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Abstract. The bioaccumulation of methylmercury (MeHg) in the marine food chain poses a neurotoxic risk to human health,
especially through the consumption of seafood. Although MeHg bioaccumulation at higher trophic levels is relatively well
understood, MeHg bioaccumulation at the base of the food web remains underexplored. Given the neurotoxic effects of
methylmercury on human health, it is essential to understand the drivers of bioaccumulation at every level of the food chain. In
this study, we incorporate six megabenthos functional groups into the ECOSMO marine end-to-end ecosystem model, coupled
to the MERCY marine Hg cycling model. We investigated how various feeding strategies influence the bioaccumulation of
both inorganic Hg (iHg) and MeHg in marine ecosystems. We show that the feeding strategy significantly influences bioaccu-
mulation and correlates stronger with iHg than the trophic level and that suspension feeders have elevated iHg levels while filter
feeders have higher MeHg values. Additionally, we show that the bioaccumulation of both iHg and MeHg can be accurately
modeled solely based on feeding strategies in low trophic-level megabenthos. However, when modeling higher trophic levels,
incorporating the allometric scaling law dramatically improves the model performance. These results demonstrate the need for
a holistic approach in which iHg, MeHg, and trophic levels of organisms are evaluated at both high and low trophic levels to

identify what food web structures drive high MeHg concentrations in seafood.

1 Introduction

Mercury (Hg) is a naturally occurring element. In addition to its natural occurrence, it is also emitted through various an-
thropogenic activities, such as the burning of fossil fuels, small-scale artisanal gold mining, and the production of cement
and ferrous metals (Pacyna et al., 2006). These emissions have led to a threefold increase in environmental Hg compared to
pre-anthropogenic levels.

When elemental Hg (Hg) is emitted, it can undergo long-range atmospheric transport. In this way, it can be transported on
a global scale and deposited in the oceans, thus increasing Hg levels in the marine environment (Durnford et al., 2010). Marine
Hg" is volatile and can return to the atmosphere or be oxidized into dissolved Hg (Hg?*) (Sommar et al., 2020). This Hg>* can
be reduced back to volatile elemental Hg?, or it can be methylated to dangerous neurotoxin methylmercury (MeHg), which

occurs as monomethylmercury (MMHg*) or dimethylmercury (DMHg) (Jensen and Jernelov, 1969; Lin et al., 2021). In this
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paper, we will look at the bioaccumulation of three groups of Hg; total Hg (tHg) refers to all Hg, methylmercury (MeHg) refers
to both MMHg* and DMHg, and inorganic Hg (iHg) refers to all Hg that is not MeHg.

There are two key processes involved in bioaccumulation: bioconcentration and biomagnification. Animals living in a pol-
luted marine environment will absorb Hg directly from their environment; this is called bioconcentration. Both iHg and MeHg
bioconcentrate. Since iHg is generally present in higher concentrations than MeHg, and its bioconcentration rate is higher,
iHg is usually bioconcentrated faster than MeHg (Mason et al., 1996). The bioconcentration process can result in high Hg
concentrations in organisms, and Hg volume concentration factors of up to 6.4E6 have been found (Schartup et al., 2018).

These already high Hg concentrations can be increased even further by biomagnification. Biomagnification refers to the
increase in Hg with each successive trophic level in the food chain. The trophic transfer efficiency of MeHg (66-80%) is
higher than that of iHg (7-46%), where MeHg accumulates at much higher levels in the food chain (Metian et al., 2020; Wang
and Wong, 2003; Dutton and Fisher, 2012). These concentrations can become harmful to humans when consumed, and the
consumption of MeHg-polluted seafood is the main risk of exposure to Hg for the average person (Sheehan et al., 2014).

The danger posed by the consumption of MeHg-contaminated seafood received a great deal of attention when more than
1000 people died in Japan in 1956 due to the consumption of contaminated seafood caught in Minamata Bay(Harada, 1995). In
order to reduce the risk of further outbreaks of MeHg intoxications, the Minamata Convention on Mercury was founded. 151
countries have pledged to reduce their Hg emissions in support of the Minamata Convention and 128 countries have signed
and ratified the convention. The global state of Hg as a pollutant and the effect of the Minamata Convention is periodically
reviewed in the Minamata Convention Effectiveness Evaluation (Outridge et al., 2018).

While there is considerable understanding of MeHg bioaccumulation in high trophic levels, less is known about the bioac-
cumulation drivers at the base of the food web. The lower concentration of Hg at the base of the food web reduces the risk for
humans, which is why these animals do not receive the same monitoring recommendations from the effectiveness evaluation
of the Minamata Convention as fish, humans and wildlife (Evers et al., 2016). Furthermore, the effectiveness evaluation noted
that the concentrations of Hg and MeHg in water and sediment are poorly correlated with the concentrations in biota. Thus, Hg
levels in water and sediment do not receive the same monitoring recommendations.

Once Hg is bioconcentrated in primary producers, a strong link appears between the trophic level and Hg bioaccumulation
(Madgett et al., 2021). This indicates that our understanding of Hg bioaccumulation in high trophic levels is greatly limited by
our understanding of Hg bioaccumulation at the base of the food web.

Improving our understanding of bioaccumulation at the base of the food web is challenging, as the base of the food web is
very complex (Silberberger et al., 2018). There are several distinct groups of megabenthos with different feeding strategies,
such as bivalves that filter feed, lugworms that feed on sediment carbon particles, active hunters and scavengers such as shrimps
and crabs, and sponges that feed on suspended dissolved material. These different feeding strategies allow them to exploit a
variety of food sources, but different food sources can have different Hg concentrations, and Hg originating from different
food sources can have different assimilation efficiencies. In this study, we hypothesize that the low-trophic-level biota feeding

strategy has a significant impact on their Hg content.
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We focus this study on the benthic food web. Although primary production in the North Sea can be highly variable due to
factors such as wind (Daewel and Schrum, 2017), tidal mixing (Zhao et al., 2019) and nutrient availability (Richardson et al.,
1998), primary production in coastal areas is generally dominated by pelagic phytoplankton, with the exception of extremely
shallow areas that are dominated by benthic macroalgae (Krause-Jensen et al., 2012; Cibic et al., 2022). Especially in areas
where pelagic phytoplankton dominate primary production, while the pelagic phytoplankton are available for consumption
by megabenthos because of water column mixing, there is a strong coupling between the benthic and the pelagic, called the
bentho-pelagic coupling. In these well-mixed areas, megabenthos can reach high biomass since food is abundant in several
ways, resulting in megabenthos with different feeding strategies in the same ecosystem (Ghodrati Shojaei et al., 2016).

We hypothesize that the different feeding strategies of low-trophic-level megabenthos play an important role in creating
the disconnect between Hg concentrations in the water and sediment and the concentrations at the base of the food web.
We investigated whether the feeding strategy impacts bioaccumulation and hypothesized that feeding strategies influence the
bioaccumulation of iHg and MeHg differently, contributing to the high variation in Hg levels at the base of the benthic food
web.

To test our hypotheses, we employed two methods. First, we performed literature research in which we collected field
observations of the content of tHg, MeHg, and iHg, the trophic level, and the megabenthos feeding strategy. We performed
statistical analyses on this literature to see if patterns between bioaccumulation and feeding strategies exist in nature. Afterward,
we conducted an in silico experiment in which megabenthos with various feeding strategies compete under physical drivers
in idealized scenarios that are typical of megabenthos-rich coastal oceans. The megabenthos groups are designed to differ
only in their feeding strategies to isolate this effect. This was done to verify whether we can reproduce the observed effects
from our literature study in a fully coupled model. Finally, we used the model to quantify the role of the feeding strategy in
the bioaccumulation of Hg and investigated whether it fully explains the observed differences or if other drivers need to be

incorporated.

