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            Abstract
More than three billion people rely on seafood for nutrition. However, fish are the predominant source of human exposure to methylmercury (MeHg), a potent neurotoxic substance. In the United States, 82% of population-wide exposure to MeHg is from the consumption of marine seafood and almost 40% is from fresh and canned tuna alone1. Around 80% of the inorganic mercury (Hg) that is emitted to the atmosphere from natural and human sources is deposited in the ocean2, where some is converted by microorganisms to MeHg. In predatory fish, environmental MeHg concentrations are amplified by a million times or more. Human exposure to MeHg has been associated with long-term neurocognitive deficits in children that persist into adulthood, with global costs to society that exceed US$20Â billion3. The first global treaty on reductions in anthropogenic Hg emissions (the Minamata Convention on Mercury) entered into force in 2017. However, effects of ongoing changes in marine ecosystems on bioaccumulation of MeHg in marine predators that are frequently consumed by humans (for example, tuna, cod and swordfish) have not been considered when setting global policy targets. Here we use more than 30Â years of data and ecosystem modelling to show that MeHg concentrations in Atlantic cod (Gadus morhua) increased by up to 23% between the 1970s and 2000s as a result of dietary shifts initiated by overfishing. Our model also predicts an estimated 56% increase in tissue MeHg concentrations in Atlantic bluefin tuna (Thunnus thynnus) due to increases in seawater temperature between a low point in 1969 and recent peak levelsâ€”which is consistent with 2017 observations. This estimated increase in tissue MeHg exceeds the modelled 22% reduction that was achieved in the late 1990s and 2000s as a result of decreased seawater MeHg concentrations. The recently reported plateau in global anthropogenic Hg emissions4 suggests that ocean warming and fisheries management programmes will be major drivers of future MeHg concentrations in marine predators.
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                    Fig. 1: Modelled effects of ecosystem change on MeHg concentrations in Atlantic cod and spiny dogfish.[image: ]


Fig. 2: Effects of seawater warming in the Gulf of Maine on tissue MeHg concentrations in ABFT.[image: ]
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                Data availability

              
              All data and model algorithms are available in the Extended Data and Supplementary Information.

            

Code availability

              
              All model code is available at the following link: https://github.com/SunderlandLab/foodweb_bioaccumulation_model.
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a, Measured MeHg concentrations in biota and trophic positions based on nitrogen isotopes19. b, Measured (symbols) MeHg concentrations16,19 in ABFT from the Gulf of Maine compared to modelled concentrations based on standard bioenergetics algorithms (dashed line) and based on bioenergetics algorithms adjusted for the energy consumption that is associated with migration and rapid swimming speeds (solid line). The blue shaded region shows the 67% confidence interval around the model and the grey shaded region represents the upper and lower bounds of modelled seawater MeHg and DOC concentrations. Each data point represents an individual fish; nÂ =Â 1,284. c, Measured (symbols) MeHg concentrations21 in swordfish and modelled MeHg concentrations based on standard bioenergetics algorithms (dashed line); algorithms adjusted for migratory energy expenditure and swimming speed (dotted line); and algorithms adjusted for energy expenditure and large prey consumption (solid line). The yellow shaded region indicates the upper and lower bounds of predator-to-prey length ratios (10:1 to 2:1), the orange shaded region shows the 67% confidence interval around the model and the grey shaded region represents the upper and lower bounds of modelled seawater MeHg and DOC. Each data point represents an individual fish; nÂ =Â 203. d, Comparison of observed and modelled MeHg concentrations for the Gulf of Maine food web across five trophic levels19. The model is forced by seawater MeHg concentrations17 ranging from 0.015 to 0.055Â pM. Each data point represents the mean MeHg concentration in fish of a similar weight (nÂ =Â 119); error bars represent s.d.
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