A20 55.1 1.20 0.223 0.0825 0.248 101 50.2 11.0 -26.9 8.87 NA NA NA NA 0
2021 NNST A20 55.9 1.00 0.136 0.0825 0.248 101 48.8 8.78 -27.5 8.69 NA NA NA NA 0
2021 NNST A20 52.3 1.10 0.182 0.0825 0.248 101 52.2 10.6 -27.6 9.10 NA NA NA NA 0
2021 NNST A20 53.3 1.00 0.129 0.0825 0.248 101 43.1 8.18 -26.3 8.55 NA NA NA NA 0
2021 NNST A20 45.4 0.500 0.162 0.0825 0.248 101 51.8 10.5 -26.6 8.80 NA NA NA NA 0
2021 NNST A20 62.6 1.20 0.298 0.0825 0.248 101 50.2 9.01 -26.9 9.19 NA NA NA NA 0
2021 NNST A20 55.1 1.00 0.432 0.0825 0.248 101 46.1 9.82 -27.0 8.88 48.6 9.30 -27.3 8.72 0
2021 NNST A20 55.4 1.00 0.144 0.0825 0.248 101 53.2 10.0 -27.6 9.39 NA NA NA NA 0
2021 NNST A20 65.2 1.40 0.172 0.0825 0.248 101 36.0 7.04 -27.0 8.43 NA NA NA NA 0
2021 NNST A20 60.7 1.20 0.221 0.0825 0.248 101 54.7 10.5 -27.0 8.61 NA NA NA NA 0
2021 NNST A20 61.0 1.30 0.162 0.0825 0.248 101 50.6 10.1 -26.4 9.44 NA NA NA NA 0
2021 NNST A20 52.3 0.900 0.211 0.0825 0.248 101 37.1 6.23 -27.4 8.24 NA NA NA NA 0
2021 NNST A20 51.2 0.900 0.180 0.0825 0.248 101 52.2 9.49 -27.7 7.92 NA NA NA NA 0
2021 SLSC A20 49.1 0.900 0.0812 0.0825 0.248 101 50.8 9.76 -23.3 6.04 NA NA NA NA 1
2021 SLSC A65 71.0 3.30 0.120 0.0825 0.248 101 53.1 11.2 -24.3 7.32 NA NA NA NA 3
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2021 SLSC A65 44.9 0.600 0.099 0.0825 0.248 101 54.6 10.8 -26.5 8.48 NA NA NA NA 0
2021 SLSC A65 62.8 1.80 0.162 0.0825 0.248 101 49.7 8.96 -24.1 7.47 52.4 11.0 -23.7 7.87 2
2021 SLSC A65 77.3 3.80 0.286 0.0825 0.248 101 45.4 11.0 -24.8 8.12 NA NA NA NA 3
2021 SLSC A65 74.0 3.60 0.199 0.0825 0.248 101 49.5 9.39 -25.6 7.47 NA NA NA NA 2
2021 SLSC A65 82.1 4.20 0.106 0.0825 0.248 101 43.1 11.3 -20.7 8.06 NA NA NA NA 3
2021 SLSC A65 44.9 0.700 0.172 0.0825 0.248 101 51.0 11.0 -26.4 7.60 NA NA NA NA 0
2021 SLSC A65 40.0 0.600 0.216 0.0825 0.248 101 45.6 8.99 -27.4 7.15 NA NA NA NA 0
2021 SLSC A65 61.0 1.60 0.105 0.0825 0.248 101 45.0 9.40 -23.5 7.65 NA NA NA NA 1
2021 SLSC A65 47.1 0.700 0.183 0.0825 0.248 101 47.1 8.13 -27.5 8.10 NA NA NA NA 0
2021 SLSC A65 53.1 1.10 0.123 0.0825 0.248 101 56.9 12.1 -25.9 6.73 NA NA NA NA 1
2021 SLSC A65 42.1 0.600 0.120 0.0825 0.248 101 46.0 9.75 -26.1 7.71 NA NA NA NA 0
2021 NNST A65 59.4 1.20 0.180 0.0825 0.248 101 42.7 7.40 -27.2 8.91 NA NA NA NA 0
2021 NNST A65 60.1 1.20 0.283 0.0689 0.207 95.0 49.3 9.34 -27.5 9.03 53.3 8.81 -28.0 9.24 0
2021 NNST A65 NA NA 0.513 0.0825 0.248 101 43.7 9.92 -28.8 10.2 NA NA NA NA 0
2021 SLSC A44 37.0 0.300 0.0399 0.0825 0.248 101 51.0 11.4 -22.6 7.11 NA NA NA NA 0
2021 SLSC A44 62.9 1.80 0.0499 0.0825 0.248 101 54.0 11.3 -20.5 6.15 NA NA NA NA 0
2021 SLSC A44 65.1 1.90 0.0777 0.0825 0.248 101 46.1 9.59 -20.8 7.01 NA NA NA NA 0
2021 SLSC A44 60.1 1.60 0.0469 0.0825 0.248 101 49.8 10.1 -21.2 6.65 NA NA NA NA 2
2021 SLSC A44 33.0 0.200 0.0406 0.0825 0.248 101 48.7 10.6 -21.9 7.26 NA NA NA NA 0
2021 SLSC WTL 81.0 5.00 0.403 0.0825 0.248 101 59.7 11.4 -27.3 7.69 NA NA NA NA 3
2021 SLSC WTL 89.9 6.80 0.342 0.0825 0.248 101 52.9 11.0 -28.0 8.59 NA NA NA NA 3
2021 SLSC WTL 65.0 2.30 0.422 0.0689 0.207 95.0 54.4 11.0 -29.3 7.41 NA NA NA NA 3
2021 SLSC WTL 81.1 3.30 0.419 0.0825 0.248 101 47.5 12.7 -23.7 8.26 NA NA NA NA 3
2021 SLSC WTL 59.5 1.60 0.320 0.0825 0.248 101 32.6 7.41 -27.7 8.32 NA NA NA NA 2
2021 SLSC WTL 88.2 4.60 0.401 0.0825 0.248 101 50.0 13.1 -24.3 8.06 45.1 11.4 -24.6 8.47 3
2021 SLSC WTL 62.7 1.70 0.367 0.0825 0.248 101 53.2 10.9 -30.0 7.39 54.8 9.55 -31.2 7.38 1
2021 SLSC WTL 66.1 2.30 0.296 0.0825 0.248 101 59.3 10.5 -29.0 7.48 NA NA NA NA 2
2021 SLSC WTL 59.3 1.80 0.276 0.0825 0.248 101 49.8 10.6 -26.8 8.28 50.4 12.1 -26.4 8.33 2
2021 SLSC WTL 60.2 1.70 0.338 0.0825 0.248 101 44.5 8.59 -29.2 7.46 NA NA NA NA 1
2021 SLSC WTL 51.6 1.00 0.478 0.0825 0.248 101 45.2 9.26 -28.0 8.58 NA NA NA NA 1
2021 SLSC WTL 38.7 0.400 0.377 0.0825 0.248 101 45.1 8.49 -30.2 7.40 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2021 SLSC WTL 40.8 0.600 0.353 0.0825 0.248 101 41.2 7.65 -31.0 6.92 NA NA NA NA 1
2021 SLSC WTL 46.8 0.700 0.354 0.0825 0.248 101 51.6 9.87 -29.3 7.97 NA NA NA NA 1
2021 SLSC WTL 110 14.2 0.164 0.0825 0.248 101 45.3 9.04 -22.3 8.58 NA NA NA NA 5
2021 NNST WTL 55.1 0.900 0.433 0.0825 0.248 101 40.2 8.78 -27.1 10.9 NA NA NA NA 0
2021 NNST WTL 54.8 1.20 0.463 0.0825 0.248 101 44.5 8.99 -29.1 10.8 42.2 7.50 -29.6 10.3 0
2021 NNST WTL 57.5 1.00 0.311 0.0825 0.248 101 46.5 9.15 -28.1 9.94 NA NA NA NA 0
2021 NNST WTL 57.2 0.800 0.274 0.0825 0.248 101 41.9 9.52 -26.4 10.3 NA NA NA NA 0
2021 NNST WTL 55.1 1.00 0.434 0.0825 0.248 101 44.7 10.3 -26.8 9.69 NA NA NA NA 0
2021 SLSC B03 70.9 2.70 0.0446 0.0825 0.248 101 51.1 11.3 -22.9 7.63 NA NA NA NA 2
2021 SLSC B03 50.5 0.900 0.0309 0.0825 0.248 101 52.9 10.9 -21.2 5.98 NA NA NA NA 1
2021 SLSC B03 55.7 1.20 0.0277 0.0825 0.248 101 58.7 12.4 -21.3 6.10 NA NA NA NA 1
2021 SLSC B03 50.5 0.800 0.0221 0.0825 0.248 101 51.9 10.6 -21.4 5.53 NA NA NA NA 1
2021 SLSC B03 50.7 1.00 0.0377 0.0825 0.248 101 55.8 12.0 -21.7 6.05 NA NA NA NA 0
2021 SLSC B03 54.2 1.10 0.0245 0.0825 0.248 101 46.5 9.38 -24.4 7.83 NA NA NA NA 1
2021 SLSC B03 34.3 0.200 0.0235 0.0825 0.248 101 42.2 9.78 -22.4 6.91 43.8 11.1 -22.2 7.41 0
2021 NNST B03 56.1 1.00 0.0319 0.0825 0.248 101 49.6 9.97 -26.4 8.76 NA NA NA NA 0
2021 NNST B03 52.8 0.800 0.0258 0.0825 0.248 101 46.3 10.6 -26.0 8.49 NA NA NA NA 0
2021 SLSC LK8 59.0 1.40 0.0452 0.0825 0.248 101 44.7 8.20 -25.4 6.67 NA NA NA NA 2
2021 SLSC LK8 68.9 3.00 0.0380 0.0825 0.248 101 48.9 10.3 -22.9 6.70 NA NA NA NA 3
2021 SLSC LK8 52.2 1.00 0.0294 0.0825 0.248 101 43.8 9.39 -22.5 7.28 NA NA NA NA 2
2021 SLSC LK8 63.7 1.90 0.0416 0.0825 0.248 101 51.2 10.7 -24.5 7.41 NA NA NA NA 1
2021 SLSC LK8 82.0 4.60 0.0577 0.0825 0.248 101 52.6 11.0 -23.7 7.49 NA NA NA NA 5
2021 SLSC LK8 62.3 1.90 0.0907 0.0825 0.248 101 37.6 8.11 -28.6 8.04 NA NA NA NA 2
2021 SLSC LK8 58.7 1.40 0.0296 0.0825 0.248 101 42.1 10.6 -19.8 7.72 NA NA NA NA 1
2021 SLSC LK8 72.2 4.10 0.0442 0.0825 0.248 101 40.7 7.82 -21.3 7.28 54.5 11.0 -21.1 7.19 4
2021 SLSC LK8 61.9 1.90 0.0412 0.0825 0.248 101 54.7 9.82 -23.9 7.74 NA NA NA NA 1
2021 SLSC LK8 57.2 1.50 0.0212 0.0825 0.248 101 47.7 11.4 -22.5 6.89 NA NA NA NA 2
2021 SLSC A63 81.0 4.00 0.484 0.0825 0.248 101 41.7 9.69 -25.3 7.63 NA NA NA NA 3
2021 SLSC A63 81.0 4.20 0.361 0.0825 0.248 101 53.1 10.9 -25.7 8.27 NA NA NA NA 3
2021 SLSC A63 39.0 0.400 0.378 0.0825 0.248 101 52.9 11.2 -28.9 8.10 NA NA NA NA 0
2021 SLSC A63 40.2 0.500 0.328 0.0825 0.248 101 45.6 9.63 -27.6 8.05 NA NA NA NA 0