2 Materials and methods
2.1 Literature research and statistics

To compare the findings with the literature, we collected field studies measuring Hg in megabenthos. The studies we used
are shown in the Table 5. We categorized the megabenthos into the same feeding categories, "deposit feeder", "filter feeder",
"suspension feeder", "grazer" and "predator". To better look at the effect of the trophic level, we also added "primary pro-
ducers" as the base of the food web, "predators” as benthic predators, and "seabird" and "benthic fish" as top predators. We
analyze whether trophic level and feeding strategy influence megabenthos iHg, MeHg, and/or tHg content. The observations
are analyzed by visualizing the data, performing a linear regression, and plotting a correlation matrix of the difference in bioac-
cumulation between different feeding strategies. The total and partial R? of the linear regression of the effect of the feeding

strategy, the trophic level, and the feeding strategy are compared to analyze the effect of both drivers on bioaccumulated iHg,

MeHg and tHg.
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2.2 The models

To further assess the importance of the feeding strategy, we modeled bioaccumulation in megabenthos, with the feeding strategy
being the only distinction between different groups of megabenthos. Then we compared our model to observations to evaluate
whether this approach allows us to accurately model bioaccumulation or if additional drivers should be taken into account.
We used a fully coupled 1D water column model that is run in 2 setups that resemble typical hydrological regimes found in
coastal oceans. We coupled the Generalized Ocean Turbulence Model (GOTM) with the ECOSMO E2E ecosystem model and

the Mercy v2.0 Hg speciation and bioaccumulation model.
2.3 The hydrodynamical model

The hydrodynamics of the model are estimated using the GOTM, which is a 1D hydrodynamic model (Bolding et al., 2021).
GOTM calculates the turbulence of a vertical 1D water column set-up by computing the solutions to the one-dimensional
version of the transport equation of momentum, salinity, and temperature. The model is nudged to observational data sets for
temperature and salinity. The setups are based on gridded bathymetry data for water depth with 1/240° resolution (GEBCO
Bathymetric Compilation Group, 2020), ECMWEF ERAS5 dataset for meteorological data (Wouters et al., 2021), Ocean Atlas
for salinity and temperature profiles (Garcia H.E. et al., 2019), and the TPOX-9 atlas for tides (Egbert and Erofeeva, 2002),
which is combined using the iGOTM tool (https://igotm.bolding-bruggeman.com). The GOTM model is coupled using the
Framework for Aquatic Biogeochemical Modeling (FABM) (Bruggeman and Bolding, 2014). The biogeochemical models are
encoded in FABM. The FABM interfaces communicate the state variables between the GOTM model and the biogeochemical

models.
2.4 The Mercy v2.0 model

Hg cycling and speciation is modeled using the Mercy v2.0 model (Bieser et al., 2023). The Mercy v2.0 model is a compre-
hensive Hg cycling model that includes speciation between 7 forms of Hg and partitioning to both dissolved organic matter
(DOM) and detritus. It was originally developed as a 3D Hg cycling model of the North and Baltic Seas. However, in this
study, we use the 1D version of this model, which is driven using the GOTM model. This configuration is used, described, and

evaluated in more detail in (Amptmeijer et al., 2025).
2.5 ECOSMO E2E

The ecosystem model is based on the ECOSMO E2E (ECOSystem Model End-to-End) ecosystem model (Daewel et al., 2019).
This model extends the ECOSMO II model to have higher trophic levels while preserving consistency at lower trophic levels
(Daewel et al., 2019). The version used in this study is the same as the version used and evaluated in (Amptmeijer et al., 2025).
In this version, small modifications have been made, such as lowering the mortality rate of zooplankton and decreasing the
efficiency of carbon uptake to make the model more suitable for bioaccumulation compared to the version published by (Daewel

et al., 2019). The model is evaluated and shown to reproduce the bioaccumulation of iHg and MeHg at the base of the food



125

130

135

140

145

150

https://doi.org/10.5194/egusphere-2025-1494
Preprint. Discussion started: 24 April 2025 G
© Author(s) 2025. CC BY 4.0 License. E U Sp here

web within 1 standard deviation of observations for phytoplankton, microzooplankton, and mesozooplankton. Furthermore,
the model accurately models the bioconcentration of both iHg and MeHg and the biomagnification of MeHg within the range

of observations.
2.6 Model development

To use the model to study bioaccumulation in megabenthos, the higher trophic level of the ECOSMO E2E model is altered.
We exchanged the functional group macrobenthos, fish 1, and fish 2 with 5 megabenthos functional groups, as shown in Fig.
1. The megabenthos groups are separated by their feeding strategy: filter feeder, deposit feeder, generalist feeder, suspension
feeder, predator, and top predator.

Filter feeders filter suspended particles from the water column. In our model, they can eat phytoplankton, zooplankton, and
detritus. Examples of filter feeders are mussels, tubeworms, and barnacles. The second group is deposit feeders. These animals
consume organic carbon from the sediment; in our model, they exclusively feed on organic carbon deposited in the sediment.
This group would include gastropods and polychaete worms, such as the lugworm (Arenicula marina). The generalist feeder
resembles animals such as North Sea shrimp (Crangon crangon), which can utilize various feeding strategies. In our model, this
group feeds on phytoplankton, zooplankton, detritus, and deposited material. We also include a suspension feeder. Suspension
feeders, such as sponges, can consume detritus and DOM. The consumption of DOM, which is too small to be consumed
by filter feeders, differentiates suspension and filter feeders. A common strategy to consume DOM as a food source is the
utilization of symbiotic bacteria such as chemosymbiotic bivalves from the families Lucinidae, Solemyidae, and Thyasiridae
and microbial biomes of high microbial assemblage sponges (Dufour, 2018; Olinger et al., 2021). Finally, we included 2
predators. The first predator is referred to as the predator, it feeds on the 4 benthic groups mentioned above, and it has an
equal preference and grazing rate in all groups, but it will prioritize abundant groups. This preference is caused by making the
food available for predation by the predators not linearly related to the abundance of the prey, but calculated as:

bpiomass if bpiomass = Dprotected;

bavailable =

Dbiomass

bbiomass if bbiomass < bprolected-

bpmtected ’

in which,
— Dbavailable: Portion of prey biomass in g C m2 accessible to predators.
— Dprotected: Level of prey biomass in g C m 2 below which hunting becomes less optimal or energetically inefficient.
— bpiomass: Total prey biomass in g C m? in the environment.

borotectea 15 1 g C m? for all megabenthos groups, and 0.5 g C m? for the benthic predator. This relationship models 2 real-world
interactions. First, when the concentration of prey is low, the small number of individuals can more likely survive under ideal
circumstances and, therefore, may be less exposed to predation (Campanella Id et al., 2019). Secondly, several predators, such
as the shore crab, adapt their behaviors to the density of the prey and learn to be more efficient in the hunting of more common

prey (Chakravarti and Cotton, 2014).
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Figure 1. The overview of the modeled megabenthos functional groups and how they interact with each other and functional groups
in the ECOSMO E2E model. There are 5 macrobenthic functional groups. The filter feeder feeds on pelagic detritus, zooplankton, and
phytoplankton. The suspension feeders feeds on pelagic detritus, phytoplankton, zooplankton, and DOM. The generalist feeds on phy-
toplankton, zooplankton, pelagic detritus, and sediment organic carbon. The deposit feeder feeds on sediment organic carbon. The ben-
thic predator feeds on the other 4 megabenthos functional groups and the top predator solely feeds on the benthic predator. Several
sub-images have been used in this image. Sources of the images are: filter feeder: https://en.wikipedia.org/wiki/Sabella_spallanzanii,
suspension feeder: https://www.flickr.com/photos/noaaphotolib/5015046804/, generalist feeder: https://en.wikipedia.org/wiki/Shrimp, de-
posit feeder: https://nl.wikipedia.org/wiki/Buccinum_undatum, benthic predator: https://en.wikipedia.org/wiki/Lobster, and top predator:
https://en.wikipedia.org/wiki/Cuttlefish.

