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RELATIONSHIPS AMONG WALLEYE MERCURY, 
SELENIUM, STABLE ISOTOPES, SIZE AND AGE―
Bioaccumulation of mercury is well-documented in aquatic 
ecosystems and occurs as mercury is accumulated and passed 
up food chains (Kidd et al. 1995, Atwell et al. 1998, Downs 
et al. 1998). Trophic level correlations have been widely re-
ported for mercury (Snodgrass et al. 2000) and other metals 
(Barron 1995). Generally, within a system, carnivores have 
the highest mercury loadings, omnivores intermediate and 
herbivores the lowest (Phillips et al. 1980). However, little 
research has focused on the differences in mercury bioac-
cumulation for a single species that ranges across multiple 
trophic levels (Burger et al. 2001).

Stable isotope analysis has expanded the understanding 
of pathways and mechanisms that promote bioaccumulation 
through food webs (Peterson and Fry 1987). For example, 
nitrogen enrichment at each trophic transfer can describe an 
individual’s trophic position and often is correlated to con-
taminant concentrations (Sunda and Huntsman 1998) and 
bioaccumulation rates (Atwell et al. 1998). Further, distinct 
carbon signatures can describe energy inputs to a system or 
an individual (e.g., benthic vs. littoral energy base; Hecky 
and Hesslein 1995) and can provide information on how dif-
ferent contaminants are introduced into a water. 

Selenium can function as a binding agent and subsequent-
ly reduce mercury distribution in animal tissues (Fang 1977, 
Mauk and Brown 2001). Selenium can have a mitigating ef-
fect on mercury accumulation in fish in freshwater (Cappon 

and Smith 1981, Chen et al. 2001) and marine systems (Lyle 
1986, Barghigiani et al. 1991). Significant antagonistic ef-
fects of selenium on mercury accumulation have only been 
documented in a few instances (Paulsson and Lundberg 1991, 
Chen et al. 2001), whereas, mixed results have been found for 
far more species and systems (Heisinger et al. 1979, Turner 
and Rudd 1983). The antagonistic interaction of selenium 
and mercury are of special consideration when examining 
frequently consumed fish species from systems having high 
mercury loads. In some instances, selenium additions have 
been recommended to reduce negative impacts of mercury 
accumulation and toxicity (Rudd and Turner 1983, Turner 
and Rudd 1983).

The objective of our study was to determine mercury 
concentrations in walleye (Sander vitreus) muscle tissue in 
Lake Oahe, South Dakota and identify relationships between 
mercury concentrations to age, length, mass, selenium con-
centrations, and stable isotope values. We hypothesized that 
mercury levels would increase with walleye age and size 
(length and mass) and, as a result of the antagonistic proper-
ties of selenium, an inverse relationship between selenium 
and mercury loadings will be observed. Finally, we predict 
that mercury loading will be positively related to trophic po-
sition, further supporting the metal bioaccumulation concept. 

Lake Oahe extends from Bismarck, North Dakota to 
Pierre, South Dakota. The South Dakota portion of Lake 
Oahe has a surface area of approximately 145,000 ha, with a 
mean depth of approximately 19 m and a maximum depth of 

Figure 1. Lake Oahe study area in central South Dakota, USA, and the locations of walleye sampling sites, 2010.
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67 m (Michaletz et al. 1986). We selected three sites within 
Lake Oahe based on proximity to a boat ramp and equidistant 
from each other, to collect adult walleye. These sites included 
Mobridge, Whitlock Bay, and Minneconjou Bay (Fig.1). 