121



Sample 
Year

Fish 
Species 
Code

Lake 
Name

Fork 
Length 
(mm)

Wet 
Weight 

(g)

THg 
WW 

(mg/kg)

MDL 
(ng)

MRL 
(ng)

IPR avg 
(%) %C %N δ13C δ15N DUP %C DUP %N DUP 

δ13C
DUP 
δ15N

Age 
Estimate

Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2021 SLSC A63 47.2 0.800 0.336 0.0825 0.248 101 50.8 10.5 -28.0 7.45 NA NA NA NA 0
2021 SLSC A63 49.9 1.00 0.396 0.0825 0.248 101 34.7 7.89 -28.2 8.04 NA NA NA NA 1
2021 SLSC A63 40.9 0.600 0.380 0.0825 0.248 101 41.7 8.14 -28.1 7.66 NA NA NA NA 0
2021 SLSC A63 44.3 0.600 0.267 0.0825 0.248 101 43.1 8.49 -27.1 8.60 NA NA NA NA 0
2021 SLSC A63 47.2 0.700 0.402 0.0825 0.248 101 52.1 10.9 -29.5 8.32 NA NA NA NA 0
2021 SLSC A63 40.8 0.600 0.412 0.0825 0.248 101 48.1 9.46 -28.4 8.30 NA NA NA NA 0
2021 SLSC A63 75.1 3.50 0.394 0.0825 0.248 101 54.2 8.93 -27.3 6.54 NA NA NA NA 2
2021 SLSC A63 49.1 0.800 0.404 0.0825 0.248 101 46.5 9.20 -28.9 7.71 NA NA NA NA 0
2021 SLSC A63 43.1 0.500 0.287 0.0825 0.248 101 46.0 9.10 -24.2 7.64 NA NA NA NA 0
2021 SLSC A63 45.3 0.600 0.344 0.0825 0.248 101 51.2 10.2 -29.3 7.61 NA NA NA NA 0
2021 SLSC A63 44.4 0.600 0.485 0.0825 0.248 101 47.6 7.99 -30.6 7.78 NA NA NA NA 0
2021 SLSC A63 43.0 0.700 0.279 0.0825 0.248 101 37.6 5.70 -28.0 7.25 55.0 10.8 -27.0 7.48 0
2021 SLSC A63 52.9 1.10 0.394 0.0825 0.248 101 49.7 8.96 -29.7 7.81 NA NA NA NA 0
2021 SLSC A63 48.2 0.800 0.348 0.0825 0.248 101 51.5 8.00 -30.3 8.15 NA NA NA NA 0
2021 SLSC A63 45.2 0.700 0.316 0.0825 0.248 101 46.7 7.00 -30.1 7.83 NA NA NA NA 0
2021 SLSC A63 41.2 0.500 0.312 0.0825 0.248 101 50.7 11.4 -28.2 7.73 NA NA NA NA 0
2021 SLSC A63 45.1 0.700 0.324 0.0825 0.248 101 49.2 10.6 -27.9 7.99 NA NA NA NA 0
2021 SLSC A63 43.0 0.500 0.358 0.0825 0.248 101 41.6 8.68 -29.0 8.11 NA NA NA NA 0
2021 SLSC A63 43.6 0.700 0.411 0.0825 0.248 101 46.5 8.79 -28.3 7.55 NA NA NA NA 0
2021 SLSC A63 44.2 0.700 0.334 0.0825 0.248 101 58.7 10.3 -30.3 7.94 NA NA NA NA 0
2021 SLSC A63 46.0 0.700 0.207 0.0825 0.248 101 49.0 9.86 -27.4 9.27 NA NA NA NA 0
2021 SLSC A63 44.9 0.600 0.256 0.0825 0.248 101 42.0 7.89 -27.8 8.50 48.3 9.72 -27.4 8.89 0
2021 SLSC A63 51.8 1.00 0.345 0.0825 0.248 101 44.5 9.78 -27.6 7.70 NA NA NA NA 0
2021 SLSC A63 47.2 0.800 0.316 0.0825 0.248 101 47.7 10.3 -27.3 8.25 NA NA NA NA 0
2021 SLSC A63 48.2 0.700 0.283 0.0825 0.248 101 49.2 10.4 -26.7 7.72 NA NA NA NA 0
2021 NNST A63 53.4 0.800 0.485 0.0825 0.248 101 37.2 6.77 -30.0 9.93 NA NA NA NA 0
2021 NNST A63 57.3 1.20 0.408 0.0825 0.248 101 44.6 8.25 -29.5 9.27 NA NA NA NA 0
2021 NNST A63 58.1 1.20 0.259 0.0825 0.248 101 43.0 7.57 -29.3 9.76 NA NA NA NA 1
2021 NNST A63 60.2 1.10 0.470 0.0825 0.248 101 52.3 8.58 -29.0 9.00 NA NA NA NA 0
2021 NNST A63 54.0 0.900 0.283 0.0825 0.248 101 38.8 7.57 -30.0 9.89 NA NA NA NA 0
2021 NNST A63 57.1 1.10 0.346 0.0825 0.248 101 52.3 9.39 -30.1 8.82 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2021 NNST A63 50.0 0.800 0.586 0.0825 0.248 101 36.3 7.06 -29.4 10.1 52.4 10.3 -29.5 9.48 0
2021 NNST A63 57.1 1.10 0.597 0.0825 0.248 101 42.5 7.38 -29.2 9.19 NA NA NA NA 0
2021 NNST A63 70.5 1.90 0.684 0.0825 0.248 101 45.6 10.4 -27.4 9.21 NA NA NA NA 0
2021 NNST A63 72.9 2.00 0.634 0.0825 0.248 101 46.4 9.83 -27.7 9.40 NA NA NA NA 0
2021 NNST A63 57.9 1.10 0.433 0.0825 0.248 101 48.6 9.56 -29.2 9.99 NA NA NA NA NA
2021 NNST A63 73.2 1.90 0.416 0.0825 0.248 101 55.2 12.3 -26.8 9.34 NA NA NA NA 0
2021 NNST A63 51.1 0.800 0.400 0.0825 0.248 101 54.0 9.69 -29.3 9.59 NA NA NA NA 0
2021 NNST A63 55.3 0.900 0.338 0.0825 0.248 101 41.9 6.03 -31.5 9.30 NA NA NA NA 0
2021 NNST A63 58.4 1.30 0.346 0.0825 0.248 101 41.4 7.91 -29.7 8.81 NA NA NA NA 0
2021 NNST A63 51.1 0.800 0.347 0.0825 0.248 101 55.0 10.6 -29.0 10.0 NA NA NA NA 0
2021 SLSC WTL 68.3 3.30 0.303 0.0825 0.248 101 55.0 11.9 -27.7 7.83 47.9 9.17 -28.4 7.72 2
2021 SLSC WTL 73.3 3.20 0.490 0.0825 0.248 101 44.2 11.9 -25.2 7.90 NA NA NA NA 2
2021 SLSC WTL 74.5 2.80 0.655 0.0825 0.248 101 53.2 14.2 -24.9 8.06 NA NA NA NA 2
2021 SLSC WTL 79.9 3.90 0.468 0.0825 0.248 101 45.7 12.0 -25.3 7.99 NA NA NA NA 2
2021 SLSC WTL 63.0 2.90 0.285 0.0825 0.248 101 54.7 11.2 -28.3 6.91 NA NA NA NA 1
2021 SLSC WTL 83.0 3.80 0.390 0.0825 0.248 101 45.0 10.9 -27.9 8.07 NA NA NA NA 2
2021 SLSC WTL 68.2 2.70 0.295 0.0825 0.248 101 46.3 10.0 -28.7 6.93 NA NA NA NA 1
2021 SLSC WTL 39.3 0.500 0.273 0.0825 0.248 101 49.9 9.61 -30.1 5.50 NA NA NA NA 0
2021 SLSC WTL 64.1 2.00 0.350 0.0825 0.248 101 52.7 11.1 -29.0 6.72 NA NA NA NA 1
2021 SLSC WTL 70.2 3.00 0.294 0.0825 0.248 101 52.9 11.4 -28.2 6.02 NA NA NA NA 2
2021 SLSC WTL 69.3 3.30 0.300 0.0825 0.248 101 54.5 11.8 -27.8 8.05 47.0 10.1 -27.8 8.22 2
2021 SLSC WTL 62.5 2.10 0.296 0.0825 0.248 101 58.4 10.5 -29.4 5.68 NA NA NA NA 1
2021 SLSC WTL 47.2 0.900 0.301 0.0825 0.248 101 51.6 10.5 -28.8 7.41 NA NA NA NA 0
2021 SLSC WTL 45.1 0.700 0.272 0.0825 0.248 101 49.3 10.7 -29.5 7.02 NA NA NA NA 0
2021 SLSC WTL 63.9 1.90 0.390 0.0825 0.248 101 54.5 10.2 -29.3 7.81 NA NA NA NA 1
2021 SLSC WTL 42.1 0.600 0.334 0.0825 0.248 101 48.4 10.2 -29.9 5.96 NA NA NA NA 0
2021 SLSC WTL 49.8 1.00 0.258 0.0825 0.248 101 41.7 8.38 -29.7 7.58 NA NA NA NA 0
2021 NNST WTL 53.0 1.00 0.500 0.0825 0.248 101 34.8 6.84 -29.7 9.67 NA NA NA NA 0
2021 NNST WTL 57.2 1.30 0.357 0.0825 0.248 101 44.2 9.59 -28.5 9.50 NA NA NA NA 1
2021 NNST WTL 53.1 0.800 0.210 0.0825 0.248 101 49.0 8.75 -26.3 9.00 NA NA NA NA 0
2021 NNST WTL 62.4 1.40 0.386 0.0825 0.248 101 49.6 9.63 -30.7 9.99 51.7 10.5 -30.5 9.68 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2021 NNST WTL 43.9 0.700 0.317 0.0825 0.248 101 45.2 8.76 -27.2 9.05 NA NA NA NA 0
2021 NNST WTL 60.2 1.30 0.239 0.0825 0.248 101 42.4 7.95 -26.1 9.38 NA NA NA NA 0
2021 NNST WTL 51.8 1.00 0.247 0.0825 0.248 101 55.8 10.8 -25.6 8.93 NA NA NA NA 0
2021 NNST WTL 56.0 0.900 0.330 0.0689 0.207 95.0 52.8 10.8 -27.5 8.63 NA NA NA NA 0
2021 NNST WTL 57.5 1.20 0.567 0.0825 0.248 101 49.6 10.7 -30.2 10.2 NA NA NA NA 0
2021 NNST WTL 74.5 2.50 0.800 0.0825 0.248 101 49.2 10.8 -28.6 9.65 NA NA NA NA 0
2021 NNST MMT 45.1 0.500 0.0912 0.0825 0.248 101 44.2 8.65 -24.6 9.74 NA NA NA NA 0
2021 NNST MMT 64.0 1.40 0.0345 0.0825 0.248 101 69.6 13.2 -25.1 10.4 NA NA NA NA 0
2021 NNST MMT 59.8 1.20 0.0518 0.0825 0.248 101 51.8 9.60 -25.6 9.50 NA NA NA NA 0
2021 NNST MMT 54.9 0.800 0.0305 0.0825 0.248 101 47.5 8.18 -26.5 10.8 63.3 13.0 -26.0 10.6 0
2021 NNST MMT 54.2 0.900 0.0353 0.0825 0.248 101 44.7 6.64 -26.8 10.1 NA NA NA NA 0
2021 NNST MMT 51.6 0.800 0.0400 0.0825 0.248 101 47.3 8.58 -25.2 10.3 NA NA NA NA 0
2021 NNST MMT 65.3 1.60 0.0568 0.0825 0.248 101 39.0 7.43 -25.1 10.0 NA NA NA NA 0
2021 NNST MMT 52.8 0.900 0.0373 0.0825 0.248 101 46.5 9.36 -24.7 10.5 NA NA NA NA 0
2021 NNST MMT 52.1 0.800 0.0344 0.0825 0.248 101 48.3 9.49 -26.0 10.2 NA NA NA NA 0
2021 NNST MMT 56.3 1.00 0.0622 0.0825 0.248 101 52.3 11.6 -25.5 10.3 NA NA NA NA 0
2021 NNST MMT 52.1 0.800 0.0296 0.0825 0.248 101 59.2 10.6 -25.5 10.7 NA NA NA NA 0
2021 NNST MMT 45.2 0.600 0.0371 0.0825 0.248 101 49.7 10.9 -25.2 10.8 NA NA NA NA 0
2021 NNST MMT 61.9 1.30 0.0301 0.0825 0.248 101 48.2 9.56 -25.2 10.0 NA NA NA NA 0
2021 NNST MMT 58.1 1.20 0.0518 0.0825 0.248 101 51.1 9.62 -26.5 10.6 46.0 9.37 -26.2 10.7 0
2021 NNST MMT 54.0 0.900 0.0349 0.0825 0.248 101 52.3 9.30 -25.1 10.4 NA NA NA NA 0
2021 NNST MMT 48.1 0.600 0.0638 0.0825 0.248 101 52.0 10.2 -25.1 9.86 NA NA NA NA 0
2021 NNST MMT 54.3 1.00 0.0398 0.0825 0.248 101 57.5 9.71 -25.6 9.56 NA NA NA NA 0
2021 NNST MMT 57.2 1.10 0.0304 0.0825 0.248 101 51.4 9.53 -25.7 11.5 NA NA NA NA 0
2021 NNST MMT 53.1 0.900 0.0311 0.0825 0.248 101 49.1 9.26 -25.7 10.7 NA NA NA NA 0
2021 NNST MMT 58.0 1.10 0.0389 0.0825 0.248 101 51.2 11.2 -24.1 10.1 NA NA NA NA 0
2021 NNST MMT 52.9 0.900 0.0525 0.0825 0.248 101 57.3 9.16 -26.2 10.2 NA NA NA NA 0
2021 NNST MMT 63.0 1.50 0.0724 0.0825 0.248 101 34.7 7.51 -23.8 10.2 NA NA NA NA 0
2021 NNST MMT 51.9 0.700 0.0370 0.0825 0.248 101 51.6 8.55 -25.6 10.1 NA NA NA NA 0
2021 NNST MMT 57.1 1.00 0.0661 0.0825 0.248 101 52.0 10.1 -24.6 9.60 52.5 10.3 -24.3 9.39 0
2021 NNST MMT 74.5 2.20 0.0667 0.0825 0.248 101 62.4 9.14 -26.6 10.0 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2021 NNST MMT 61.3 1.50 0.0446 0.0825 0.248 101 56.5 10.0 -24.6 10.3 NA NA NA NA 0
2021 NNST MMT 55.2 1.00 0.0259 0.0825 0.248 101 51.9 11.1 -25.3 10.8 NA NA NA NA 0
2021 NNST MMT 50.9 0.800 0.0427 0.0825 0.248 101 37.9 8.81 -25.0 9.90 NA NA NA NA 0
2021 NNST MMT 69.6 2.00 0.0698 0.0825 0.248 101 42.9 8.18 -23.9 9.08 NA NA NA NA 0