2.7 Assimilation efficiency of iHg and MeHg

The assimilation efficiency (AE) of iHg and MeHg is a key parameter in correct biomagnification modeling. AE is based

155 on laboratory experiments that analyze AE in phytoplankton (Metian et al., 2020; Wang and Wong, 2003). An assimilation
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efficiency of 0.95 for MeHg and 0.31 for iHg is chosen for everything except deposit feeding, which has a lower feeding
efficiency of 0.07 for iHg and 0.43 for MeHg according to Dutton and Fisher (2012).

2.8 Semi-labile DOM

In the ECOSMO E2E model, only labile-DOM is resolved. This means that there is very little DOM. In our model, we want
to incorporate a suspension feeder that would utilize DOM as a food source. Because of this, we added a DOM component
referred to as semi-labile DOM. This semi-labile DOM has the same bacterial degradation rate as that of the detritus, and it
has the same Hg partitioning behavior as labile DOM. 5% of the organic carbon (Detritus+labile-DOM+semi-labile-DOM)
formed, is formed as semi-labile DOM, and there is a breakdown of the detritus into semi-labile DOM of 0.001 d'!. Since the
categorization of DOM is very complex, these rates are estimated to create a low maximum of 50 mg C m™. This is lower than
the DOM concentrations typically found in the North Sea, but because it is unclear which fraction of DOM can be consumed by
suspension feeders, this amount provides suspension feeders a unique food source that they can utilize while not outcompeting

other megabenthos (Lgnborg et al., 2024).
2.9 Allometric scaling model

Finally, we run the model while taking into account other drivers of MeHg bioaccumulation to see whether it improves the
model. There are three interactions that we take into account for this second model. First, the allometric scaling law, which
states that larger animals have a lower base metabolic rate when normalized to body weight (da Silva et al., 2006). Secondly,
we account for the observations that MeHg bioaccumulation in fish increases as the water temperature increases, indicating
that increased activity does not increase MeHg excretion while it increases MeHg uptake due to a higher grazing rate (Dijkstra
et al., 2013). Finally, we assume that predators need to spend more energy on active metabolism to hunt their prey. Because of
this, we assumed that the total relative respiration rate of predators and top predators is not altered, so both models have the
same carbon cycle. However, MeHg is excreted at a lower rate of 0.002 d’!, rather than their respiration rate, which is the same
base metabolic rate as the fish in the ECOSMO E2E model. This leads to a higher bioaccumulation of MeHg at higher trophic
levels. The bioaccumulation of iHg is not altered between the two models. In the evaluation, the second model is referred to as

the allometric scaling (AS) model.
2.10 The physical setups

The model runs in 2 setups, the first is a 41.5 m deep permanently mixed Southern North Sea set of 41.5 m deep and the second
is a seasonally mixed 110 m Northern North Sea setup. These setups are described in more detail in Amptmeijer et al. (2025).
The Southern North Sea setup is located at (54°15’00.0” N 3°3412.0” E). It is a shallow station that is permanently mixed,
meaning that megabenthos can feed directly from the phytoplankton and zooplankton bloom. The setup is chosen because it

resembles perfect growth conditions for megabenthos, and most megabenthos in the observations are sampled from similar
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circumstances. Because of this, samples are sampled from shallow well-mixed coastal areas, and we used this setup to evaluate
the performance of the models.

The Northern North Sea setup is located at (57°42’00.0” N 2°42’00.0” ) and is only mixed in winter. This means that
megabenthos cannot feed directly from the bloom, but are rather dependent on the sinking of detritus particles. In nature, these
deeper areas typically have lower overall biomass. This setup is used to evaluate whether the models predict a difference in the

bioaccumulation of iHg and MeHg under a different hydrodynamic regime.
2.11 Model evaluation

The goal of the model is to evaluate how well we can model the bioaccumulation of iHg and MeHg while only taking into
account trophic interactions. To this extent, the model’s result is its performance. If the model performs well, we can conclude
that only taking into account trophic interactions explains a large amount of the variability in Hg bioaccumulation. Initially we
performs this comparison between observations and the modeled Southern North Sea setup. This is done because most samples
are collected from shallow areas that are rich in macrobenthos. Our well mixed Southern North Sea setup would resemble the
majority of the observations better than the seasonally mixed Northern North Sea. Afterward, the models are compared to the
Northern North Sea models and the AS model to evaluate the effect of hydrodynamics and increased bioaccumulation in higher
trophic level animals on our conclusions. The feeding strategy "grazer" was omitted, as the ECOSMO E2E model does not
include benthic algae to graze on. The modeled generalist was compared to the deposit and filter feeder from the observations
and the modeled top predator to the benthic fish and seabird feeding strategies from the observations. We first calculated
the normalized bias as (modeled — observed) /modeled for the average modeled and observed values. Then, we performed
a Monte Carlo simulation in which we estimated the mean and standard deviation of the observed and yearly mean of the
modeled data of the last 10 years of the simulation. Over 100,000 iterations, we estimated the probability that the modeled value
is within 2 standard deviations of the observations, so it checks if the modeled mean is not outside 95% of the observations.
After this, we quantified the probability that the modeled mean is of the same distribution as the observations by performing
a Bayes factor analysis. The Bayes factor value is estimated by first estimating the likelihood of the modeled mean under the
HO hypothesis, which assumes that the modeled and observed data share the same distribution, and the H1 hypothesis, which
assumes that they do not share a distribution. The likelihood of the H1 hypotheses over the HO hypotheses is the BF10 value.
The BF10 factor is estimated using a Jeffreys—Zellner—Siow prior assumption so we assume no prior knowledge. Finally, the
total model performance is evaluated by calculating the Root Mean Square Error (RMSE), the Normalised Root Mean Square
Error (NRMSE), and the R? of the model for iHg and MeHg. In general, a normalized bias between <0.5 can be seen as low.
The probability that the model values are not within 2 standard deviations is considered bad and indicates that the modeled
mean is a considerable outliers compared to the data. A BF10 factor below 1 indicates that the modeled distribution is more
likely the same as the observed distribution, and a BF10 <0.1 can be considered strong evidence and a BF10 <0.01 as very
strong evidence in favor of the HO hypotheses. A lower RMSE shows better model predictive capacity and an NRMSE below

0.5 is indicative of a good fit, while the R? is a value between 0 and 1, and closer to 1 shows a better fit.
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Figure 2. The effect of different feeding strategies on the measured MeHg and iHg in several benthic functional groups and groups of
animals feeding on the benthos. The seabird is the common eider which feeds on benthos. Bioaccumulated MeHg is below 50 ng g d.w.
for all functional groups that are not predatorial (predators, benthic fish, and seabirds), but can reach up to 171, 565, and 895 ng g d.w.
for predators, seabirds, ad benthic fish respectively. This contrasts the iHg concentration below 100 ng g™ d.w. for every animal. Except for

starfish, Eel, and sponges. The tHg shows that the Hg can even be higher in suspension feeders (in this case sponges) than in fish.

