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 What an animal eats affects

metabolism and metabolites

 Eating blubber = more fatty acids

and phospholipids

 Eating more meat or plants =

changes in profiles and levels of

fatty acids and increases in amino

acids

 Isotopes of nitrogen and carbon

(15N and 13C) and fatty acid

profiles can be used to measure

differences in diet

Metabolism breaks down the nutrients into metabolites

Metabolites are used for energy or to make other metabolites & 

nutrients – measuring them can tell us about an animal’s health

Our metabolomics analysis compared levels of 200+ metabolites in 
different populations of polar bears and ringed seals to explore 
relationships between metabolites, diet and contaminant levels

Animals and plants contain nutrients like proteins, fats & starches

After eating, food is broken down by metabolism into nutrients

Proteins Starches

Amino acids
(metabolites)

Fats

Sugars
(metabolites)

Fatty acids
(metabolites)

 Few contaminants were detected in

liver compared with blubber/fat

 PFOS was dominant in the

contaminant profiles of both species

 Oxychlordane was the greatest

chlorinated compound in both species,

and exceeded PFOS concentrations in

polar bears

 Patterns were opposite in seals vs

bears; PFASs were greater in High

Arctic bears over HB, but were greater

in HB seals over the High Arctic

+ +

 Disease, diet, age, environmental conditions,

contaminant levels and many other factors can affect

metabolite profiles in wildlife.1,2,3

 Identifying the most important factors is complex, but

statistical methods help find patterns and identify what

drives the differences between groups

 Some consistent associations have now been

established between contaminants and metabolites

 Changes in patterns and concentrations of fatty acids

were related to changes in perfluorinated alkyl

substances (PFAS) in polar bears2,3

 Contaminant concentrations (mercury, some pesticides)

were related to arachidonic acid levels in polar bear

liver,3 which could be due to inflammation from chronic

contaminant exposure
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 Polar bears Ringed seals 
  WHB Baffin Bay WHB Lancaster Sound 

Year 2015 2015 2015 2016 
Month Sept-Oct Oct-Dec Oct May-June 

Age 6.5  3.9 In process 6.6  7.1 7.8  7.1 
n 15 15 15 13 
Adult males 6 7 2 5 
Adult females 4 1 6 4 
Subadults 5 7 7 4 

13C (‰) -18.9 ± 0.739 -17.9 ± 0.398 -21.1 ± 1.16 -19.2 ± 0.683 

15N (‰) 18.9 ± 1.82 20.2 ± 0.605 16.3 ± 0.471 17.6 ± 0.677 

 
 Polar bears were sampled by hunters from Rankin

Inlet, Whale Cove, Arviat, Chesterfield Inlet, Pond

Inlet, Clyde River and Qikiqtarjuaq

 Ringed seals were sampled by hunters from Arviat

and Resolute Bay

 High Arctic animals have stronger marine 13C values and

greater trophic position (15N) than WHB

 Omega-3 fatty acids were enriched in High Arctic animals, while

saturated FAs and omega-6 FAs were enriched in WHB

 Nutrient dynamics and diet are different between inland Hudson

Bay, and the open Ocean

 Hudson Bay animals have broader carbon signatures which

could be due to the large catchment of the bay and/or a more

diverse diet with increasing numbers of North Atlantic species
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 Contaminants and metabolites were both measured

in liver of polar bears and ringed seals

 Fatty acids were assessed in adipose/blubber

 Stable isotopes (15N, 13C) assessed in muscle

 Contaminants and fatty acids were analyzed at the

National Wildlife Research Centre (ECCC, Ottawa,

ON) with some ringed seal analysis at the Canada

Centre for Inland Waters (ECCC, Burlington, ON)

 Metabolomic analyses were performed in at SGS

AXYS (Sidney, BC)

 Statistics were executed using Metaboanalyst v.4.0,

SYSTAT and Sigmaplot

 Stable isotopes were measured at the GLIER

(University of Windsor)

 All methods have been validated and published3,4,5,6
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Carbon (13C) and nitrogen (15N) stable 

isotopes in polar bear and ringed seal
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Tissue samples

GC-MS

LC-MS

Samples were collected 

under the NCP monitoring 

programs and archived at 

ECCC Ottawa and 

Burlington

High Arctic polar bears

WHB polar bears

High Arctic seals 

WHB Seals

Concentrations of organic contaminants (ng/g wet weight) in liver of ringed seals from Lancaster Sound and 

Western Hudson Bay  polar bears from the Baffin Bay and Western Hudson Bay

Total fatty acids (FAs) as a percentage of all FAs in polar bear 

fat and ringed seal blubber
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 Concentrations of mercury in polar bears and seals

were similar in scale, unlike organic contaminants

 Again the pattern of concentrations in High Arctic 

vs HB were opposite in bears versus seals
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 Initial

statistical

screening

showed clear

separation

between bears

and seals, and

between

populations of

bears & seals

5 PFASs, 2 PBDEs, -HCH (chlorinated pesticide) and THg

were greater in the High Arctic bears

 PFNA, PFHxS, PFDS and PFOS were highly influential on

the separation of the two groups of bears

The isotopic dietary indicators (13C, 15N) were also ranked

highly and covaried with lipids, Glu, and other AAs

Lipids involved in storage and metabolism of fatty acids as

well as cellular signaling were ranked the greatest

Arachidonic acid was an influential and significantly different

in liver, but not in fat (dietary analysis)
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PLS-DA score and VIP plots for polar bearsPLS-DA score plot of all 4 groups

Heatmap of

the polar

bears showed

that lipids

were greater

and covaried

in High Arctic

bears, while

AAs did so in

WHB bears


