A Bayesian framework for assessing contamination trends in fish communities in the Great Lakes
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 Mercury and PCBs pose a particular threat in aquatic environments, due to
bioaccumulation and biomagnification they accumulate in the food web, causing a particular
risk to organisms at the top of the food chain.
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 Mercury and PCB, are persistent in the environment and have been identified as a “legacy
contaminant”.
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Research Questions

 My study aims to answer the following questions:
1.

What are the spatio-temporal mercury trends in fish species with different trophic
positioning in the food web of the Great Lakes?

2.

How do these trends differ within and among the different water bodies?
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Fig 2b. Box-and-whisker plots depicting the year-specific
intercept PCB concentration trends. Concentrations began
Mid-2000s to decline in the 80s, followed by increasing trends in the
mid 90s and stabilization in the mid 2000s.

Threshold calculation:
(human weight [kg] x TDI [μg/kg/month])
/(meal size x meal number)

Methodology
 My study aims to develop a two-pronged Bayesian methodological framework:
1.

Use Dynamic Linear Modelling to delineate the total levels and rates of change of
mercury and PCB contamination, while accommodating the role of fish length and
lipid content.

2.

Develop a hierarchical model to evaluate spatial contamination variability and to
identify (dis-)similarities in the intra- and inter-annual fish contamination patterns
during pre and post invasion time frames.
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3.

Fig 2a. Box-and-whisker plots depicting the year-specific
intercept THg concentration trends. Concentrations began
Do contaminant trends differ between the pre- and post-invasion periods of to decline in the 80s, followed by increasing trends in the 1980s
dreissenids in the Great Lakes?
mid 90s and stabilization in the mid 2000s.

Results

Fig 3. Exceedance frequency (%) of the tolerable daily intake mercury value for walleye across all of
the Canadian Great Lakes waters for the year 2016. The mercury threshold of 0.60 μg g-1ww was
calculated for a person of 50 kg who consumes 8 meals per month. Areas colored in red, green, and
light blue indicate high, intermediate, and minimal exceedance frequency.

Fig 4a. THg decadal trends depicting rates of changes across
trophic levels and lakes. Direction of the arrows indicates
positive (upward) or negative (downward) THg rates of change.
Trend magnitudes (arrow thickness) are indicative of a strong,
medium, and weak decrease.

Key Findings
 Higher THg concentration trends in the 1970s, with declines in the 1980s/early 1990s
followed by a gradual stabilization.
 THg declines were steeper in top predator species.
 Benthivorous fish species mainly underwent wax-and-wane THg cycles with a weaker
evidence of a long-term declining trend.
 Lake Erie displayed the lowest mercury levels across all the fish species examined.
 Lake Ontario is characterized by the highest PCB levels among nearly all of the fish species Fig 4b. PCB decadal trends depicting rates of changes across
trophic levels and lakes. Direction of the arrows indicates
examined.
Fig 1. Hierarchical model connecting all Canadian locations across the Great Lakes. The
three hierarchical levels represent: (i) the location-specific intercepts nested within the
seven waterbodies, (ii) the waterbody-specific intercept terms and the rates of change
related to the waterbody-specific mercury (THg) & PCB trends before and after the
invasion of exotic species, (iii) the global parameters (or hyper parameters) that capture the
entire Great Lakes basin.

positive (upward) or negative (downward) PCB rates of
 After the late 1990s/early 2000s, there is evidence of a decline in the rate at which PCB change. Trend magnitudes (arrow thickness) are indicative of a
concentrations in fish were dropping, accompanied by a gradual establishment of species- strong, medium, and weak decrease.

specific, steady-state concentrations, around which there is considerable year-to-year
variability.
 Areas of Concern still display high concentrations of contamination .
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