3 Results and discussion

3.1 Literature study

The results of our literature study, depicted in Fig. 2, demonstrate that the feeding strategy affects the bioaccumulation of
different benthic groups. If we only look at the groups that would represent the base of the benthic food web (filter feeder,
suspension feeder, grazer, deposit feeder, and generalist) and perform an ANOVA, we see that there is greater significance of
the effect of the feeding strategy (p = 0.001) on the bioaccumulation of iHg than on the bioaccumulation of MeHg (p=0.09). If
we compare the median iHg and MeHg between organisms with different feeding strategies, we see that iHg is lowest in the
benthic predator, followed by the deposit feeder, the top predator, the generalist, and the filter feeder, and the highest values
are in the suspension feeders. Suspension feeders have by far the highest iHg concentrations and are more than double that
of the second highest group, the filter feeders. At the same time, MeHg shows a very different pattern in which suspension
feeders have low values, roughly half of that of filter, deposit, and generalist feeders, whereas the predators and top predators
are higher.

Figure 3 illustrates the correlation between the bioaccumulation of iHg, MeHg, and tHg. We observe a strong correlation
(R?=0.49, p<0.001) between MeHg and trophic levels, while no correlation is found between iHg and trophic levels (R?<0.02,
P=0.474). The linear fit of the intercept of the equations for the iHg and MeHg intercept at trophic level 3.6, which means that
below trophic level 3.6 the majority of tHg will on average be iHg.

In Table 1 we show the results of a linear regression taking into account both the trophic level and the feeding strategy, the

relative fit of each model explains Hg bioaccumulation based on both factors. The trophic level and feeding strategy are adapted
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Figure 3. The correlation between the bioaccumulation of MeHg, iHg, and tHg. There is a strong correlation between MeHg and trophic
level with a slope of 1.14 In(ng Hg g d.w.) trophic level”" with a R? of 0.49, while there is almost no correlation between iHg and trophic
level (with a slope of 0.135 In(ng Hg g™! d.w.) trophic level”! with a R of 0.02. The intercept is, however, much higher for iHg (3.3 at TL=1)
than for MeHg (0.8 at TL=1). The tHg combines the 2 patterns with an intercept of 3.1 at TL=1 and a slope of 0.557.

to the natural logarithms of iHg, tHg, and MeHg. This shows that we can explain the bioaccumulation of In(MeHg) very well
(R?=0.72) with a linear model that takes both drivers into account, while the bioaccumulation of iHg is poorly explained
(R?=0.11) and the bioaccumulation of tHg has an average fit (R?=0.46). Furthermore, we show the unique contributions of
the fit of each driver, the partial R?. Note that feeding strategy and trophic level can sometimes co-correlate, especially in the
case of high MeHg bioaccumulation in predators, benthic fish, and seabirds, as predators are naturally higher in trophic level
than the prey they consume. The feeding strategy has an explanatory power larger than that of the trophic level for tHg and
iHg, while it is similar for MeHg. Despite the limitations mentioned above, this still shows that the partial R? for the feeding
strategy is double that of the trophic level, demonstrating the importance of the feeding strategy for the bioaccumulation of tHg

at the base of the food web.

Table 1. R-squared and Partial R-squared Results for In(THg), In(iHg), and In(MeHg)

Model In(tHg) In(iHg) In(MeHg)
Full Model R-squared 0.46 0.11 0.72
Partial R-squared (Feeding Strategy) 0.22 0.089 0.32
Partial R-squared (Trophic Level) 0.10 0.012 0.31
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In Fig. 4 we show the pairwise comparison of the correlation between the bioaccumulation of iHg, MeHg, and tHg. This
shows a clustering in which filter and deposit feeders have similar MeHg concentrations, but MeHg concentrations are lower
in grazers and suspension feeders. The strong difference between suspension and filter feeders is especially notable as they
both feed on pelagic organic carbon. Overall, this demonstrates that nuanced differences in MeHg bioaccumulation where the
concentration in the suspension feeders < grazers < deposit feeders < filter feederss. For iHg the pattern is different; deposit

feeders, filter feeders, and grazers have similar iHg, while the iHg content of suspension feeders is much higher.

Pairwise Comparisons of MeHg Pairwise Comparisons of iHg Pairwise Comparisons of tHg
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Figure 4. The pairwise comparison of the correlation between the bioaccumulation of MeHg, iHg and tHg and different feeding strategies.
For clarity, MeHg has its own scale and iHg and tHg have the same scale. For the concentration of MeHg there is a pattern where suspension
feeders < grazers < deposit feeders < filter feeders. For iHg this is different and the main notable difference is much higher iHg in suspension
feeders than in any other feeding strategy. tHg is the sum of MeHg and iHg and consequently shows very high tHg in suspension feeders due
to the high iHg, and elevated tHg in filter feeders due to their high MeHg.

3.2 Model results
3.2.1 Biomass

Although our megabenthos groups only vary in feeding rate and, therefore, have no direct real-world counterpart to compare
to, it is important to validate that they survive in the model. The yearly progression of megabenthos in the Southern North Sea
setup is shown in Fig. 5. Filter feeders have the highest biomass, which is up to 10 g C m followed by deposit feeders with 5
up to g C m2, generalist feeders with up to 3 g C m™, and suspension feeders with up to 1 g C m™. Higher trophic levels have
lower biomass, with up to 0.2 g C m™ for the predator and 0.5 g C m™ for the top predator. This shows that after a simulation

period of 20 years, all megabenthos have a stable population, while biomass is highest at the base of the food web.
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3.2.2 Bioaccumulation

The modeled bioaccumulation of iHg, MeHg, and tHg is shown in Fig. 6 and the evaluation is shown in Table 3. Note that the
values are expressed in ng Hg mg C™!, as this is the best proxy in our model to show the dietary uptake of Hg per energy and
nutrients consumed. There is a very high concentration of iHg in the sediment, detritus, and DOM. These values are 0.22, 0.83,
and 1.9 ng Hg mg C*! for iHg and 0.038, 0.0046, and 0.0082 ng Hg mg C"' for MeHg. The high amount of iHg in organic
carbon is in line with observations that found values of up to 0.114-1.192 ng Hg mg d.w. in sediment in the Scheldt estuary and
that DOM strongly binds up to 1.0 ng Hg mg™! (Zaferani and Biester, 2021; Haitzer et al., 2002; Muhaya et al., 1997), which
would approximate our modeled 1.9 ng Hg mg C! if we assume a carbon to weight ratio of 1:2. These high iHg values in
DOM lead to high values in suspension feeders in both setups. The bioaccumulation of MeHg is very different from that of iHg
and has the highest bioaccumulation in the top predators and predators, followed by deposit feeders and suspension feeders. In
Fig. 7 the relationship between the trophic level and the bioaccumulation of iHg and MeHg in megabenthos is shown. There
is an increase in the MeHg content with trophic levels that are not present for iHg. For iHg, there is weak anti-correlation (R?
= 0.20), which is mainly caused by the extremely high iHg content of the low-trophic-level suspension feeders. There is no
positive relationship between the bioaccumulation of tHg and the trophic level, while this is present in the allometric scaling

model; this indicates that our base model underestimates the bioaccumulation at higher trophic levels.

Organic carbon values for each group
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Figure 5. Megabenthos biomass in the modeled Southern North Sea, dominated by filter feeders, followed by deposit feeders, generalist
feeders, suspension feeders, predators, and top predators. Biomass fluctuates between 10 and 15 gC m™ and all functional groups have stable
populations

3.2.3 The effect of feeding strategy on bioaccumulation

The range and average of the annual average values of the bioaccumulation of iHg and MeHg in our model and the range

and mean of measured iHg and MeHg are shown in Table 2. All values fall within the range of observations, except for the
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Figure 6. Modeled bioconcentration and biomagnification of iHg and MeHg. Partitioning to detritus and DOM is colored as bioconcentration.