2021 NNST MMT 46.2 0.700 0.0332 0.0825 0.248 101 45.7 9.39 -26.2 9.60 NA NA NA NA 0
2021 NNST MMT 54.4 0.900 0.0374 0.0825 0.248 101 36.8 7.75 -24.5 9.30 NA NA NA NA 0
2021 NNST MMT 54.0 1.00 0.0418 0.0825 0.248 101 44.6 9.21 -24.7 9.33 NA NA NA NA 0
2021 SLSC MMT 53.3 1.00 0.0268 0.0825 0.248 101 50.1 11.3 -21.1 8.54 NA NA NA NA 1
2021 SLSC MMT 49.0 0.800 0.0341 0.0825 0.248 101 46.0 9.36 -22.1 7.47 47.2 9.97 -21.6 7.79 1
2021 SLSC MMT 65.2 1.80 0.0538 0.0825 0.248 101 46.6 13.1 -17.9 8.09 NA NA NA NA 2
2021 SLSC MMT 50.1 0.800 0.0361 0.0825 0.248 101 52.9 10.6 -22.2 8.37 NA NA NA NA 1
2021 SLSC MMT 34.2 0.300 0.0518 0.0825 0.248 101 47.2 9.72 -24.2 8.39 NA NA NA NA 0
2021 SLSC MMT 52.5 1.10 0.0341 0.0825 0.248 101 54.8 11.8 -22.0 7.29 NA NA NA NA 1
2021 SLSC MMT 42.0 0.500 0.0406 0.0825 0.248 101 54.6 10.4 -23.4 7.24 NA NA NA NA 0
2021 SLSC MMT 65.2 2.00 0.0562 0.0825 0.248 101 52.4 11.2 -21.7 7.97 NA NA NA NA 2
2021 SLSC MMT 58.9 1.50 0.0247 0.0825 0.248 101 49.8 9.84 -22.5 9.47 NA NA NA NA 1
2021 SLSC MMT 60.9 1.60 0.0356 0.0825 0.248 101 59.6 9.40 -23.2 7.27 NA NA NA NA 1
2021 SLSC MMT 57.0 1.40 0.0278 0.0825 0.248 101 47.4 9.79 -22.0 7.78 NA NA NA NA 1
2021 SLSC MMT 65.0 2.20 0.0606 0.0825 0.248 101 49.3 8.36 -23.4 8.69 44.8 8.14 -23.6 8.70 1
2021 SLSC MMT 64.3 2.00 0.0678 0.0825 0.248 101 64.9 11.3 -21.5 9.03 NA NA NA NA 2
2021 SLSC MMT 38.2 0.400 0.0281 0.0825 0.248 101 53.4 11.2 -22.3 7.78 NA NA NA NA 0
2021 SLSC MMT 50.2 0.900 0.0309 0.0825 0.248 101 44.7 8.85 -22.8 7.87 NA NA NA NA 0
2021 SLSC MMT 61.9 2.10 0.0317 0.0825 0.248 101 50.9 7.85 -23.6 7.93 NA NA NA NA 1
2021 SLSC MMT 36.0 0.400 0.0300 0.0825 0.248 101 54.0 11.9 -22.3 7.79 NA NA NA NA 0
2021 SLSC MMT 39.3 0.500 0.0280 0.0825 0.248 101 54.9 10.1 -23.6 7.98 NA NA NA NA 0
2021 SLSC MMT 74.3 2.90 0.0823 0.0825 0.248 101 47.5 13.2 -20.1 8.44 NA NA NA NA 3
2021 SLSC MMT 40.1 0.500 0.0284 0.0825 0.248 101 52.1 13.2 -21.8 7.29 NA NA NA NA 0
2021 SLSC MMT 52.3 1.10 0.0473 0.0825 0.248 101 55.5 8.71 -23.2 8.62 NA NA NA NA 1
2021 SLSC MMT 39.0 0.400 0.0237 0.0825 0.248 101 45.7 10.1 -23.1 8.23 48.1 10.1 -23.5 7.46 0
2021 SLSC MMT 63.1 2.10 0.0327 0.0825 0.248 101 59.0 10.1 -23.5 7.99 NA NA NA NA 2
2021 SLSC MMT 60.0 1.60 0.0498 0.0825 0.248 101 55.0 9.60 -24.1 8.24 NA NA NA NA 1
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2021 SLSC MMT 60.9 1.90 0.0297 0.0825 0.248 101 58.0 10.5 -22.2 7.99 NA NA NA NA 2
2021 SLSC MMT 58.1 1.50 0.0314 0.0825 0.248 101 43.5 11.1 -19.5 8.13 NA NA NA NA 2
2021 SLSC MMT 39.0 0.500 0.0272 0.0825 0.248 101 50.4 10.2 -23.0 7.86 NA NA NA NA 0
2021 SLSC MMT 39.9 0.500 0.0418 0.0825 0.248 101 49.7 10.8 -23.3 8.65 NA NA NA NA 0
2021 SLSC MMT 36.2 0.400 0.0256 0.0825 0.248 101 50.4 11.0 -22.0 7.54 NA NA NA NA 0
2021 SLSC MMT 40.0 0.400 0.0325 0.0825 0.248 101 50.5 11.2 -23.1 8.57 NA NA NA NA 0
2021 SLSC MMT 37.2 0.400 0.0377 0.0825 0.248 101 56.6 12.7 -22.6 7.42 NA NA NA NA 0
2021 SLSC B03 56.3 1.50 0.0252 0.0825 0.248 101 57.2 10.6 -25.8 7.68 49.3 10.2 -25.4 7.62 1
2021 SLSC B03 60.1 1.70 0.0277 0.0825 0.248 101 60.3 10.3 -22.0 5.84 NA NA NA NA 2
2021 SLSC B03 39.0 0.500 0.0215 0.0825 0.248 101 50.8 10.2 -23.6 6.32 NA NA NA NA 0
2021 SLSC B03 84.2 4.80 0.0478 0.0825 0.248 101 60.5 14.0 -22.4 7.59 NA NA NA NA 4
2021 SLSC B03 44.0 0.600 0.0194 0.0825 0.248 101 51.0 9.80 -22.4 5.78 NA NA NA NA 0
2021 SLSC B03 41.1 0.500 0.00202 0.0825 0.248 101 56.7 10.0 -24.3 6.67 NA NA NA NA 0
2021 SLSC B03 38.5 0.400 0.0192 0.0825 0.248 101 56.6 10.4 -22.8 6.12 NA NA NA NA 0
2021 SLSC B03 41.9 0.500 0.0197 0.0825 0.248 101 43.9 8.96 -21.3 6.03 NA NA NA NA 0
2021 SLSC B03 63.1 2.30 0.0340 0.0825 0.248 101 51.5 10.1 -22.6 7.12 NA NA NA NA 2
2021 SLSC B03 39.5 0.400 0.0250 0.0825 0.248 101 45.7 9.17 -23.1 6.19 NA NA NA NA 0
2021 SLSC B03 69.0 2.90 0.0411 0.0825 0.248 101 53.7 10.6 -22.6 6.69 49.7 9.64 -22.8 6.45 3
2021 SLSC B03 72.1 2.60 0.0807 0.0825 0.248 101 41.8 11.0 -21.0 7.04 NA NA NA NA 4
2021 SLSC B03 61.1 1.70 0.0356 0.0825 0.248 101 46.8 9.85 -20.3 6.99 NA NA NA NA 4
2021 SLSC B03 43.5 0.600 0.0164 0.0825 0.248 101 50.3 9.18 -22.0 6.71 NA NA NA NA 0
2021 SLSC B03 40.0 0.400 0.0180 0.0825 0.248 101 39.0 8.03 -21.4 5.71 NA NA NA NA 0
2021 SLSC B03 49.3 0.900 0.0329 0.0825 0.248 101 56.8 12.3 -22.2 6.31 NA NA NA NA 1
2021 SLSC B03 44.5 0.600 0.0251 0.0825 0.248 101 59.8 13.7 -22.5 6.43 NA NA NA NA 0
2021 SLSC B03 43.1 0.500 0.0185 0.0825 0.248 101 47.9 9.24 -22.1 5.82 NA NA NA NA 0
2021 SLSC B03 51.0 1.10 0.0293 0.0825 0.248 101 55.4 10.5 -22.0 6.67 NA NA NA NA 1
2021 SLSC B03 58.1 1.60 0.0323 0.0825 0.248 101 53.8 10.3 -20.9 6.34 NA NA NA NA 2
2021 SLSC B03 52.5 1.00 0.0223 0.0825 0.248 101 50.9 8.67 -22.2 6.35 46.5 9.19 -21.7 6.33 1
2021 SLSC B03 50.5 0.900 0.0279 0.0825 0.248 101 47.5 9.41 -21.5 5.44 NA NA NA NA 1
2021 SLSC B03 63.2 2.10 0.0331 0.0825 0.248 101 45.3 9.14 -22.7 7.14 NA NA NA NA 3
2021 NNST B03 56.1 1.20 0.0268 0.0825 0.248 101 56.6 10.1 -27.9 8.64 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2021 NNST B03 52.9 0.900 0.0439 0.0825 0.248 101 51.6 9.45 -27.9 8.70 NA NA NA NA 0
2021 NNST B03 58.3 1.30 0.0549 0.0825 0.248 101 59.6 11.6 -28.1 8.90 NA NA NA NA 0
2021 NNST B03 53.4 0.900 0.0214 0.0825 0.248 101 53.2 9.39 -28.2 8.84 NA NA NA NA 0
2021 NNST B03 57.3 1.20 0.0324 0.0825 0.248 101 57.1 8.73 -28.6 8.07 NA NA NA NA 0
2021 NNST B03 55.8 1.00 0.0422 0.0825 0.248 101 47.6 9.46 -27.6 8.26 NA NA NA NA 0
2021 NNST B03 57.1 1.20 0.0250 0.0825 0.248 101 62.9 12.4 -26.7 8.53 NA NA NA NA 0
2021 SLSC A44 49.2 0.900 0.0296 0.0825 0.248 101 55.3 12.2 -20.7 6.44 38.0 8.69 -20.4 6.09 1
2021 SLSC A44 50.1 0.900 0.0303 0.0825 0.248 101 53.4 11.9 -19.6 6.10 NA NA NA NA 1
2021 SLSC A44 58.1 1.50 0.0512 0.0825 0.248 101 59.5 9.50 -23.9 6.75 NA NA NA NA 2
2021 NNST A44 68.8 2.00 0.0727 0.0825 0.248 101 56.5 8.78 -28.1 8.59 NA NA NA NA 0
2021 NNST A44 63.3 1.30 0.0846 0.0825 0.248 101 45.4 6.54 -29.2 9.16 NA NA NA NA 0
2021 NNST A44 57.9 1.10 0.0443 0.0825 0.248 101 40.9 6.70 -25.8 8.03 NA NA NA NA 0
2021 NNST A44 51.1 0.700 0.0362 0.0825 0.248 101 55.9 9.35 -27.4 8.63 NA NA NA NA 0
2020 NNST A63 40.0 0.551 0.286 0.0825 0.248 101 51.2 10.2 -30.6 8.04 NA NA NA NA 0
2020 NNST A63 49.0 0.828 0.218 0.0825 0.248 101 42.1 8.72 -30.3 8.02 59.5 12.0 -30.5 8.04 0
2020 NNST A63 36.0 0.313 0.321 0.0825 0.248 101 44.6 9.07 -30.2 7.33 NA NA NA NA 0
2020 NNST A63 38.0 0.342 0.417 0.0825 0.248 101 52.3 11.3 -29.5 7.32 NA NA NA NA 0
2020 NNST A63 45.0 0.547 0.278 0.0825 0.248 101 53.2 9.43 -31.3 7.88 NA NA NA NA 0
2020 NNST A63 34.0 0.295 0.312 0.0825 0.248 101 50.7 11.3 -28.7 8.02 NA NA NA NA 0
2020 NNST A63 36.0 0.382 0.376 0.0825 0.248 101 46.0 10.5 -29.6 8.03 NA NA NA NA 0
2020 NNST A63 31.0 0.222 0.424 0.0825 0.248 101 47.5 10.9 -28.9 6.89 NA NA NA NA 0
2020 NNST A63 35.0 0.264 0.240 0.0825 0.248 101 48.3 10.3 -29.7 8.04 NA NA NA NA 0
2020 NNST A63 41.0 0.468 0.240 0.0825 0.248 101 43.9 8.09 -30.5 7.15 NA NA NA NA 0
2020 NNST A63 35.0 0.279 0.276 0.0825 0.248 101 52.6 9.31 -31.0 7.00 NA NA NA NA 0
2020 NNST A63 42.0 0.410 0.198 0.0825 0.248 101 53.2 10.9 -30.5 9.23 48.6 10.2 -30.4 8.54 0
2020 NNST A63 36.0 0.318 0.351 0.0825 0.248 101 47.6 9.06 -30.9 7.74 NA NA NA NA 0
2020 NNST A63 43.0 0.567 0.257 0.0825 0.248 101 51.8 10.8 -30.4 8.01 NA NA NA NA 0
2020 NNST A63 35.0 0.279 0.342 0.0825 0.248 101 50.6 11.0 -29.8 7.76 NA NA NA NA 0
2020 NNST A63 41.0 0.471 0.303 0.0825 0.248 101 47.9 10.3 -29.2 7.55 NA NA NA NA 0
2020 NNST A63 41.0 0.423 0.304 0.0825 0.248 101 46.8 9.99 -29.0 7.48 NA NA NA NA 0
2020 NNST A63 38.0 0.340 0.290 0.0825 0.248 101 48.3 9.42 -29.0 6.84 NA NA NA NA 0
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Table A2.4:  Laboratory Results for all Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST) laboratory results from Biotron 
Laboratory, the University of Waterloo Environmental Isotope Laboratory, and AAE Tech Incorporated. These results include total Hg concentrations with all sample 
quality assurance and quality control (QA/QC) in accordance with international standards. Stable isotopes from fish tissue are presented as percent (%) carbon (C) and 
nitrogren (N), as well as with per mil (‰) for delta values of each of these. Age estimates were made using extracted otoliths. mm = millimeters, g = grams, mg/kg = 
milligrams per killogram, THg = total mercury,  MDL = method detection limit, MRL= method reporting limit , DUP = duplicate, C = carbon, N = nitrogren, NA = no 
available data.

