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Mediterranean Sea



Study area – The Venice Lagoon

High concentrations of 
Hg species in sediment

Zonta et al., 2018
Bellucci et al., 

industrial area

former chlor-
alkali plant



Study area – The Venice Lagoon

High concentrations of 
Hg species in sediment 

and water

Zonta et al., 2018
Bellucci et al., 

Rosati et al., 2024

industrial area

former chlor-
alkali plant



Study area – The Venice Lagoon

Bioaccumulation is 3–4 times higher 
than in the Mediterranean Seaindustrial area

former chlor-
alkali plant

Dominik et al., 2014



Manila clam in the Venice Lagoon
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• introduced in the lagoon in the 1980s due 
to the rapid decline of the population of 
local clam Tapes decussatus (Solidoro et 
al., 2020)  

• Tapes philipinarum colonized large areas
of the lagoon replacing T. decussatus
becoming an important economic
resource
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Manila clam in the Venice Lagoon

Annual production 
decreased from

40 000 tons in the 1990s 
to 3 000 tons in 2019

(Canu et al., 2011, 
Bernardini et al., 2023)
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Manila clam in the Venice Lagoon
Recent increase of mortality events and very low recruitment in the wild 
population of Manila Clam Tapes philippinarum (Bernardini et al., 2023)
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Manila clam in the Venice Lagoon

Canu et al., 2011

Pollution?

Climate
change?

Combined
stressors

2019

3000 

tons 

10 €/kg

Recent increase of mortality events and very low recruitment in the wild 
population of Manila Clam Tapes philippinarum (Bernardini et al., 2023)



Bioenergetic model

𝑑𝐵𝑑.𝑤.

𝑑𝑡
= 𝐺𝑚𝑎𝑥 ∙ 𝑓𝐺 𝑇 ∙ B𝑑.𝑤.

(1−
1

3𝑝
)

− 𝑅𝑚𝑎𝑥 ∙ 𝑓𝑅 𝑇 ∙ 𝐵𝑑.𝑤.

Food limitations and thermal optimum for growth, filtration and 
respiration are taken into account

Solidoro et al., 2000, 
2003, Canu et al., 2011

If Food > Food_threshold:

If Food < Food_threshold:

𝑑𝐵𝑑.𝑤.

𝑑𝑡
=

𝑭

𝑭𝒕𝒓𝒆𝒔𝒉
∙ 𝐺𝑚𝑎𝑥∙ 𝑓𝐺 𝑇 ∙ B𝑑.𝑤.

(1−
1

3𝑝
)

− 𝑅𝑚𝑎𝑥 ∙ 𝑓𝑅 𝑇 ∙ 𝐵𝑑.𝑤.

Growth Respiration

Growth Respiration

𝐹𝑡𝑟𝑒𝑠ℎ =
𝐺𝑚𝑎𝑥 ∙ 𝑓𝐺 𝑇 ∙ B𝑑.𝑤.

(1−
1

3𝑝
)

∙  ε𝑐𝑙𝑎𝑚

𝑉𝑓 ∙ 𝑓𝑣 𝑇 ∙ B𝑑.𝑤.
𝑞

∙  ε𝑓𝑜𝑜𝑑

with Food_threshold:



Bioaccumulation model

𝑑𝐻𝑔𝑐𝑙𝑎𝑚

𝑑𝑡
= 𝑉𝑓 ∙ 𝑓𝑣 𝑇 ∙ B𝑑.𝑤.

𝑞
∙ AE𝐻𝑔𝑖 ∙  [Hg𝑃𝑂𝑀_𝑙 +∝ Hg𝑃𝑂𝑀_𝑟]

 +  𝑉𝑓 ∙ 𝑓𝑣 𝑇 ∙ B𝑑.𝑤.
𝑞

∙ η𝐻𝑔𝑖 ∙  [Hg𝑑𝑖𝑠𝑠] − 𝛽𝑒𝛾𝑇 [Hg𝑐𝑙𝑎𝑚]

dietary intake

uptake from water excretion
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Bioaccumulation model

par HgII MeHg reference

AE 0.09 - 0.46 0.67 - 0.86 Pan and Wang, 2011

𝜂 0.08 0.72 Pan and Wang, 2011

𝛽

4 · 10-2 5·10-3 Pan and Wang, 2011

6 · 10-3 - Casas and Backer 2006
- 4·10-4 Trudel and Rasmussen, 1997

𝛾 - 0.095 Trudel and Rasmussen, 1997
fish

Short term experiments
overestimates excretion rates 
(Trudel and Rasmussen, 1997)

mussels

clams



Bioaccumulation model
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Model calibration

Sfriso et al., 2008

Clam seeded in polluted areas and 
monitored for HgT over 2 years (2001-2003)   
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Model calibration
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r.e. = 24% r.e. = 24%



Modeled Fluxes

HgII

MeHg

Modeled fluxes 
suggest comparable 
intake from water 
and food for MeHg

Contaminated site 
with low fraction of 
water MeHg (<1%)

Modeled MeHg in 
clam is ~6% of HgT



Next steps

• Move from individual-based to population model
      (sexual maturity, spawning, death, different cohorts)

• Introduce a reduction of the fitness related to pollution (data?)

• Explore bioaccumulation dynamics in rearing areas
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