The y-axis is cut to show the high and low values. Notably is the high iHg to mgC ratio of detritus and DOM, leading to elevated iHg in

suspension feeders. Additionally, higher trophic level animals have higher biomagnified MeHg.
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Figure 7. Relationship between the natural logarithm of bioaccumulated MeHg, iHg, and tHg with trophic level. There is a strong relationship
between modeled MeHg and trophic level (R?=0.81) but not for iHg (R%=0.20) or tHg (R?=0.03).
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modeled top predator in the base model. In the allometric scaling model, the top predator has values for both iHg and MeHg
in both the Southern North Sea and the Northern North Sea that are within the range of observations. Although the variation in
measured iHg is considerable, suspension feeders consistently have high iHg values. MeHg is bioaccumulated more efficiently
and has a higher assimilation efficiency. Because of this, MeHg content is not as dependent on the feeding strategy but is mostly
dependent on the trophic level. The mean MeHg is lowest in suspension feeders (9 ng Hg g™! d.w.) while it is very similar for
deposit feeders (22 Hg ¢! d.w.), filter feeder (19 Hg g'! d.w.) and generalist feeders (19 Hg ¢! d.w.). It is notably higher for
predators and highest for top predators with a median value of 36 and 59 ng Hg g'! d.w. respectively.

3.2.4 Trophic level vs bioaccumulation

The relationship between the trophic level and the bioaccumulation of iHg, MeHg, and tHg for the literature study is shown in
Fig. 3, and for the model is shown in Fig. 7. In both the literature study and our model, there is no strong correlation between
trophic level and iHg bioaccumulation. In the literature study, R?> < 0.01 and in our model there is an anti-correlation of R?
=0.20. In both cases, there is a strong correlation between the bioaccumulation of MeHg and the trophic level. This is R? =
0.49 for the literature study and R? = 0.81 in our model. Our model does have a lower effect on the trophic level on MeHg
bioaccumulation. Figure 8 shows the relationship between the trophic level and bioaccumulation in the allometric scaling
model. There is a notable increase in the correlation between the bioaccumulation of MeHg and tHg with the trophic level

compared to the base model.

Table 2. Comparison of modeled and observed Hg and MeHg bioaccumulation in different feeding strategies for the Southern North Sea
(SNS), Northern North Sea (NNS), and field observations. Values are presented as ranges with means in parentheses. Units are ng Hg g d.w.

for iHg and MeHg, and % for MeHg percentage.

‘ Model (SNS) ‘ Model (NNS) ‘ Observations

‘ iHg MeHg % MeHg ‘ iHg MeHg % MeHg ‘ iHg MeHg % MeHg
Suspension 104-155 (130)  8-11 (9) 7 |e0-148 100y 5-117) 7 |34-515(146) 126 8) 5
Filter 63-77(70)  1621(19) 20 | 66-96(77) 811 (9) 9 882 (44)  2-83(25) 36
Deposit 53-66(59)  19-26 (22) 16 | 3456 44)  8-12(10) 13 |23 27009 31
Generalist 61-74(68)  1621(19) 28 | 58-92(73)  7-11(9) 9 8113(43) 28321 33
Predator 45449 (47)  3537(36) 39 | 3842(40) 1517(16) 25 | 1-320(54) 7-171(57) 51
Top predator 62-66 (64)  56-61(59) 46 | 43-57(50) 2332(27) 31 | 40-255(47) 77-640(158) 84
Predator (AS) 4548 (47)  41-44(42) 38 | 3842(40) 17-19(18) 24 | 132954 717157 51
Top predator (AS)| 62-66 (64) 249264 (258) 80 | 43-57(50) 101-131(115) 39 | 40-255(47) 77-640 (578) 84

3.3 The allometric scaling law in high trophic level animals

In Table 3 we show that if we take the allometric scaling law into account the model results for high-trophic level animals
increase considerably. In Fig. 8 we show the relation between the natural logarithm of bioaccumulation and the trophic level of

the allometric scaling model in the Southern North Sea setup. This increases the linear fit to 1.24x-0.26, which has a slope very
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Table 3. Statistical analysis of model performance for iHg and MeHg levels by feeding strategy for Southern North Sea (SNS) and Northern

North Sea (NNS).

Concentration (logio(ng Hg g1 d.w.))

SNS NNS
iHg MeHg iHg MeHg
N.Bias BF10 | N.Bias BF10 | N.Bias BF10 | N.Bias BF10
Suspension -0.11 0.11 0.16 0.0070 -0.37 0.12 -0.10 0.070
Filter 0.61 0.045 -0.25 0.031 0.77 0.069 -0.64 0.035
Deposit 0.43 0.035 0.18 0.019 0.052 0.029 -0.47 0.021
Generalist 0.60 0.042 -0.13 0.024 0.71 0.051 -0.60 0.028
Predator -0.13 0.087 -0.37 0.061 -0.26 0.087 -0.71 0.074
Top predator -0.44 0.10 -0.84 0.53 -0.56 0.11 -0.93 0.59
Predator (AS) -0.13 0.087 -0.26 0.059 -0.26 0.087 -0.68 0.071
Top predator (AS) -0.44 0.10 -0.32 0.37 -0.56 0.11 -0.70 0.47
Overall Model Performance
RMSE 19 132 27 145
NRMSE 0.19 0.35 0.26 0.39
R-squared 0.84 0.86 0.49 0.91
RMSE (AS) 19 51 27 110
NRMSE (AS) 0.19 0.13 0.26 0.30
R-squared (AS) 0.84 >0.99 0.49 >0.99
Trophic level vs. iHg concentration B Trophic level vs. MeHg concentration B Trophic level vs. tHg concentration
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Figure 8. The natural logarithm of the modeled bioaccumulation of iHg, MeHg and tHg in the permanently mixed Southern North Sea using

the allometric scaling model is shown against the trophic level. Notably is the stronger slope (1.24) in bioaccumulation of MeHg, which is

notably higher than the slope in the default setup (0.66). The slope in the allometric scaling model overlaps much better with the observed

relationship of 1.14.
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similar to the observed 1.14x + 0.389. Additionally, the normalized bias in the predator and top predators decreased from -0.37
and -0.82 to -0.26 and -0.24, respectively. This is an improvement in the model and shows that while the feeding strategy is
an essential driver of Hg bioaccumulation, other differences between high- and low-trophic-level animals should also be taken

into account when modeling MeHg bioaccumulation.
3.4 The effect of water column mixing

Finally, if we compare our 2 setups, we find that our model predicts MeHg bioaccumulation three times higher in the shallow
permanently mixed Southern North Sea setup than in the deeper seasonally mixed Northern North Sea setup. In our model, this
is mostly caused because the megabenthos in the shallow Southern North Sea can feed directly from the phyto-and zooplankton
bloom. This gives them greater access to protein-rich food that strongly binds to MeHg. In the Northern North Sea, the
ecosystem revolves around the sinking of detritus. Since detritus binds less MeHg than living material, there is a reduction
in overall Hg bioaccumulation in the Northern North Sea compared to the Southern North Sea, but especially for MeHg. This
means two things. First of all, in the well-mixed Southern North Sea, filter feeders have a competitive advantage as they can
filter out fresh food and feed on relatively high trophic level zooplankton. Filter feeders have the highest MeHg values at the
base of the benthic food web, and therefore a higher concentration of filter feeders will lead to a higher fraction of filter feeders
in the predator diet and thus more MeHg. Additionally, since the filter feeders feed on living pelagic material with higher MeHg
values, the filter feeders themselves also have higher MeHg. Thus, predators and, consequently, the top predators have higher
MeHg values in the Southern North Sea compared to the Northern North Sea as a result of the increased water column mixing.
In Fig. 9 we show the correlation between the natural logarithm of bioaccumulated Hg and the trophic level in the Northern
North Sea. Interestingly, the trophic level of megabenthos is higher in the Northern North Sea, while the bioaccumulation level
is lower. This is because the detritus is cycled more often in the pelagic before it is consumed by megabenthos, because the
detritus is in constant equilibrium with the water column for its partitioning of Hg and MeHg, this does not translate to higher

bioaccumulation. This lower bioaccumulation results in lower concentrations of MeHg in high trophic levels of fish.

