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Study area

Contamination source: Estarreja Chemical Complex

Laranjo Bay

✓ Arsenic [As]
✓ Cadmium [Cd]
✓ Copper [Cu]
✓ Mercury [Hg]
✓ Nickel [Ni]
✓ Lead [Pb]
✓ Zinc [Zn]
✓ (…)

Study area: Ria de Aveiro (or Aveiro Lagoon)

Is it possible to 
restore this 

area?

Contamination source



Motivation

Test the viability and efficiency of seagrass 
recolonization as a NbS for the restoration 

of degraded estuarine ecosystems

Zostera noltei
(Z. noltei)

Loss of fauna and flora



Motivation

✓ Habitat  
✓ Stabilize sediment 
✓ (…)

Zostera noltei
(Z. noltei)

Loss of fauna and flora

Fertilize agricultural soilsSociocultural value

Ecological functions

Test the viability and efficiency of seagrass 
recolonization as a NbS for the restoration 

of degraded estuarine ecosystems



Mesocosm 
experiment

✓ Test tolerance and resistance of Z. noltei when exposed to 
contaminants



Mesocosm experiment
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Mesocosm experiment (Conclusion)

ACCUMULATION

PHOTOSYNTHETIC 
RESPONSE
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Fonte, B.A. et al. (2023). Zostera noltei response to transplantation into historically Hg-contaminated sediments (A mesocosm experiment): Growth, bioaccumulation and photosynthetic performance. 
https://doi.org/10.1016/j.chemosphere.2023.139374
Oliveira, V.H. et al. (2025). Seagrass biochemical response to transplantation into contaminated sediments: A mesocosm experiment. 
https://doi.org/10.1016/j.envres.2025.121353



Transplant 
experiment

✓ Monitoring the field transplant experiment



Site selection

Numerical model: Delft3D

✓ Maximum depth 
✓ Emersion and submersion periods
✓ Currents

What is the best site?



Cais do Bico

Transplant

Donor meadow Transplant meadow



Laranjo Bay



Transplant procedure

Z. noltei patch
(Mosaic shape)

Transplant in Laranjo Bay

• 1st transplant – 2020 (summer) ≈ 25 m2

• Currently (after 5 years) ≈ 300 m2

Oliveira, V.H. et al. (2025). Transplantation of seagrass (Zostera noltei) as a potential nature-based solution for the restoration of historically contaminated mudflats. 
https://doi.org/10.1016/j.scitotenv.2024.178257



Biochemical response

Monitoring Transplant Evolution
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Seasonal variations

Seasonal variations

≈ mesocosm experiment 

Oliveira, V.H. et al. (2025). Transplantation of seagrass (Zostera noltei) as a potential nature-based solution for the 
restoration of historically contaminated mudflats. 
https://doi.org/10.1016/j.scitotenv.2024.178257
Oliveira, V.H. et al. (2025). Metabolic Response of Zostera Noltei Transplants in a Historically Contaminated Ecosystem. 
https://doi.org/10.1016/j.jenvman.2025.124918



Evolution of transplant



• Contaminant geochemistry

• Bioaccumulation and toxicity in fauna

Assess the effect 
of the Z. noltei 
presence



Effects on geochemistry

DGT (diffusive 
gradients in 
thin films)

Sediment corer

Sediments

Bioavailable Hg fraction

Passive samplers

Cap Filter Diffusive 
gel

Binding 
layer

Base



Effects on geochemistry

Hg sediment profiles

[Hg] (mg kg-1)

Bioavailable Hg fraction

[Hg] (µg L-1)

Oliveira, V.H. et al. (2023). The effect of Zostera noltei recolonization on the sediment mercury vertical profiles of a recovering coastal lagoon. 
https://doi.org/10.1016/j.chemosphere.2023.140438



Effects on fauna 

Accumulation of Hg / Biochemical response

Transplant meadow
↓ [Hg]

Transplant Meadow

Donor Meadow

Transplant Bare

Scrobicularia 
plana

Hediste 
diversicolor

↓ Oxidative damage (e.g., LPO)

Impact on benthic communities

Transplant meadow
↑ Density

↑ Total biomass

Biodiversity≈

Crespo, D. et al. (2023). Using seagrass as a nature-based solution: Short-term effects of Zostera noltei 
transplant in benthic communities of a European Atlantic coastal lagoon. 
https://doi.org/10.1016/j.marpolbul.2023.115762
Oliveira, V.H. et al. (2025). Contaminant bioaccumulation and biochemical responses of the bivalve Scrobicularia 
plana and the polychaete Hediste diversicolor to ecosystem restoration measures using Zostera noltei. 
https://doi.org/10.1016/j.envres.2025.121429



Seagrass restoration in 
contaminated ecosystems 

promotes ecological recovery
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