2020 NNST A63 39.0 0.354 0.193 0.0825 0.248 101 45.5 8.45 -31.0 8.43 NA NA NA NA 0
2020 NNST A63 36.0 0.331 0.263 0.0825 0.248 101 52.3 11.5 -29.0 7.47 NA NA NA NA 0
2020 NNST A63 27.0 0.149 0.433 0.0825 0.248 101 46.2 10.3 -28.7 7.45 NA NA NA NA 0
2020 NNST A63 35.0 0.268 0.265 0.0825 0.248 101 50.3 11.1 -27.8 7.78 48.3 10.6 -27.9 7.73 0
2020 NNST A63 34.0 0.224 0.221 0.0825 0.248 101 52.4 12.5 -26.6 7.55 NA NA NA NA 0
2020 NNST A63 26.0 0.103 0.328 0.0825 0.248 101 45.4 12.1 -26.9 6.97 NA NA NA NA 0
2020 NNST A63 31.0 0.224 0.488 0.0825 0.248 101 44.5 9.25 -29.1 6.73 NA NA NA NA 0
2020 NNST A63 33.0 0.258 0.319 0.0825 0.248 101 50.2 9.51 -29.2 6.93 NA NA NA NA 0
2020 NNST A63 35.0 0.327 0.246 0.0825 0.248 101 47.2 9.73 -28.4 7.24 NA NA NA NA 0
2020 NNST A63 40.0 0.362 0.319 0.0825 0.248 101 50.1 10.9 -29.1 7.15 NA NA NA NA 0
2020 NNST A63 35.0 0.296 0.372 0.0825 0.248 101 47.5 9.00 -30.5 7.51 NA NA NA NA 0
2020 NNST A63 41.0 0.414 0.446 0.0825 0.248 101 45.0 9.28 -29.3 7.30 NA NA NA NA 0
2020 NNST A63 36.0 0.325 0.348 0.0825 0.248 101 49.7 9.70 -30.8 7.68 45.7 8.31 -31.3 7.66 0
2020 NNST A63 29.0 0.134 0.324 0.0825 0.248 101 48.5 11.5 -28.3 6.75 NA NA NA NA 0
2020 NNST A63 27.0 0.140 0.514 0.0825 0.248 101 53.9 12.7 -28.2 6.93 NA NA NA NA 0
2020 NNST A63 25.0 0.149 0.379 0.0825 0.248 101 41.9 9.11 -28.1 6.49 NA NA NA NA 0
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Sample Year CRM Recovery CRM (%) Recovery MS & MSD 
(%)