4 Comparing model and observations

First, we compare the values for iHg. The probability that the model is within 2 standard deviations of the observation is
>0.95 in all cases. In most cases, the BF10 factor is < 0.1, which provides strong evidence in favor of the null hypotheses,
indicating that the distribution of the model output closely matches the distribution of the observations and suggests that the
model accurately reproduces the properties of the observations. The only instance where the BF10 factor >0.1 for iHg is for
suspension feeders. This comparison yields several interesting results. Our model estimates that suspension feeders have the
highest iHg values, but comparing our model with field observations shows that the observed values are even higher. In our
model, the high iHg values are caused by the very efficient Hg scavenging of small DOM particles. These small particles have
the highest Hg/C ratio (as was shown in Fig. 6) and can only be consumed by suspension feeders. This leads to very high iHg

and low MeHg in suspension feeders. The result that our model partially replicates the high iHg values in the suspension feeders
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indicates that we underestimated this effect or that additional factors were contributing to the high iHg levels found. In Orani
et al. (2020), it is demonstrated that the extremely low MeHg/Hg ratio in suspension-feeding sponges may be caused by the
demethylation of MeHg by symbiotic bacteria. Our study expands on this by showing that the high iHg and low MeHg values
can partially be explained by the consumption of DOM by suspension feeders, but the proposed demethylation could explain
why we cannot fully replicate the observations. Based on this, it is likely that the unique bioaccumulation values in suspension
feeders are caused by a combination of their ability to feed on DOM, together with biochemical processes that occur in their
symbiotic bacteria. Notably, while not statistically significant, our model overestimates the mean iHg values with a normalized
bias of 0.61 and 0.77 for filter feeders and 0.60 and 0.60 for generalist feeders in the Southern North Sea and Northern North
Sea, respectively. In Fig 6 we see that the majority of this iHg originates from bioconcentration. This discrepancy is described
in more detail later in the paper.

Our base model fails to reproduce the high values in the top predators, but this is improved in the allometric scaling model.
The normalized bias is reduced from -0.84 to -0.32, but the BF10 factor is reduced only from 0.53 to 0.37. This shows that
while the modeled mean is closer to the observed mean, there is no strong indication that the modeled values are from the
same distribution as the observations. In the allometric scaling model, we get a linear relationship of 1.24x-0.26 (R?>=0.93),
which is very similar to the 1.14x+0.389 found in the field observations. The drastic improvement in the allometric scaling
model compared to the base model indicates that the lower MeHg release rates in high-trophic-level animals should be taken
into account. We tried to run the model with the lower MeHg release rate in all megabenthos, but this resulted in unrealistically
high values in both the base and top of the food web, so we cannot just use the lower MeHg release rate at every trophic level.
Because of this, we conclude that the difference in the release rate of MeHg-related body size, metabolic rate, or activity likely
has a significant contribution to the high MeHg values in high-trophic-level animals.

The last difference between our model and observations is that our model deposit feeders have considerably higher MeHg
bioaccumulation compared to generalist feeders, filter feeders, and suspension feeders. This is not the case in the field observa-
tions where deposit feeders are similar to filter feeders and generalist feeders in MeHg. Interestingly, we already gave deposit
feeders a lower assimilation efficiency compared to other functional groups. Since we do not model actual organisms, this
difference can be caused by other differences in the organisms, such as their metabolic rate, or the assimilation efficiency of
deposit feeders should be even lower. A final option is that the Mercy v2.0 model is mainly focused and verified on pelagic Hg

cycling, so we potentially overestimate the sediment MeHg content or the AE of sediment-bound MeHg.

5 Bioconcentration of iHg

The largest bias in our model, which remains uncorrected in the allometric scaling model, is the overestimation of iHg in the
filter, deposit, and generalist feeders. Although the modeled iHg values are not out of the observed range, the consistently high
normalized bias indicates that the model overestimates the bioaccummulation of iHg. In Fig. 6 we can see that the vast majority
of iHg in filter, deposit, and generalist feeders originates from bioconcentration. The most important driver of bioconcentration

is the ratio between uptake and release rate, or the uptake-release ratio. Our model has an uptake-release ratio of 210 1 g’!
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Figure 9. The natural logarithm of the modeled bioaccumulation of iHg and MeHg in the permanently mixed Northern North Sea setup.
While the slope is somewhat similar (0.60 vs 0.66) the overall bioaccumulation of MeHg is notably lower than in the permanently mixed

Southern North Sea.

d.w. This is derived from Tsui and Wang (2004), as it represents the lowest ratio found in the literature. The exact rate was
obtained by withdrawing the modeled carbon excretion rate and deducting this from the measured iHg release rate to have an
iHg specific release rate, this rate was found to be 0.04 d'!, as presented in Amptmeijer et al. (2025). Other studies such as Pan
and Wang (2011) found higher uptake-release ratios between 424 and 7811 g™ d.w.

To address this uncertainty, we tested an alternative scenario in which we doubled the bioconcentrated iHg release rate,
0.04 d”!' to 0.08 d’!, thus lowering the uptake-release ratio to 105 1 g”! dw. This adjustment resulted in a normalized bias in
the Southern North Sea of -0.09, 0.15 and 0.15 for the deposit, filter, and generalist feeders, respectively. This shows how the
uptake and release rates of iHg can impact the iHg content of megabenthos, and that the uptake-release ratio used in the model
is likely overestimated.

The discrepancy between the modeled and observed iHg can be caused by several factors. First, iHg concentrations in North
Sea megabenthos could be higher than those reported in other coastal zones. However, there are no empirical data to support or
invalidate this conclusion at the moment. Secondly, translating experimentally obtained uptake and release rates to observations
of iHg might depend on the drivers that are not captured in the model. In either case, it is hard to verify the root of this high
normalized bias, as the bioaccumulation of iHg is comparatively understudied compared to the bioaccumulation of MeHg, both

in models and empirical studies.

6 Model limitations

Our model is designed to have the same rates for all megabenthos groups. This allows us to isolate the effect of the feeding
strategy, but it should be taken into account that this also means that the model is limited in its ability to predict bioaccumulation
of iHg or MeHg in specific animals. Furthermore, when our model is compared to the data in the literature, it should be noted
that field studies measuring Hg at the base of the food web are rare. Our model is run in the North Sea, while most of the field

observations are from different regions. This is somewhat mitigated by aggregating large amounts of data and comparing it to

18



385

390

395

400

405

410

415

https://doi.org/10.5194/egusphere-2025-1494
Preprint. Discussion started: 24 April 2025 G
© Author(s) 2025. CC BY 4.0 License. E U Sp here

our idealized water column scenarios to identify general trends, but it must be noted that comparison can always be improved
by having more data to compare it to. The first and most notable limitation is that some field studies that analyzed megabenthos
benthos did not differentiate between iHg and MeHg and that most studies did not estimate the trophic level of the animals.
This is especially problematic when comparing Hg levels with our model.

The difference in bioaccumulation between the permanently mixed Southern North Sea setup and the seasonally mixed
Northern North Sea setup is caused by several assumptions in the model. Notably, instant partitioning between dissolved Hg
and Hg associated with detritus. The complication with this is that the partitioning coefficients are based on the log(k)*" values
of Hg, while it has been demonstrated that the binding of Hg to organic material also depends on its sulfate content (Seelen
et al., 2023). Since the ECOSMO E2E model is a Redfield ratio-based model, we did not take the freshness of the organic
material into account, but this might play a role and should be investigated in further studies.