We collected walleye 13–15 May 2010 from Mobridge (n 
= 13), Whitlock Bay (n = 15), and Minneconjou Bay (n = 15) 
with standard multifilament nylon gill nets (91.4 m long × 
1.8 m deep), with 15.2-m panels of the following mesh sizes: 
12.7, 19.1, 25.4, 31.8, and 38.1 mm. We deployed three ex-
perimental mesh gill nets at sunrise and checked them within 
2 hrs of their initial deployment. Upon retrieval, we measured 
walleye total length (TL; mm) and weight (g), and extracted 
sagittal otoliths for age determination. We used two experi-
enced readers to estimate age of each fish. If a discrepancy in 
age existed between the two readers, we used a third reader to 
confirm a consensual age estimate. We placed walleye on ice 
for later tissue extraction. We removed a 2-g sample of white 
muscle tissue anterior to the dorsal fin from each walleye; all 
muscle samples were dried at 70° C for 72 hrs, pulverized, 
and placed in 4 × 6 mm tin capsules for isotopic analysis. We 
determined stable carbon (δ13C) and nitrogen (δ15N) isotope 
values using mass spectrometry. We reported isotope values 
in Δ notation, as per mille (‰) deviations from a standard 
material (Pee Dee Belemnite carbon or atmospheric nitro-
gen). We did not perform lipid extraction on tissue samples 
prior to analysis because the carbon-to-nitrogen (C:N) ratio 
was <4, which is indicative of non-fatty tissue (Sanderson et 
al. 2009). Because walleye isotope signatures were not com-
pared across multiple systems, no baseline corrections were 
needed.

We analyzed the remaining dorsal muscle for total mercu-
ry and selenium concentrations following standard operating 
procedures outlined in the South Dakota Department of Nat-
ural Resources Fish Sampling Protocol, 2/2011; Whole Fish 
Collection. We removed approximately 200 mg of walleye 
muscle tissue anterior to the dorsal fin and above the lateral 
line. We analyzed muscle tissue for mercury concentration 
using EPA method 7473. We determined selenium concentra-
tion by ICP-MS for EPA method 200.8 by digesting approxi-
mately 0.25 g of tissue.

We compared age, total length, weight, selenium concen-
tration and mercury concentration between sites using analy-
sis of variance (ANOVA). If significant differences were 

found, we used a Tukey pairwise comparison to identify site 
specific differences. Current tagging studies suggest walleye 
in Lake Oahe can move up to 300 km in less than two months 
(E. Felts, South Dakota State University, personal communi-
cation), thus, specimens were pooled across sites for further 
analyses. We used linear regression to examine relationships 
between mercury concentration and walleye total length, 
weight, age and selenium content. We also used linear re-
gression to examine relationships between element concen-
trations (e.g., mercury and selenium) and isotopic signatures.

Walleye ranged from 360 to 580 mm TL, weighed 381 
to 2,109 g and were 2 to 14 yr-of-age (Table 1). There were 
no differences in mean TL (F2,40 = 2.267, P = 0.12) or weight 
(F2,40 = 3.046, P = 0.06) between sites. However, mean ages 
were different between sites (F2,40 = 5.188, P = 0.01) with 
Mobridge walleye being older than those collected at Min-
neconjou Bay. Mercury concentrations ranged from 0.24 to 
0.70 ppm and selenium concentrations from 0.34 to 1.02 
ppm. Because metal concentrations were previously found to 
vary between sites on Lake Oahe (Mauk and Brown 2001), 
we tested walleye concentrations across sites. Mercury con-
centrations (F2,40 = 8.569, P < 0.01) and selenium concentra-
tions (F2,40 = 18.31, P < 0.01) were different between samples 
locations with the Mobridge walleye exhibiting 0.08 and 0.21 
ppm higher mercury and selenium concentrations, respec-
tively, than walleye collected at more downstream locations. 

We found significant positive relationships between mer-
cury concentration and TL, mass and age of Lake Oahe wall-
eye (P < 0.05; Fig. 2), which is frequently observed in other 
species. Other than age (r2 = 0.61), relationships with TL or 
mass were weakly positive (r2 = 0.23–0.31). The weak rela-
tionships between mercury concentration and TL or mass in 
Lake Oahe walleye are contrary to other findings. Wiener et 
al. (1990) used stepwise regression to determine predictors 
for muscle mercury concentration in walleye and identified 
muscle mercury as being maximally correlated to TL. Munn 
and Short (1997) found similar strength in models using age 
or TL to predict walleye mercury concentrations. Thus, the 
poor predictive ability of Lake Oahe walleye TL to forecast 
walleye mercury concentration during this study was unex-
pected. 