2018 N/A 105 99 & 101
2019 N/A 105 99 & 101
2020 N/A 105 99 & 101
2021 DORM-5 107 104 & 104
2018 DORM-5 99 100 & 100
2019 DORM-5 99 100 & 100
2020 DORM-5 99 100 & 100
2018 DORM-5 100 100 & 100
2019 DORM-5 100 100 & 100
2020 DORM-5 100 100 & 100
2018 DORM-5 105 98 & 98
2019 DORM-5 105 98 & 98
2019 DORM-5 96 110 & 112
2020 DORM-5 105 98 & 98
2020 DORM-5 96 110 & 112
2019 DORM-5 91 99 & 98
2020 DORM-5 91 99 & 98

Table A2.5:  Accuracy of laboratory results for all Slimy Sculpin (Cottus cognatus; SLSC)  and 
Ninespine Stickleback (Pungitius pungitius; NNST) mercury tissue chemistry samples from Biotron 
Center for Experimental Climate Change Research. CRM = certified reference materials, MS = 
matrix spike, MSD = matrix spike duplicate, N/A = no available data.
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Mean Standard 
Deviation Mean Standard 

Deviation Mean Standard 
Deviation

NNST 4.72 2.19 1.92 0.810 12.0 12.0
SLSC 5.47 1.61 1.88 0.636 8.62 7.32
NNST 5.22 1.58 2.01 0.582 8.21 7.38
SLSC 5.43 1.61 1.75 0.670 6.61 6.75
NNST 4.79 1.99 2.11 0.704 5.28 3.68
SLSC 5.29 1.62 1.86 0.636 10.8 6.67
NNST 7.36 1.19 1.98 0.124 12.1 11.8
SLSC 7.91 0.555 1.98 0.0793 12.2 11.0

2018

2019

2020

2021

Table A2.6:  Precision of laboratory results for Slimy Sculpin (Cottus cognatus; SLSC) and Ninespine Stickleback (Pungitius pungitius; 
NNST) mercury tissue chemistry from Biotron Center for Experimental Climate Change Research and stable isotope analyses from the 
Unviersity of Waterloo Environmental Isotope Laboratory. Hg = mercury, RPD = relative percent difference, DUP = duplicate, MS = 
matrix spike.

Hg Analysis RPD in DUP (%) Hg Analysis RPD in MS (%) Stable Isotope Analysis RPD (%)
Sample 

Year
Fish Species 

Code
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Sample 
Year

Sample 
Identification

THg 
MDL 
(ng/L)

THg 
MRL 
(ng/L)

THg 
DUP 
RPD

THg 
IPR

THg 
OPR

THg 
MS 

RPD

THg 
MS 

DUP 
RPD

THg Quality 
Control 

Sample % 
Recovery

THg 
Recovery 
MS MSD

THg 
Method 
Blank

THg 
IPR 
SD

MeHg 
MDL 
(ng/L)

MeHg 
MRL 
(ng/L)

MeHg 
DUP 
RPD

MeHg 
IPR

MeHg 
OPR

MeHg 
MS 

RPD

MeHg 
MS 

DUP 
RPD

MeHg Quality 
Control 

Sample % 
Recovery

MeHg 
Recovery 
MS MSD

MeHg 
Method 
Blank

MeHg 
IPR 
SD

2018 A20-WQ01-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A20-WQ02-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A63-WQ01-A-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A63-WQ01-B-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A63-WQ02-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A65-WQ01-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A65-WQ02-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A76-WQ01-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A76-WQ02-A-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 A76-WQ02-B-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 LK8-WQ01-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 LK8-WQ02-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 MMT-WQ01-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 MMT-WQ02-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 NEM-WQ01-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 NEM-WQ02-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 WTL-WQ01-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA
2018 WTL-WQ02-2018 0.07 0.22 7 98 109 2 2 100 113, 112 <MDL NA 0.01 0.02 19 97 98 4 4 77 83, 84 <MDL NA

2019 DS1-WQ01-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 DS1-WQ02-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 A20-WQ01-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 A20-WQ02-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 A63-WQ01-2019 0.07 0.22 5 97 101 3 3 89 96, 93 <MDL 1 0.01 0.02 4 89 102 3 3 89 90, 93 <MDL 3
2019 A63-WQ02A-2019 0.07 0.22 5 97 101 3 3 89 96, 93 <MDL 1 0.01 0.02 4 89 102 3 3 89 90, 93 <MDL 3
2019 A63-WQ02B-2019 0.07 0.22 5 97 101 3 3 89 96, 93 <MDL 1 0.01 0.02 4 89 102 3 3 89 90, 93 <MDL 3

2019 A65-WQ01-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 A65-WQ02A-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 A65-WQ02B-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 A76-WQ01-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 A76-WQ02-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 LK8-WQ01-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 LK8-WQ02-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 MMT-WQ01-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 MMT-WQ02-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

Table A2.7:  Mercury (Hg) and methyl mercury (MeHg) water chemistry laboratory precision and accuracy results from Biotron Center for Experimental Climate Change Research. THg = total mercury, MDL = method 
detection limit, MRL = method reporting limit, DUP = duplicate, RPD = relative percent difference, IPR = initial precision and recovery, OPR = ongoing precision and recovery, MS = matrix spike, MSD = matrix spike 
duplicate, SD = standard deviation, NA = no available data.
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MeHg 
MDL 
(ng/L)

MeHg 
MRL 
(ng/L)

MeHg 
DUP 
RPD

MeHg 
IPR

MeHg 
OPR

MeHg 
MS 

RPD

MeHg 
MS 

DUP 
RPD

MeHg Quality 
Control 

Sample % 
Recovery

MeHg 
Recovery 
MS MSD

MeHg 
Method 
Blank

MeHg 
IPR 
SD

Table A2.7:  Mercury (Hg) and methyl mercury (MeHg) water chemistry laboratory precision and accuracy results from Biotron Center for Experimental Climate Change Research. THg = total mercury, MDL = method 
detection limit, MRL = method reporting limit, DUP = duplicate, RPD = relative percent difference, IPR = initial precision and recovery, OPR = ongoing precision and recovery, MS = matrix spike, MSD = matrix spike 
duplicate, SD = standard deviation, NA = no available data.

