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Methodology – Ecosystem Bioaccumulation Model

Photo credit: Fisheries and Oceans 
Canada. Harwood et al., 2015

Our research is designed to build on the existing understanding of beluga and Beaufort sea ecosystem
Existing Understanding of 
Beaufort Sea Food Web

Figure 2. Beaufort Sea food web
structure comprised of 31 key
functional groups including
beluga whales (y-axis represents
the trophic level). Figure credit:
Hoover et al. 2014.

• Mercury (Hg) is a bioaccumulative neurotoxicant that is known to pose serious adverse 
effects on ecological and human health in the Canadian Arctic.

• Apex predators like beluga can have Hg concentrations up to 100 million times of seawater. 
The historical trend of Hg concentrations in beluga liver and muscle show peak 
concentrations around 2002 (Figure 1).

• Much of the past research has focused on examining the effect of individual factors (e.g., 
diet, habitat use, prey Hg levels, global Hg emissions, climatic variability) on Hg levels in 
beluga. However, no single factor can explain the observed Hg temporal trend.

• Due to the rapid climate change in the Arctic and global implementation of policies for 
reducing Hg emissions, many factors such as habitat use, food web structure, Hg 
concentrations in the air and seawater are likely changing concurrently. 

Context and Objectives

Tools to Document Inuit Knowledge - Fuzzy Cognitive Mapping 

The Influences of Environmental Changes on Mercury Burden of 
Beaufort Beluga Food Web 
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We aim to conduct a holistic analysis on how global change has influenced beluga
Hg levels by altering their physical environment and food web structure.
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Fuzzy cognitive mapping is a method of graphically representing 
the causal relationships between elements of a system through a 
series of nodes (elements) and connecting arrows (direction and 
magnitude of influences), as understood by knowledge holders.

Figure 1. Historical variability of mercury
concentrations in beluga liver. Year 2002 is the
tipping point for mercury burden in old whales’
liver. Figure credit: Loseto et al. (2015).

Tools to Build Ecosystem Bioaccumulation Model
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We will use fuzzy cognitive mapping to address 

two following questions. 

• What are key drivers of beluga health and 

abundance?

• How have these drivers, or the structure of the 

system, changed over the past 30 years?

Ecopath with Ecosim (EwE) is a free ecological/ecosystem 
software. Beaufort Sea ecosystem model (dashed box in the 
diagram below) has been previously parameterized in existing 
literature (e.g., Hoover 2013). We will use Ecotracer to 
characterize Hg bioaccumulation in the food web. 

Phase 1 ( NCP 2019-2020)
• Consult IGC and FJMC.
• Parameterization of Hg bioaccumulation model.
• Co-create plan for incorporation of Inuit 

Knowledge in project. 

Proposed Phase 3 (NCP 2021—2022)
• Explore the potential impacts of future 

global change on beluga Hg levels.

Work Plan
Proposed Phase 2 ( NCP 2020—2021)
• Use Western Science and Inuit Knowledge 

to construct historical environmental 
change modelling scenarios.

Li
ve

r M
er

cu
ry

 (μ
g/

g 
w

.w
.)