Stronger correlations between mercury concentration 
and age, as opposed to length, are rare, but one explana-

Table 1. Mean walleye age, total length, weight, mercury, selenium, and nitrogen and carbon signatures (standard error in paren-
theses) from three sites on Lake Oahe, South Dakota, USA, 2010.

Site n Age (yr)
Total length 

(mm) Weight (g)
Mercury 
(ppm)

Selenium 
(ppm) δ15N (0/00) δ13C (0/00)

Mobridge 13 8 (1.08) 513 (16.73) 1,406 (114.29) 0.42 (0.03) 0.66 (0.05) 17.6 (0.22) –26.5 (0.19)
Minneconjou 15 4 (0.31) 473 (13.95) 1,071 (99.13) 0.31 (0.01) 0.47 (0.02) 17.1 (0.13) –26.5 (0.19)

Whitlock 15 6 (0.70) 502 (10.31) 1,349 (97.67) 0.34 (0.01) 0.42 (0.01) 17.6 (0.19) –26.5 (0.10)
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tion to this phenomenon is that mercury accumulates even 
when food becomes limited and fish growth slows (Downs 
et al. 1998). Thus, an age-predictor of mercury concentra-
tion better explains muscle tissue mercury when compared to 
length or mass. As fishery managers, this becomes increas-
ingly problematic when determining fish consumption ad-
visories. Guidelines are most often implemented based on a 
size category such as length or mass. However, age based 
implementation may be cumbersome, as size-at-age for Lake 
Oahe walleye can vary substantially. Age also was positively 
related to selenium concentrations (r2 = 0.13, P = 0.02; Fig. 
2) and a positive relationship was present between mercury 
and selenium concentrations in Lake Oahe walleye (r2 = 0.23, 
P < 0.01; Fig. 3). The expected inverse relationship between 
selenium and mercury concentrations was not found in Lake 

Oahe walleye suggesting, in this case, increased selenium 
concentrations did not reduce mercury concentration in fish 
tissues. 

The positive relationship between selenium and mercury 
in Lake Oahe walleye was noteworthy. Selenium has been 
shown to reduce the toxic effects of chronic methylmercury 
exposure in mammals (Ralston et al. 2008). At high concen-
trations, selenium exhibits protective properties on mercury 
toxicity in salmonid eggs (approximately 100 mg/l; Klaver-
camp et al. 1983b), and selenium may decrease mercury me-
tabolism in some systems (selenium concentrations from 1 to 
10 µg/l; Fimreite 1979, Klaverkamp et al. 1983a). Although 
it does not appear that selenium is acting to reduce mercury 
concentrations in Lake Oahe walleye, the potential for seleni-
um to reduce the toxic effect of mercury exposure is present. 
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Figure 2. Relationship between total mercury (Hg; left panel) and total selenium (Se; right panel) concentrations (ppm) and total 
length (mm), weight (g) and age (yrs) of walleye collected from Lake Oahe, South Dakota, USA, 2010. 
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Walleye δ15N isotope signatures ranged from 15.99 to 
18.83 which represented approximately one full trophic level 
using the 3.4‰ fractionation benchmark commonly used 
(Table 1; Minagawa and Wada 1984). Walleye δ13C isotope 
signatures ranged from –28.35 to –25.47. No relationships 
were observed between mercury concentrations and δ15N (r2 
= 0.00, P = 0.90), or δ13C (r2 = 0.05, P = 0.14) in muscle 
tissue. Additionally, no relationships were observed between 
selenium concentration and δ15N (r2 = 0.02, P = 0.35) or be-
tween selenium concentrations and δ13C (r2 = 0.01, P = 0.52). 
The lack of a relationship between mercury and selenium 
with stable isotope ratios is unusual because of the wide 
range of both δ15N and δ13C observed in our samples. Inci-
dental sediment ingestion may increase chances of mercury 
accumulation and has been observed in species that spend 
considerable time near the water-sediment interface (Camp-
bell 1994). Walleye, being a relatively benthic species, may 
ingest different rates of sediment mercury, adding variabil-
ity to current models and potentially explain poor agreement 
with isotope signatures or growth metrics observed.
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