2019 WTL-WQ01-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2019 WTL-WQ02-2019 0.07 0.22 2, 5 98, 
97

100, 
101 1, 3 1, 3 90, 89 94, 92; 96, 

93 <MDL 2, 1 0.01 0.02 11, 4 100, 
89 97, 102 100, 3 100, 3 93, 89 100, 100; 

90, 93 <MDL 2, 3

2020 DS1-WQ01-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.004 5 98 106 2 2 96 111, 111 <MDL 2
2020 DS1-WQ02-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 A20-WQ01A-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 A20-WQ01B-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 A20-WQ02-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 A63-WQ01-2020 0.04 0.02 7 102 94 5 5 91 103, 104 <MDL 2 0.006 0.018 2 102 105 1 1 105 109, 107 <MDL 5
2020 A63-WQ02-2020 0.04 0.02 7 102 94 5 5 91 103, 104 <MDL 2 0.006 0.018 2 102 105 1 1 105 109, 107 <MDL 5
2020 A44-WQ01-2020 0.04 0.02 7 102 94 5 5 91 103, 104 <MDL 2 0.006 0.018 2 102 105 1 1 105 109, 107 <MDL 5
2020 A44-WQ02-2020 0.04 0.02 7 102 94 5 5 91 103, 104 <MDL 2 0.006 0.018 2 102 105 1 1 105 109, 107 <MDL 5
2020 A65-WQ01-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 A65-WQ02-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 A76-WQ01-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 A76-WQ02-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 LK1-23 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 LK1-24 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 LK8-WQ01-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 LK8-WQ02-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 B3-WQ01 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 B3-WQ02 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 INUG-124 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 INUG-125 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 MMT-WQ01-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 MMT-WQ02-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 NEM-WQ01-2020 0.04 0.02 7 102 94 5 5 91 103, 104 <MDL 2 0.006 0.018 2 102 105 1 1 105 109, 107 <MDL 5
2020 NEM-WQ02-2020 0.04 0.02 7 102 94 5 5 91 103, 104 <MDL 2 0.006 0.018 2 102 105 1 1 105 109, 107 <MDL 5
2020 PDL-89 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 PDL-90 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 WTL-WQ01A-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 WTL-WQ01B-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2020 WTL-WQ02-2020 0.06 0.17 8 100 100 4 4 107 94, 95 <MDL 1 0.006 0.018 5 98 106 2 2 96 111, 111 <MDL 2
2021 A20-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A20-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A63-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A63-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A44-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A44-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A44-BLANK-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A65-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A65-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A65-WQ02-2021-A 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 A65-WQ02-2021-B 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 D01-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 D01-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
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Sample 
Year

Sample 
Identification

THg 
MDL 
(ng/L)

THg 
MRL 
(ng/L)

THg 
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OPR

THg 
MS 
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THg 
MS 
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THg Quality 
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Recovery 
MS MSD

THg 
Method 
Blank

THg 
IPR 
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MeHg 
MDL 
(ng/L)

MeHg 
MRL 
(ng/L)

MeHg 
DUP 
RPD

MeHg 
IPR

MeHg 
OPR

MeHg 
MS 

RPD

MeHg 
MS 

DUP 
RPD

MeHg Quality 
Control 

Sample % 
Recovery

MeHg 
Recovery 
MS MSD

MeHg 
Method 
Blank

MeHg 
IPR 
SD

Table A2.7:  Mercury (Hg) and methyl mercury (MeHg) water chemistry laboratory precision and accuracy results from Biotron Center for Experimental Climate Change Research. THg = total mercury, MDL = method 
detection limit, MRL = method reporting limit, DUP = duplicate, RPD = relative percent difference, IPR = initial precision and recovery, OPR = ongoing precision and recovery, MS = matrix spike, MSD = matrix spike 
duplicate, SD = standard deviation, NA = no available data.

2021 LAKE8-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4

2021 LAKE8-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4

2021 B03-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 B03-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 MMT-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 MMT-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4

2021 MMT-BLANK-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4

2021 WTL-WQ01-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
2021 WTL-WQ02-2021 0.06 0.17 4 102 105 1 1 101 102, 102 <MDL 3 0.01 0.02 8 100 97 4 4 103 106, 106 <MDL 4
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Endpoint Fish Species Waterbody Exposue 
Type Years Model Type Response (Dependent) 

Variable Fixed Effect Random Effects

SLSC Flooded 2018-2021 LMEM log10 dry Hg concentration year* log10 FL 1| waterbody/year

NSSB Flooded 2018-2021 LMEM log10 dry Hg concentration year+log10FL 1 + log10 FL 
|year:waterbody

SLSC Reference 2018-2021 LMEM log10 dry Hg concentration year* log10 FL 1| waterbody
SLSC Flooded+Reference 2018 Linear Model (ANCOVA) log10 dry Hg concentration waterbody + log10FL NA
SLSC Flooded+Reference 2019 Linear Model (ANCOVA) log10 dry Hg concentration waterbody + log10FL NA
SLSC Flooded+Reference 2020 LMEM log10 dry Hg concentration exposure*log10FL 1| waterbody
SLSC Flooded+Reference 2021 LMEM log10 dry Hg concentration exposure*log10FL 1| waterbody
NSSB Flooded+Reference 2020 LMEM log10 dry Hg concentration exposure+log10FL 1| waterbody
NSSB Flooded+Reference 2021 LMEM log10 dry Hg concentration exposure+log10FL 1| waterbody
SLSC Flooded 2018-2021 LMEM relative condition year* log10 FL 1| waterbody:year
NSSB Flooded+Reference 2018-2021 LMEM relative condition year* log10 FL 1| waterbody:year
SLSC Reference 2018-2021 Linear Model (ANCOVA) relative condition year* log10 FL NA
SLSC Flooded+Reference 2018 Linear Model (ANCOVA) relative condition waterbody + log10FL NA
SLSC Flooded+Reference 2019 Linear Model (ANCOVA) relative condition waterbody + log10FL NA
SLSC Flooded+Reference 2020 LMEM relative condition exposure+log10FL 1| waterbody
SLSC Flooded+Reference 2021 Linear Model (ANCOVA) relative condition exposure+log10FL NA
NSSB Flooded+Reference 2020 LMEM relative condition exposure+log10FL 1| waterbody
NSSB Flooded+Reference 2021 Linear Model (ANCOVA) relative condition exposure+log10FL NA
SLSC Flooded 2018-2021 LMEM C:N year* log10 FL 1| waterbody:year
NSSB Flooded 2018-2021 LMEM C:N year* log10 FL 1| waterbody:year
SLSC Reference 2018-2021 LMEM C:N year+log10FL 1 | year:waterbody
SLSC Flooded+Reference 2018 Linear Model (ANCOVA) C:N waterbody + log10FL NA
SLSC Flooded+Reference 2019 Linear Model (ANCOVA) C:N waterbody + log10FL NA

SLSC Flooded+Reference 2020 LMEM C:N exposure+log10FL 1 + log10FL | 
waterbody

SLSC Flooded+Reference 2021 LMEM C:N exposure+log10FL 1| waterbody
NSSB Flooded+Reference 2020 LMEM C:N exposure*log10FL 1| waterbody
NSSB Flooded+Reference 2021 LMEM C:N exposure*log10FL 1| waterbody

Table A2.8:  Summary of statistical models used to determine differences between flooded and reference lakes and between pre-flood (2018 and 2019) and post-
flood (2020 and 2021) years. "SLSC" = Slimy =Sculpin (Cottus cognatus). "NSSB" = Ninespine Stickleback (Pungitius pungitius).  "LMEM" = linear mixed 
effects model. "ANCOVA" = analysis of covariance. "FL" = fork length. "Hg" = mercury. "NA" = not applicable. 1|waterbody/year is equivalent to 
1|waterbody + 1|waterbody:year. It is the random variation in intercept for each waterbody as well as each waterbody:year interaction. 

Mercury

Relative 
Condition 

C:N 
Ratio
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Endpoint Fish Species Waterbody Exposue 
Type Years Model Type Response (Dependent) 

Variable Fixed Effect Random Effects

Table A2.8:  Summary of statistical models used to determine differences between flooded and reference lakes and between pre-flood (2018 and 2019) and post-
flood (2020 and 2021) years. "SLSC" = Slimy =Sculpin (Cottus cognatus). "NSSB" = Ninespine Stickleback (Pungitius pungitius).  "LMEM" = linear mixed 
effects model. "ANCOVA" = analysis of covariance. "FL" = fork length. "Hg" = mercury. "NA" = not applicable. 1|waterbody/year is equivalent to 
1|waterbody + 1|waterbody:year. It is the random variation in intercept for each waterbody as well as each waterbody:year interaction. 

SLSC Flooded 2018-2021 LMEM δ13C year* log10 FL 1| waterbody/year
NSSB Flooded 2018-2021 LMEM δ13C year* log10 FL 1| waterbody/year
SLSC Reference 2018-2021 LMEM δ13C year* log10 FL 1 | year:waterbody
SLSC Flooded+Reference 2018 Linear Model (ANCOVA) δ13C waterbody * log10FL NA
SLSC Flooded+Reference 2019 Linear Model (ANCOVA) δ13C waterbody + log10FL NA
SLSC Flooded+Reference 2020 LMEM δ13C exposure+log10FL 1| waterbody
SLSC Flooded+Reference 2021 LMEM δ13C exposure*log10FL 1| waterbody
NSSB Flooded+Reference 2020 LMEM δ13C exposure+log10FL 1| waterbody
NSSB Flooded+Reference 2021 LMEM δ13C exposure+log10FL 1| waterbody

SLSC
Flooded+Reference 

(each lake individually 
analysed)

2018-2021 Linear Model (ANCOVA) δ15N year* log10 FL NA

NSSB
Flooded+Reference 

(each lake individually 
analysed)

2018-2021 Linear Model (ANCOVA) δ15N year* log10 FL NA

δ15N

δ13C
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Total Hg MeHg % MeHg
17-08-18 0.498 0.0113 2.26
17-08-18 0.407 0.00375 0.922
20-08-18 0.319 0.0302 9.48
20-08-18 0.325 0.0113 3.46
20-08-18 0.385 0.0492 12.8
20-08-18 0.364 0.0275 7.54
20-08-18 0.361 0.0352 9.75
16-08-18 0.287 0.0113 3.93
16-08-18 0.284 0.0113 3.97
21-08-18 0.0400 0.00375 9.38
21-08-18 0.0400 0.0113 28.1
16-08-19 NA 0.0304 NA
16-08-19 NA 0.0230 NA
19-08-19 NA 0.357 NA
19-08-19 NA 0.162 NA
19-08-19 NA 0.125 NA
19-08-19 NA 0.0834 NA
19-08-19 NA 0.0602 NA
19-08-19 NA 0.0592 NA
18-08-19 NA 0.0663 NA
18-08-19 NA 0.0798 NA
16-08-19 NA 0.0323 NA
16-08-19 NA 0.0113 NA

A63

A65

Table A3.1:  Mercury concentrations (unfiltered) in water chemistry samples collected from flooded (A20, A63, A65, WTL) and reference (A44, 
B03, LK8) lakes between 2018 and 2021. Hg = mercury, MeHg = methryl mercury, NA = no available data.