A final interaction that we did not take into account is in vivo Hg speciation. This is not taken into account because at
the moment there is too much uncertainty about the role this plays in Hg bioaccumulation. However, the earlier mentioned
demethylation in sponges by Orani et al. (2020) and additional studies that demonstrate Hg speciation in cuttlefish by Gente®
et al. (2023) and Hg methylating bacteria in copepods by Gorokhova et al. (2020) indicate that the bioaccumulation of iHg
and MeHg may not be fully independent processes. These could be important interactions, and especially in vivo, methylation
could be a driver of high MeHg values, but more empirical studies must be performed on the rates of this before this can be

incorporated in models in a meaningful way.

7 Summary and conclusion

In this study, we analyze the role of the trophic level and the feeding strategy on the bioaccumulation of iHg and MeHg. We did
this by performing a literature study and running a fully coupled 1D model in two idealized setups representing two different
hydrodynamics regimes in which macrobenthic communities can live. Our study estimates that the trophic level predicts up
to 32% of the variability MeHg in the benthic food web. If we include both the feeding strategy and the trophic level, this
increases to 72%. We show that several feeding strategies have significant differences.

We show that there are notable differences between feeding strategies. iHg is higher in suspension feeders and MeHg is low
in suspension feeders and grazers, while filter feeders have the highest MeHg followed by deposit feeders. Our model expands
on this by demonstrating that we can accurately model the bioaccumulation of iHg and MeHg at the base of the food web by
only taking the feeding strategy into account.

Because our base model agrees well with both observed iHg (R?=0.86) and MeHg (R%=0.91) in the Southern North Sea setup,
we conclude that you can accurately model the bioaccumulation of both iHg and MeHg at the base of the food web based on the
feeding strategy. However, this strong performance is mostly because 4 out of our 6 megabenthos groups are low trophic level
non-predators, and our base model starts to underperform considerably in its ability to model MeHg bioaccumulation in higher
trophic levels. This problem is solved by taking into account the allometric scaling law and assuming that MeHg removal from

the organism is not linked to the total but rather to the base metabolic rate. Because of this, we accept our hypothesis that
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the feeding strategy is an essential driver of the bioaccumulation of iHg and MeHg in low-trophic-level animals, but other
differences in the organisms between high- and low-trophic-level animals should also be taken into account when predicting
MeHg values in high-trophic-level fish. Our model and observation focus on lower-trophic-level benthic invertebrates, with
some high-trophic-level animals added to create context. The importance of this for the bioaccumulation of MeHg in animals
of high trophic levels is that all biomagnification is an exponential function starting at the base of the food web. Therefore, a
change in MeHg at the base of the food web will correspond to a similar relative increase at the top of the food chain. Because
the feeding strategy has such a large impact on the base of the food web, high trophic-level animals would have considerably
different MeHg values depending on the species composition of the base of the food web.

Interestingly, despite the lower biomagnification potential of iHg, its high abundance in certain low-trophic-level animals can
lead to higher tHg in low trophic level animals than in higher-trophic-level animals. This discrepancy can distort risk perception,
as safety assessments often rely on tHg measurements that do not distinguish between iHg and MeHg. Such animals may have
high Hg values while remaining safe for human consumption. Our findings demonstrate the importance of Hg speciation data

in marine organisms to help improve food safety guidelines and inform regulatory policies.
7.1 Societal relevance & future work

Our study highlights the critical role of benthic diversity in driving MeHg bioaccumulation. Both trophic interactions and
the feeding strategy significantly influence MeHg bioaccumulation, which has important implications for seafood safety and
fisheries management. Understanding these processes can help explain the spatial and temporal variability in the MeHg content
of fish, which is crucial for policymakers to develop effective regulations that safeguard human health and marine ecosystems.

Our findings suggest that fish from food webs dominated by filter feeders would have the highest MeHg content, since filter
feeders have the highest MeHg content in both our model and observations. It also creates an indication that the introduction of
bivalve communities in the form of mussel or oyster farming could increase MeHg levels in higher food chains. However, such
changes in the ecosystem would inevitably change other factors in the ecosystem, including biomass and trophic interactions
that are also essential drivers for MeHg bioaccumulation. This means that case-by-case studies are needed to fully understand
how changes in the base of the food web will affect the concentration of MeHg in high trophic level fish.

We strongly recommend targeted field studies that systematically measure iHg, MeHg, and trophic levels in diverse marine

communities to assess how the structure of the food web influences the bioaccumulation of MeHg in seafood.
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Table 5. Data used for the literature study.

