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We investigated the influence of carbon and lipid sources (using 

carbon stable isotope (SI) ratios (δ13C) and fatty acid (FA) 

profiles as chemical tracers) on regional differences in total 

mercury (THg) concentrations in polar bears (Ursus maritimus) 

(n=121) from ten Alaskan, Canadian Arctic and East Greenland 

subpopulations (1).  

 

A negative relationship between THg and δ13C suggested polar bears 

feeding in areas with higher riverine inputs of terrestrial carbon 

accumulate more Hg than bears feeding in areas with lower 

freshwater input. THg concentrations were also positively related to 

the FA 20:1n-9, which is biosynthesized in large amounts in Calanus 

copepods. This result raises the hypothesis that Calanus glacialis are 

an important link in the uptake of Hg in the marine food web and 

ultimately in polar bears. Unadjusted THg concentrations showed 

greater geographical variation among polar bear subpopulations, 

while THg concentrations adjusted for carbon and lipid sources in 

Bering-Chukchi Sea polar bear liver tissue remained the lowest 

among subpopulations. We suggest that food web structure and 

dietary exposure for polar bears and other high trophic species is 

taken into account to correct for changes in diet, when assessing 

spatial and temporal trends of Hg and other long-range transported 

trace elements. 
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Regional differences in polar bear food web length appear to play a role explaining 

subpopulation differences in THg conc. (also and other trace elements). 

 

Changing climate may be affecting the natural cycles and long-range transport of Hg 

(and other elements), as well as access, abundance, distribution of polar bear prey. 

 Subset of 12 dietary FAs (7): linoleic acid γ-linolenic acid cis-11-eicosenoic acid, α-

linolenic acid (ALA), cis-11,14-eicosadienoic acid, cis-8,11,14-eicosatrienoic acid , 

erucic acid, cis-11,14,17-eicosatrienoic acid (ETA;), arachidonic acid (ARA;), cis-

5,8,11,14,17-eicosapentaenoic acid (EPA), cis-7,10,13,16,19-docasapentaenoic acid 

(DPA) and cis-4,7,10,13,16,19-docasahexaenoic acid (DHA;) 

Figure  2. Geometric mean concentrations (μg/g wet weight  95% 

confidence intervals) of THg in liver of polar bears from ten subpopulations 

before (white circles) (1) and after (black circles) adjusting for δ13C and FAs. 

Concentrations of total Hg were adjusted a priori for age. See Table 1 for 

subpopulation abbreviations on the x-axis. 
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The polar bear is an apex predator and occupies a high trophic 

position in circumpolar arctic marine ecosystems. Mercury (Hg) has 

and continues to be reported at high concentrations in polar bears 

(2,3). Hg in Arctic biota are influenced by physical factors including 

riverine output and geology, as well as biological factors such as 

underlying food web structure that are manifested in the diet of higher 

trophic level wildlife (4). The food web length and diet composition of 

polar bears are known to vary considerably between Arctic 

subpopulations (5). However, it remains unclear how these factors 

influence spatial variation in Hg levels in polar bears.  

 

Chemical tracers, such as δ13C and FA composition, have been used 

to elucidate trophic relationships and food web structure. δ13C 

delineates the major carbon sources of an organism i.e. 

benthic/pelagic, marine/terrestrial and freshwater/marine. FAs may be 

used to assess individual diet composition of animals. Carbon and 

nitrogen SIs have become powerful tools to study dietary exposure 

and biomagnification of persistent contaminants including Hg in 

marine ecosystems (6), while FA composition has been used in 

contaminant studies only recently including polar bear subpopulations 

(7,8).  

Introduction 

Subpopulation n (males: 

females) 

median age, 

years (range) 

δ15N  SD  δ13C  SD 

Alaska- Bering-Chukchi Sea (CB) 11 (7:4) 7.0 (2-22) 21.1  0.5 -16.8  0.3 

Southern Beaufort Sea (SB) 10 (7:3) 9.0 (4-20) 21.0  0.8 -19.1  0.4 

Northern Beaufort Sea (NB) 24 (17:7) 6.0 (3-24) 21.5  0.7 -19.2  0.6 

Gulf of Boothia (GB) 6 (4:2) 8.5 (3-24) 21.5  0.8 -17.5  0.5 

Lancaster/Jones Sound (LJS) 12 (10:2) 6.0 (3-11) 21.3  0.5 -17.6  0.5 

Southern Hudson Bay (SHB) 12 (8:4) 9.0 (3-22) 19.0  0.7 -18.9  0.3 

Western Hudson Bay (WHB) 11 (8:3) 7.0 (3-29) 18.8  1.7 -18.8  0.6 

Baffin Bay- N.E. Baffin Island (BB) 10 (7:3) 5.0 (2-10) 20.2  0.8 -17.5  0.6 

Davis Strait- S.E. Baffin Island (DS) 5 (5:0) 4.0 (3-6) 19.5  1.1 -16.6  0.7 

E. Greenland-Scoresby Sound (EG) 20 (14:6) 6.5 (3-19) 18.3  0.4 -18.7  0.3 

all females 34 7 (2-24) 20.2  1.5 -18.6  1.0 

all males 87 7 (3-29) 20.2  1.5 -18.2  1.0 

Table 1. Subpopulation, number of individuals, age and stable isotope 

ratios of polar bears investigated for the influence of dietary tracers, sex 

and age on THg conc. (1). 

Conclusions 

THg conc. significantly (p<0.05) higher in WHB and SHB bears and 

lower in SB and NB bears for δ13C and FA adjusted versus 

unadjusted THg conc. (Fig. 2). Subpopulation-specific influence of 

the food web also found for adjusted versus unadjusted Se, Cd and 

As conc. (1). 

Harvests and Sample Collections 

•Season: Fall/Winter (Oct. – mid-May)  

• Years: 2005-2008 (mainly 2007-2008)  
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FA composition (not shown, see (1)) suggested polar bear diet coupled to the pelagic marine 

food web; FA composition differed among the polar bear subpopulations, while variation between 

seasons and sexes was minor; FA results (i.e. 20:1n-9 and 22:1n-9) suggested Calanus 

copepods are proportionally greater in the polar bear food webs in higher vs. lower latitudes. 

  

δ13C signatures were depleted in the BS, HB and EG bears compared to the remaining 

subpopulations (ANOVA, p<0.001, Table 1). Depleted δ13C in bears may originate from terrestrial 

organic carbon input by rivers into the BS and HB. 

 

Concentrations of THg were related to FAs and/or δ13C and the relationships were mainly related 

to subpopulation differences (Fig. 1). 
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