Year Date 
(Day-Month-Year) Lake

Parameter (ng/L)

2018

A20

2019

WTL

LK8

A20

A63

A65

WTL

LK8
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Total Hg MeHg % MeHg

Table A3.1:  Mercury concentrations (unfiltered) in water chemistry samples collected from flooded (A20, A63, A65, WTL) and reference (A44, 
B03, LK8) lakes between 2018 and 2021. Hg = mercury, MeHg = methryl mercury, NA = no available data.

Year Date 
(Day-Month-Year) Lake

Parameter (ng/L)

14-08-20 1.07 0.0812 7.62
14-08-20 2.40 0.0979 4.09
14-08-20 2.00 0.0845 4.22
12-08-20 3.26 0.910 27.9
12-08-20 3.92 0.949 24.2
12-08-20 2.74 0.240 8.76
12-08-20 2.54 0.212 8.35
12-08-20 1.57 0.430 27.3
12-08-20 1.34 0.447 33.3
12-08-20 2.95 0.499 16.9
29-08-20 1.08 0.0195 1.80
29-08-20 1.08 0.00875 0.810
29-08-20 0.369 0.0025 0.677
29-08-20 0.451 0.0025 0.554
23-08-20 0.986 0.0025 0.254
23-08-20 0.907 0.00875 0.965
10-08-21 1.47 0.203 13.8
10-08-21 1.45 0.107 7.39
16-08-21 1.65 0.551 33.4
16-08-21 2.27 0.499 22.0
11-08-21 2.08 0.224 10.8
12-08-21 1.96 0.256 13.0
12-08-21 1.97 0.475 24.1
11-08-21 1.10 0.477 43.2
16-08-21 1.14 0.00375 0.329

2020

A20

A63

A65

WTL

A44

B03

LK8

2021

A20

A63

A65

WTL
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Total Hg MeHg % MeHg

Table A3.1:  Mercury concentrations (unfiltered) in water chemistry samples collected from flooded (A20, A63, A65, WTL) and reference (A44, 
B03, LK8) lakes between 2018 and 2021. Hg = mercury, MeHg = methryl mercury, NA = no available data.

Year Date 
(Day-Month-Year) Lake

Parameter (ng/L)

13-08-21 1.06 0.025 2.37
13-08-21 1.02 0.032 3.13
14-08-21 0.730 0.0113 1.54
14-08-21 1.01 0.0113 1.11
15-08-21 0.411 0.0113 2.74
15-08-21 0.549 0.0113 2.05

A44

B03

LK8

2021
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Fish Species Year Waterbody n Mean Minimum Maximum Standard 
Deviaiton

Standard 
Error 

WTL 30 0.171 0.121 0.511 0.0681 0.0124
A63 30 0.205 0.131 0.548 0.0863 0.0157
A65 34 0.179 0.106 0.380 0.0516 0.00885
A20 26 0.155 0.0837 0.333 0.0582 0.0114

Lake 8 31 0.120 0.0740 0.188 0.0267 0.00479
WTL 34 0.189 0.0790 0.656 0.123 0.0211
A63 7 0.188 0.144 0.238 0.0325 0.0123
A65 3 0.220 0.197 0.247 0.0253 0.0146
A44 35 0.166 0.0953 0.325 0.0506 0.00855
WTL 33 1.04 0.442 1.48 0.225 0.0393
A65 35 0.569 0.336 0.754 0.0956 0.0162
A20 37 0.473 0.206 0.984 0.182 0.0299

Lake 8 34 0.164 0.100 0.304 0.0452 0.00776
A44 34 0.198 0.115 0.408 0.0690 0.0118
B03 34 0.144 0.0554 0.278 0.0528 0.00905
WTL 32 1.76 0.818 3.28 0.447 0.0791
A63 29 1.75 1.03 2.43 0.317 0.0589
A65 12 0.788 0.496 1.43 0.283 0.0817
A20 6 0.531 0.400 0.668 0.119 0.0486

Lake 8 10 0.219 0.106 0.453 0.0965 0.0305
A44 8 0.229 0.148 0.389 0.0764 0.0270
B03 30 0.144 0.0100 0.403 0.0672 0.0123

Table A3.2:  Summary statistics for dry mercury concentration (mg/kg) in muscle rissue of Slimy Sculpin (Cottus cognatus; SLSC) 
and Ninespine Stickleback (Pungitius pungitius; NNST) collected at flooded (WTL, A63, A65, A20) and reference (LK8, B03, A44) 
lakes between 2018 to 2021.  "n" = number of observations. "NA" = no data available. Shading indicates post-flooding years of the 
study.

SLSC

2018

2019

2020

2021
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Fish Species Year Waterbody n Mean Minimum Maximum Standard 
Deviaiton

Standard 
Error 

Table A3.2:  Summary statistics for dry mercury concentration (mg/kg) in muscle rissue of Slimy Sculpin (Cottus cognatus; SLSC) 
and Ninespine Stickleback (Pungitius pungitius; NNST) collected at flooded (WTL, A63, A65, A20) and reference (LK8, B03, A44) 
lakes between 2018 to 2021.  "n" = number of observations. "NA" = no data available. Shading indicates post-flooding years of the 
study.

WTL 25 0.238 0.164 0.484 0.0747 NA
A63 2 0.528 0.392 0.663 0.192 0.135
A20 6 0.257 0.157 0.368 0.0835 0.0341
WTL 38 0.165 0.0850 0.293 0.0573 0.00929
A63 37 0.218 0.158 0.305 0.0355 0.00584
A65 49 0.205 0.123 0.590 0.0837 0.0120
A20 36 0.194 0.0980 0.468 0.0748 0.0125
WTL 33 1.35 0.731 1.77 0.259 0.0451
A63 34 1.60 0.963 2.57 0.401 0.0688
A65 35 0.791 0.299 1.57 0.333 0.0562
A20 35 0.740 0.218 2.32 0.423 0.0716
A44 3 0.194 0.190 0.198 0.00425 0.00246
B03 1 0.0826 0.0826 0.0826 NA NA
WTL 15 1.96 1.05 4.00 0.764 0.197
A63 16 2.20 1.30 3.42 0.637 0.159
A65 3 1.63 0.900 2.56 0.852 0.492
A20 19 1.05 0.644 2.16 0.430 0.0987
A44 4 0.297 0.181 0.423 0.115 0.0573
B03 9 0.169 0.107 0.274 0.0549 0.0183

2018

2019

2020

2021

NNST
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Sum of Squares Degrees of 
Freedom F-Value Pr(>F) Sum of Squares Degrees of 

Freedom F-Value Pr(>F)

(Intercept) 0.101587995 1 0.495696984 0.483255891 3.749482904 1 12.44113323 0.00078968
year 2.441784529 3 3.97154941 0.010512375 7.732984546 2 12.82938121 2.12E-05

log10(FL) 3.301186422 1 16.10808591 0.00012541 0.063515524 1 0.21075042 0.647759915
year:log10(FL) 2.371514916 3 3.857256262 0.012096371 7.275199054 2 12.06989377 3.65E-05

Residuals 18.0346943 88 NA NA 18.98680921 63 NA NA

(Intercept) 2.613337367 1 11.99713312 0.000854188 2.299838255 1 8.114420672 0.00600708
year 6.180722862 3 9.45801537 1.99E-05 3.3132202 2 5.844946362 0.004795121

log10(FL) 0.038652356 1 0.177442632 0.674695975 0.460441051 1 1.624554413 0.207372102
year:log10(FL) 5.300076616 3 8.110411551 8.68E-05 2.294918535 2 4.048531318 0.022422609

Residuals 17.64424256 81 NA NA 17.00556341 60 NA NA

(Intercept) 0.00367368 1 0.015239508 0.902061656 6.069110517 1 22.37420228 9.65E-06
year 2.901065535 2 6.017237387 0.003677714 11.97457929 3 14.71504259 1.06E-07

log10(FL) 0.012964989 1 0.053782595 0.817199533 6.402042539 1 23.60157957 5.89E-06
year:log10(FL) 2.975417507 2 6.171454332 0.003217048 NA NA NA NA

Residuals 19.28503297 80 NA NA 21.42913186 79 NA NA

(Intercept) 1.672089617 1 2.990629385 0.086686405 6.703641104 1 15.8226227 0.000117511
year 3.289878785 3 1.961379755 0.12430816 24.08339842 3 18.94803738 3.52E-10

log10(FL) 19.9689266 1 35.71558491 3.17E-08 6.501594598 1 15.34573177 0.000147001
Residuals 58.70650861 105 NA NA 52.53563284 124 NA NA

A63

A65

WTL

Table A3.3:  Lake-specific analyses of covariance (ANCOVA) results for the covariate δ¹⁵N ratios in Slimy Sculpin and Ninespine Stickleback fish 
tissue collected from flooded lakes between 2018 and 2021. FL = Fork Length, NA = not available.