Species Common name Trophic level feeding strategy THg (ng/g d.w.) MeHg (ng/g d.w.) Location Reference
Stronglyocentrotus droebachiensis Sea urchin 1.87 Deposit 24 2 Svalbard Korejwo et al. (2022)
Ophiopholis aculeata Brittle star 2,70 Filter 47 2 Svalbard Korejwo et al. (2022)
Baccinum glaciale Glacial whelk 371 Deposit 49 12 Svalbard Korejwo et al. (2022)
Henricia sp starfish 3,17 Predator 348 19 Svalbard Korejwo et al. (2022)
Astarte borealis Northern Astarte 2,90 Suspension 44 10 Chukchi Sea Fox et al. (2013)
Ampelisca macrocephala Amphipod 2,70 Deposit 70 32 Chukchi Sea Fox et al. (2013)
Chinoecetes opilio Snow crab 4,10 Predator 131 102 Chukchi Sea Fox et al. (2013)
Neptunea heros Northern neptune 4,30 Predator 195 171 Chukchi Sea Fox et al. (2013)
Buccinum spp Whelk 4,10 Predator 269 171 Chukchi Sea Fox et al. (2013)
Gammarellus sp. Gammarid 237 Predator 39 15 Gulf of St. Lawrence Lavoie et al. (2010)
Littorina littorea Common periwinkle 2,29 Grazer 51 13 Gulf of St. Lawrence Lavoie et al. (2010)
Buccinum undatum Waved whelk 283 Predator 127 85 Gulf of St. Lawrence Lavoie et al. (2010)
Tectura testudinalis Common tortoise limpet 2,00 Grazer 51 9 Gulf of St. Lawrence Lavoie et al. (2010)
Strongylocentrotus droebachiensis Green sea urchin 1,69 Deposit 42 5 Gulf of St. Lawrence Lavoie et al. (2010)
Hippoglossoides platessoides American plaice 422 Benthic fish 146 77 Gulf of St. Lawrence Lavoie et al. (2010)
Glyptocephalus cynoglossus Witch flounder 4,22 Benthic fish 179 100 Gulf of St. Lawrence Lavoie et al. (2010)
Somateria mollissima Common eider 347 Seabird 640 565 Gulf of St. Lawrence Lavoie et al. (2010)
Anguilla anguilla European eel Benthic fish 1161 895 Baltic Sea Polak-Juszczak (2018)
Gadus morhua Atlantic cod Benthic fish 346 269 Baltic Sea Polak-Juszczak (2018)
Platichtys flesus European flounder Benthic fish 77 Baltic Sea Polak-Juszczak (2014)
Platichtys flesus European flounder Benthic fish 58 Baltic Sea Polak-Juszczak (2014)
Pleuronectes platessa European plaice Benthic fish 51 Baltic Sea Polak-Juszczak (2014)
Pleuronectes platessa European plaice Benthic fish 40 Baltic Sea Polak-Juszczak (2014)
Scophthalmus maximus Turbot Benthic fish 114 Baltic Sea Polak-Juszczak (2014)
sScophthalmus maximus Turbot Benthic fish 85 Baltic Sea Polak-Juszczak (2014)
Macoma balthica Baltic macoma Deposit 53 Baltic Sea Polak-Juszczak (2014)
Macoma balthica Baltic macoma Deposit 25 Baltic Sea Polak-Juszczak (2014)
Saduria entomon Isopod Predator 21 Baltic Sea Polak-Juszczak (2014)
Saduria entomon Isopod Predator 14 Baltic Sea Polak-Juszczak (2014)
Acanthella acuta Cactus sponge Suspension 115 6 Mediterranean Sea Orani et al. (2020)
Acanthella acuta Cactus sponge Suspension 66 7 Mediterranean Sea Orani et al. (2020)
Acanthella acuta Cactus sponge Suspension 107 11 Mediterranean Sea Orani et al. (2020)
Acanthella acuta Cactus sponge Suspension 95 9 Mediterranean Sea Orani et al. (2020)
Axinella damicornis Crumpled dustor sponge Suspension 97 2 Mediterranean Sea Orani et al. (2020)
Axinella damicornis Crumpled dustor sponge Suspension 212 9 Mediterranean Sea Orani et al. (2020)
Axinella damicornis Crumpled dustor sponge Suspension 252 7 Mediterranean Sea Orani et al. (2020)
Chondrilla nucula Caribbean chicken-liver sponge Suspension 149 2 Mediterranean Sea Orani et al. (2020)
Chondrilla nucula Caribbean chicken-1 Suspension 233 1 Mediterranean Sea Orani et al. (2020)
Chondrilla nucula Caribbean chicken: Suspension 519 4 Mediterranean Sea Orani et al. (2020)
Chondrilla nucula Caribbean chicken-liver sponge Suspension 317 4 Mediterranean Sea Orani et al. (2020)
Haliclona fulva Orange encrusting sponge Suspension 80 3 Mediterranean Sea Orani et al. (2020)
Haliclona fulva Orange encrusting sponge Suspension 76 2 Mediterranean Sea Orani et al. (2020)
Haliclona fulva Orange encrusting sponge Suspension 107 6 Mediterranean Sea Orani et al. (2020)
Haliclona fulva Orange encrusting sponge Suspension 146 6 Mediterranean Sea Orani et al. (2020)
Halichondria panicea Breadcrumb sponge Suspension 81 23 Killkieran Bay Orani et al. (2020)
Halichondria panicea Breadcrumb sponge Suspension 122 9 Killkieran Bay Orani et al. (2020)
Hymeniacidon perlevis Breadcrumb sponge Suspension 107 20 Killkieran Bay Orani et al. (2020)
Hymeniacidon perlevis Breadcrumb sponge Suspension 170 26 Killkieran Bay Orani et al. (2020)
Chlamys nobilis Noble scallop Filter 60 19 Dapeng Bay Pan and Wang (2011)
Ruditapes philippinarum Manilla clam Filter 47 17 Tolo Harbo Pan and Wang (2011)
Saccostrea cucullata Hooded oyster Filter 70 15 Clear Water Bay Pan and Wang (2011)
Perna viridis Green mussel Filter 30 9 Tolo Harbo Pan and Wang (2011)
Septifer virgatus Black mussel Filter 92 10 Clear Water Bay Pan and Wang (2011)
Ilyanassa obsoleta Eastern mudsnail Deposit 60 Gulf of Maine Chen et al. (2009)
Amphipod spp. Amphipod Deposit 12 Gulf of Maine Chen et al. (2009)
Mytilidae spp Mussel Filter 142 79 Eastern U.S. Chen et al. (2014)
Carcinus maenas Green Crab Predator 57 42 Eastern U.S. Chen et al. (2014)
Mytilidae spp Mussel Filter 173 Gulf of St. Lawrence Cossa and Tabard (2020)
Maldanidae spp. Bamboo Worm Deposit 101 70 Minas Basin, Bay of Fundy Sizmur et al. (2013)
Corophium volutator Mud scud Deposit 3 11 Minas Basin, Bay of Fundy Sizmur et al. (2013)
Glyceridae spp. Bloodworm Predator 37 9 Minas Basin, Bay of Fundy Sizmur et al. (2013)
Mytilidae spp Mussel Filter 95 Narragansett Bay, RI/MA U.S. Taylor et al. (2012)
Nereidae spp. Ragworm Deposit 139 Narragansett Bay, RUMA U.S.  Taylor et al. (2019)
Amphipod spp. Amphipod Deposit 93 Narragansett Bay, RUMA U.S. Taylor et al. (2019)
Carcinus maenas Green Crab Predator 126 Narragansett Bay, RI/MA U.S. Taylor et al. (2019)
Carcinus maenas Green Crab Predator 80 Eastern U.S. Taylor et al. (2019)
Mytilidae spp Mussel Filter 83 Eastern U.S. Taylor et al. (2019)
Ilyanassa obsoleta Eastern mudsnail Deposit 177 Narragansett Bay, RI/MA U.S. Taylor et al. (2019)
Litorrina littorea Common periwinkle Grazer 90 Narragansett Bay, R/MA U.S. Taylor et al. (2019)
Litorrina littorea Common periwinkle Grazer 30 Eastern U.S. Taylor et al. (2019)
Corophium volutator Mud scud Deposit 10 Bay of Fundy, Nova Scotia English et al. (2015)
Macoma balthica Baltic macoma Deposit 10 Bay of Fundy, Nova Scotia English et al. (2015)
Ilyanassa obsoleta Eastern mudsnail Deposit 40 Bay of Fundy, Nova Scotia English et al. (2015)
Litorrina littorea Common periwinkle Grazer 20 Bay of Fundy, Nova Scotia English et al. (2015)
Nereidae spp. Ragworm Deposit 10 Bay of Fundy, Nova Scotia English et al. (2015)
Maldanidae spp. Bamboo Worm Deposit 20 Bay of Fundy, Nova Scotia English et al. (2015)
Balanus balanus Acorn barnacle 2,32 Filter 10 3 Minas Basin, Bay of Fundy Bradford et al. (2023)
Carcinus maenas Green Crab 291 Predator 32 23 Minas Basin, Bay of Fundy Bradford et al. (2023)
Corophium volutator Mud scud 2,00 Deposit 22 11 Minas Basin, Bay of Fundy Bradford et al. (2023)
Glyceridae spp. Bloodworm 4,15 Predator 29 18 Minas Basin, Bay of Fundy Bradford et al. (2023)
Goniadidae spp. Goniadidae 4,18 Predator 69 37 Minas Basin, Bay of Fundy Bradford et al. (2023)
Ilyanassa obsoleta Eastern mudsnail 2,59 Deposit 139 26 Minas Basin, Bay of Fundy Bradford et al. (2023)
Lineidae spp. Ribbon worm 2,99 Deposit 31 13 Minas Basin, Bay of Fundy Bradford et al. (2023)
Litorrina littorea Common periwinkle 2,34 Grazer 60 8 Minas Basin, Bay of Fundy Bradford et al. (2023)
Macoma balthica Baltic macoma 2,32 Deposit 76 11 Minas Basin, Bay of Fundy Bradford et al. (2023)
Maldanidae spp. Bamboo Worm 2,37 Deposit 45 23 Minas Basin, Bay of Fundy Bradford et al. (2023)
Mytilus edulis Blue mussel 2,10 Filter 59 10 Minas Basin, Bay of Fundy Bradford et al. (2023)
Nereidae spp. Ragworm 2,21 Deposit 80 6 Minas Basin, Bay of Fundy Bradford et al. (2023)
Pagurus acadiarnus Acadian hermit crab 2,90 Predator 17 7 Minas Basin, Bay of Fundy Bradford et al. (2023)
Phyllodocidae spp. Paddle worm 2,94 Predator 67 18 Minas Basin, Bay of Fundy Bradford et al. (2023)
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