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Supplemental Information on Quality Control of Mercury Analyses

Quality control during the analyses consisted of method blanks and spike samples, with 15% of fish samples measured in triplicate, and was based on certified standards from the National Research Council of Canada (NRCC) or the Food Analysis Performance Assessment Scheme (FAPAS, Sand Hutton, York, U.K.). Furthermore, triplicate samples of muscle tissue were taken from 10% of all selected fish and sent to the laboratory without its knowledge (blind samples) for additional quality control.  

The evaluation of analytical performance (relative to repeatability), determined using the different control procedures, helped establish the yearly average coefficient of variation (standard deviation/mean × 100) of measurements, which varied from 3.4% to 17.2% from 1986 to 2006 based on NRCC control (mean of 6.2%) and from 5.2% to 14.2% since 2007, based on FAPAS control, with a mean of 9.0%. In regard to replicability, for concentrations lower than 0.30 µg g-1, the yearly coefficient of variation for accuracy varied from 3.1% to 7.3% from 1995 to 2012 (overall mean of 5.5%). 

Supplemental Information on Spatial and Temporal Variability in Fish of Natural Lakes

Results

For most species, there are no significant differences (p > 0.05) between overall mean THg concentrations in fish of standardized length in the West and East sectors (Table S1). The only exception is lake whitefish, which show a higher mean THg level (p < 0.05) in lakes in the East sector (0.16 µg g-1) compared to the West sector (0.11 µg g‑1). 
However, great spatial variability in fish THg is observed between natural lakes within each of the two sectors. Mean THg levels for standardized lengths often vary by factors of as much as 3 to 4. For example, mean THg levels at standardized length vary from 0.30 to 1.02 µg g-1 in walleye and from 0.05 to 0.20 µg g-1 in lake whitefish, from one lake to another in the West sector. No particular geographic trend emerges though, except in lake whitefish, which show generally higher levels in the East sector. 
THg levels were monitored regularly from 1984 to 2012 in fish of a few natural lakes, such as Rond-de-Poêle lake (West sector) and Hazeur lake (East sector). Temporal variations in mean THg concentrations in the main fish species of these lakes, are sometimes significant (p < 0.05), but do not reveal any particular temporal trend (Fig. S1). 

For each species and lake, the year-to-year differences observed are relatively small compared to the changes observed after the reservoirs’ impoundment, and therefore do not affect the interpretation of changes in levels since the environments were modified. Moreover, annual mean THg concentrations, with the exception of northern pike in Rond-de-Poêle lake in 2009 (Fig. S1c), all fall within the range of mean levels measured for a standardized length for all of the natural lakes. 

Discussion

The results of our study of natural lakes show that, for most species, comparable THg levels were obtained in the West and East sectors of the region, but that levels vary greatly within each sector.

Unlike for other species, the significantly higher (p > 0.05) mean THg concentration obtained in lake whitefish of standardized length in the East sector (0.16 µg g-1), compared to the West sector (0.11 µg g-1), may be explained by the ingestion of prey with higher THg levels. In fact, MeHg and THg levels measured in planktonic organisms and in benthic invertebrates eaten by lake whitefish are two to four times higher in East sector lakes than in West sector lakes (Doyon et al. 1996).

In these natural environments, where there are no direct sources of Hg and where deposition rates are assumed to be similar, THg levels seem to vary mostly on the basis of the physicochemical properties of the water bodies, particularly their organic matter content. This could explain the high variability in mean THg in fish between lakes of the same sector or even between neighboring lakes. Lucotte et al. (1999) showed that in a series of lakes of different water quality types in the NBR region, just south of our study area, for which mean values of water color and total organic carbon (TOC) increase gradually from 31 to 121 Pt-cobalt color units, and from 4.5 to 12.5 mg L-1 of C of TOC, mean THg levels in fish of standardized length also increase gradually (from 0.10 to 0.21 µg g-1 in lake whitefish and from 0.50 to 1.56 µg g-1 in northern pike. Several other authors also report a relationship between fish Hg levels and the level of organic matter (dissolved organic carbon and humic acids) (Mannio et al. 1986, McMurtry et al. 1989, Wren et al. 1991, Lange et al. 1993, Haines et al. 1994, Driscoll et al. 1995). 
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Tables and Figures:

Table S1 Range of mean concentrations (µg g-1, wet weight) of total mercury measured in fish of standardized length in natural lakes in the La Grande complex (adapted from Lucotte et al., 1999).

	Species
(standardized length)
	West sector
	
	East sector

	
	Number of fish
	Number of lakes
	Range of means THga
(µg g-1)
	Overall mean THgb 
(µg g-1)
	
	Number of fish
	Number of lakes
	Range of means THga 
(µg g-1)
	Overall mean THgb 
(µg g-1)

	Lake whitefish (400 mm)
	503
	21
	0.05 - 0.20
	0.11
	
	187
	8
	0.10 - 0.30
	0.16

	Longnose sucker (400 mm)
	182
	7
	0.12 - 0.22
	0.12
	
	246
	9
	0.06 - 0.20
	0.13

	Northern pike (700 mm)
	373
	18
	0.30 - 0.93
	0.60
	
	120
	4
	0.36 - 0.92
	0.59

	Walleye (400 mm)
	353
	13
	0.30 - 1.02
	0.59
	
	
	
	
	

	Lake trout (700 mm)c 
	
	
	
	
	
	254
	10
	0.71 - 1.44
	0.93


a.
Range of mean THg concentrations per lake.

b.
Overall estimated mean for standardized length in each region with fish of all water bodies pooled as one data set.

c.
Some lake trout were caught in the West Sector, but in insufficient number to allow an estimation at a length of 700 mm.
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Fig. 2 Temporal evolution of mean total mercury levels at standardized length of major fish
species caught in the natural lakes of the La Grande complex.

a) Longnose Sucker (400 mm), Hazeur Lake (East sector)
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5 b) Lake whitefish (400 mm), Rond-de-Poéle Lake (West sector)
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c) Northern Pike (700 mm), Rond-de-Poéle Lake (West sector)
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d) Walleye (400 mm), Rond-de-Poéle Lake (West sector)
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e) Lake Trout (700 mm), Hazeur Lake (East sector)
2 1.44
1.0 4 } I
l i 4
071
0.5
ab a ab ab ab ab b ab ab ab
00 T T 1T 1171111117 1115111117 1111 1T

O B > P @ F > P PO W
I L AP S L SO S S

Year

&
& '\9%% \‘5%%

Note: Vertical bars represent confidence intervals (@<0.05) of average means.

Letters attributed to mercury levels in fish of natural lakes indicate the
results of year to year multiple comparisons of means where the letter a
is given to the highest value and where levels with different letters are
significantly different (a<0.05).

Range of mean levels measured in natural lakes
of the sector for a standardized length.




Fig. S1.
Temporal evolution of mean concentrations of total mercury (µg g-1 wet weight, ±95% CI) at standardized lengths of the main fish species caught in natural lakes in the La Grande complex.