Variable
Ninespine Stickleback Slimy Sculpin

A20
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Covariate Fish Species Exposure
Type Fork Length Estimate Standard 

Error
Degrees of 
Freedom T-Ratio P-Value

50 2018 2019 -0.149 0.0674 13.4 -2.22 0.168
50 2018 2020 0.0661 0.0710 16.5 0.930 0.789
50 2018 2021 0.116 0.0752 18.7 1.55 0.430
50 2019 2020 0.216 0.0595 13.4 3.62 0.0138
50 2019 2021 0.266 0.0645 16.1 4.12 0.00393
50 2020 2021 0.0504 0.0682 20.2 0.739 0.880
48 2018 2019 -0.0611 0.0598 11.16 -1.023 0.7401
48 2018 2020 -0.0464 0.0529 8.18 -0.876 0.8169
48 2018 2021 0.1724 0.0518 9.85 3.327 0.0332
48 2019 2020 0.0148 0.0624 10.36 0.236 0.9951
48 2019 2021 0.2335 0.0615 12.14 3.8 0.0115
48 2020 2021 0.2188 0.0548 9.12 3.991 0.0134
48 2018 2019 0.0746 0.0522 208 1.43 0.4821
48 2018 2020 0.0422 0.0476 208 0.887 0.8115
48 2018 2021 0.1769 0.0504 208 3.511 0.0031
48 2019 2020 -0.0324 0.0306 208 -1.058 0.7155
48 2019 2021 0.1023 0.0348 208 2.936 0.0192
48 2020 2021 0.1347 0.0275 208 4.899 <.0001
48 2018 2019 2.03 0.624 7.78 3.249 0.0482
48 2018 2020 4.68 0.564 5.82 8.309 0.0008
48 2018 2021 4.91 0.531 6.73 9.261 0.0002
48 2019 2020 2.66 0.678 7.21 3.917 0.0221
48 2019 2021 2.89 0.633 8.13 4.563 0.0077
48 2020 2021 0.23 0.585 6.6 0.393 0.9777

δ13C FloodedSLSC

Table A3.4:  Summary of pairwise difference contrasts for covariates of mercury concentrations in Slimy Sculpin (Cottus cognatus; SLSC) and 
Ninespine Stickleback (Pungitius pungitius; NNST). Flooded lakes include WTL, A63, A65, and A20. Reference lakes include A44, B03, and LK8. 

Contrast Years

NNST

Flooded

SLSCRelative 
Condition

SLSC Reference
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Covariate Fish Species Exposure
Type Fork Length Estimate Standard 

Error
Degrees of 
Freedom T-Ratio P-Value

Table A3.4:  Summary of pairwise difference contrasts for covariates of mercury concentrations in Slimy Sculpin (Cottus cognatus; SLSC) and 
Ninespine Stickleback (Pungitius pungitius; NNST). Flooded lakes include WTL, A63, A65, and A20. Reference lakes include A44, B03, and LK8. 

Contrast Years

50 2018 2019   1.81 0.559 10.21  3.239 0.0368
50 2018 2020   5.43 0.588 12.63  9.232 <.0001
50 2018 2021   3.61 0.605 13.80  5.976 0.0002
50 2019 2020   3.62 0.474   9.71  7.648 0.0001
50 2019 2021   1.80 0.51 12.09  3.535 0.0184
50 2020 2021 -1.82 0.542 15.45 -3.355 0.0196
48 2018 2019 -2.033 1.43 4.16 -1.422 0.5473
48 2018 2020 -1.239 1.188 4.46 -1.043 0.7358
48 2018 2021 -0.260 1.21 4.76 -0.215 0.996
48 2019 2020 0.794 1.127 3.62 0.704 0.8904
48 2019 2021 1.773 1.151 3.89 1.541 0.4967
48 2020 2021 0.979 0.831 4.2 1.178 0.668
48 2018 2019 -0.0409 0.142 11.06 -0.289 0.9912
48 2018 2020 -0.231 0.121 7.85 -1.905 0.2995
48 2018 2021 -0.2718 0.121 9.98 -2.242 0.1773
48 2019 2020 -0.1901 0.147 10.09 -1.295 0.5861
48 2019 2021 -0.2309 0.147 12.19 -1.573 0.428
48 2020 2021 -0.0408 0.127 8.99 -0.321 0.9878
50 2018 2019 -0.8775 0.17 13.6 -5.162 0.0008
50 2018 2020 -0.8451 0.179 16.6 -4.731 0.0011
50 2018 2021 -0.8923 0.186 18.7 -4.786 0.0007
50 2019 2020 0.0325 0.15 13.4 0.217 0.9962
50 2019 2021 -0.0148 0.159 15.9 -0.093 0.9997
50 2020 2021 -0.0473 0.168 19.9 -0.281 0.992

Flooded

δ13C

FloodedC:N

NNST

NNST

SLSC Reference

SLSC
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Covariate Fish Species Exposure
Type Fork Length Estimate Standard 

Error
Degrees of 
Freedom T-Ratio P-Value

Table A3.4:  Summary of pairwise difference contrasts for covariates of mercury concentrations in Slimy Sculpin (Cottus cognatus; SLSC) and 
Ninespine Stickleback (Pungitius pungitius; NNST). Flooded lakes include WTL, A63, A65, and A20. Reference lakes include A44, B03, and LK8. 

Contrast Years

48 2018 2019 0.000104 0.0436 11.14 0.002 1
48 2018 2020 0.018979 0.0385   8.15 0.493 0.9584
48 2018 2021 0.150662 0.0377   9.85 3.995 0.0117
48 2019 2020 0.018874 0.0455 10.34 0.415 0.975
48 2019 2021 0.150558 0.0448 12.13 3.357 0.0251
48 2020 2021 0.131683 0.0399   9.11 3.302 0.0376
48 2018 2019 -0.0733 0.0392 131 -1.872 0.245
48 2018 2020 -0.0267 0.029 187 -0.920 0.794
48 2018 2021 0.1269 0.0362 187  3.509 0.0031
48 2019 2020 0.0466 0.0269 164  1.733 0.310
48 2019 2021 0.2002 0.0333 147  6.010 <.0001
48 2020 2021 0.1536 0.0223 210  6.886 <.0001

Flooded

SLSCAge-at-Length

Reference
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Covariate Fish Species Exposure
Type Year Fork Length

Estimated 
Marginal 

Mean

Standard 
Error

Degrees of 
Freedom

Lower 
Confidence 

Level

Upper 
Confidence 

Level

2018 50 1.03 0.055 16 0.916 1.15
2019 50 1.18 0.0391 9.97 1.09 1.27
2020 50 0.966 0.0449 17.4 0.871 1.06
2021 50 0.916 0.0513 22.7 0.81 1.02
2018 48 1.078 0.0352 8.73   0.998     1.158
2019 48 1.139 0.0483 12.94   1.035     1.244
2020 48 1.124 0.0395 7.78   1.033     1.216
2021 48 0.906 0.038 11.00   0.822     0.989
2018 48 1.022 0.045 208   0.933     1.11
2019 48 0.947 0.0264 208   0.895     1.00
2020 48 0.98 0.0155 208   0.949     1.01
2021 48 0.845 0.0227 208   0.800     0.89
2018 48 -21.8 0.981 3.61 -24.6 -18.9
2019 48 -23.8 1.044 4.49 -26.6 -21.0
2020 48 -26.5 1.008 3.97 -29.3 -23.7
2021 48 -26.7 0.991 3.74 -29.5 -23.9
2018 50 -24.6 0.622 8.82 -26.0 -23.2
2019 50 -26.4 0.517 5.08 -27.7 -25.1
2020 50 -30 0.549 6.47 -31.4 -28.7
2021 50 -28.2 0.58 7.81 -29.6 -26.9
2018 48 -22.7 1.045 4.75 -25.5 -20.0
2019 48 -20.7 0.976 3.61 -23.5 -17.9

δ13C

SLSC

NNST

SLSC

Flooded 

Reference

Table A3.5:   Summary of estimated marginal means for covariates of mercury concentrations in Slimy Sculpin (Cottus cognatus; 
SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST). Flooded lakes include WTL, A63, A65, and A20. Reference lakes 
include A44, B03, and LK8. 

Relative 
Condition

NNST

Flooded 

SLSC

ReferenceSLSC
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Covariate Fish Species Exposure
Type Year Fork Length

Estimated 
Marginal 

Mean

Standard 
Error

Degrees of 
Freedom

Lower 
Confidence 

Level

Upper 
Confidence 

Level

Table A3.5:   Summary of estimated marginal means for covariates of mercury concentrations in Slimy Sculpin (Cottus cognatus; 
SLSC) and Ninespine Stickleback (Pungitius pungitius; NNST). Flooded lakes include WTL, A63, A65, and A20. Reference lakes 
include A44, B03, and LK8. 

2020 48 -21.5 0.564 3.64 -23.1 -19.9
2021 48 -22.5 0.61 4.78 -24.1 -20.9
2018 48   4.72 0.0813 8.61     4.53     4.90
2019 48   4.76 0.116 12.73     4.51     5.01
2020 48   4.95 0.0900 7.3     4.74     5.16
2021 48   4.99 0.0899 11.39     4.79     5.19
2018 50   4.36 0.1384 16.3     4.07     4.66
2019 50   5.24 0.0987 10.1     5.02     5.46
2020 50   5.21 0.1129 17.2     4.97     5.45
2021 50   5.26 0.1249 22.5     5.00     5.52
2018 48 1.001 0.118 8.7 0.75 1.288
2019 48 1.001 0.1625 12.91 0.679 1.385
2020 48 0.916 0.1266 7.75 0.643 1.233
2021 48 0.415 0.0902 11.02 0.229 0.628
2018 48 1.18 0.173 9.29 0.712 1.78
2019 48 1.58 0.189 6.31 1.01 2.32
2020 48 1.32 0.122 2.39 0.621 2.32
2021 48 0.63 0.1 4.14 0.259 1.11

δ13C SLSC Reference

C:N

SLSC

NNST

Flooded 

Age-at-
Length SLSC

Flooded

Reference
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