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The Mediterranean Sea is a hotspot of  environmental changes

A B

C D

Driver categories are: climate (i.e. the 
combined cumulative impact of 
temperature and UV increase, and 
acidification; A), fishing (all fishing types 
combined; B), sea-based drivers 
(commercial shipping, invasive species, 
oil spills and oil rigs; C) and land-based 
drivers (nutrient input, organic 
pollution, urban runoff, risk of hypoxia 
and coastal population density; D). 

HIGH-
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LOW-
IMPACTS

Micheli et al., 2013



• ‘Ecosystem engineers’

• ‘Lungs of the Sea’ (1m2 = 1L O2)

• ‘Nursery habitats’ (40 000 fish – 50milion invertebrate species)

• Foundation of Coastal Food Webs

• Regulators of biophysical processes (nutrients, sediments, coast erosion)

• Blue carbon (1 acre = 83g C per year = 80milion of tons per year)

• Prevention of coast erosion

Seagrasses: an ancient giant





Short et al., 2007

Distributed across different environments



Phenotypic plasticity

‘the ability of an organism to 

produce different phenotypes 

in response to the 

environment’



How to be plastic?

Phenotype : The expression of  a trait as a result 

of  both genetic and environmental changes

Genotype : The genetic makeup (i.e. complete 

genome) of  a single organism

Reaction norm is the function which describes a 

curve that relates the environment to a phenotype. 

Different shapes of  this function describe the degree 

of  plasticity of  a single genotype across the 

environment

Environment



Epigenetics Genetics

Acclimation : The most relevant short-term

response which allows organisms to adjust to rapidly changing 

environments extending their tolerance ranges

Adaptation: process resulting from the natural selection of  

better-suited genotypes across generations, changing the 

genetic composition of  populations

Pazzaglia et al., 2021



DNA and chromatin changes 

that can be inherited by the 

next generations and that do not 

involve changes in the DNA 

sequence

What is epigenetics?



Epigenetics modulates gene expression

In seagrasses:

• Cadmium exposure affects DNA methylation

in P. oceanica plants modifying the expression

of  methyl-transferases (Greco et al., 2012)

• Methylation affects functional genes in Z. 

marina under thermal stress (Jueterbock et al., 

2020)



The connectivity among populations depends on the 

existence of  geographic or oceanographic barriers and 

the different features of  dispersal vectors (sexual or 

clonal propagules)

Connectivity among populations affects genetic diversity 

and the potential to survive under environmental changes

Isolated populations

High genetic

and genotypic

diversity

High connectivity

Genetic drift

with low

allelic

variation and 

population size

Clonal propagation (source of  genetic variation

are somatic DNA mutations)

Sexual reproduction by seeds dispersion

Gene flow

Genetic diversity and connectivity in seagrasses

Geographic barriers



The genetic component of  
phenotypic plasticity: the 
case of  seagrasses

The amount of  phenotypic

variation across the environment describes the degree of

genotype plasticity (genotypes by environment 

interactions –GxE)

Pazzaglia et al., 2021



How to approch phenotypic plasticity in seagrasses?



Field observations: G x E

Soissons et al., 2017

Zostera noltii

Stronger and stiffer

Weaker and thinner
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Local environmental status

Posidonia oceanica

Jahnke et al., 2019
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Genetic structure

• Northern and a 

southern population 

cluster

• Independent 

populations stands of  

the same populations 

sampled at different 

depths (5m vs 20-

25m)



Field experiments: degree of  plasticity to selected factors

P. oceanica

Ruocco et al., 2018

Increased herbivore pressure affected the molecular response 

more dramatically than did nutrient enrichment



Mesocosm experiments: isolating the effect of  single factors
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• Multi-factorial controlled experiments

• Test for local adaptation

• Evaluate the degree of  phenotypic plasticity in the 

form of  a genetically determined reaction norm



Ol plants

(oligotrophic environment, 

Ischia Island)

Eu plants

(eutrophic environment,

Gulf  of  Pozzuoli)

Nutrients (N)

Temperature (T)

Nutrients + 

Temperature (NT)

Multiple stressors

Common-garden experiment: local influence



Physiological and transcriptomic responses to multiple stresses

- Different patterns among leaf  and rhizome

- Different strategies among plants in terms of  nutrients 

assimilation, energy consumption and photosynthetic 

performances

Pazzaglia et al., 2020

Is epigenetics involved in the memory 
of  the native environment in 
seagrasses?

Ongoing..



How plants remember the past

Kinoshita  et al., 2014
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Stress-memory

Environmental stress

Epigenetic modifications

Hardening/

Priming



Stress memory in marine plants

T3 T7

• Pre-heated plants performed better during the more extreme second heatwave

• Key role of  methylation-related genes 

Nguyen et al., 2020
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Priming



Stress memory in marine plants using seedlings

Ongoing…
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Assisted evolution

‘Conservation strategy adopted for vulnerable species and based on human intervention, which 

aims to accelerate the rate of  natural evolutionary processes enhancing population resilience 

and the rapid adaptation to environmental changes’

• Selection of  resistant genotypes through manipulative 

selection experiments and by identifying local 

adaptation (i.e., selection) in natural populations

• Genome editing

• Priming / hardening methods



Monitoring

Genetic assessment of 
restored populations

Performances over time
Assessment of realized
connectivity over time

Decision-making for restoration

Replicate or Reinforce

Selection of donor site Selection of plant material
Selection of transplantation

method

A priori knowledge

Assessment of genetic
diversity in donor and 

receiving sites

Assessment of 
local adaptation

in donor and 
receiving sites

Potential, realized
connectivity and 
distribution maps

Evaluation of local 
environmental factors 

and distrubances

Healthy habitat

Degraded habitat

Restored habitat

Legal and ethical 

issues

Applications in seagrass restoration management

Pazzaglia et al., 2021



Large-scale restoration in seagrasses

70 million seeds of  eelgrass  

(Zostera marina) on a 200-

hectare plot



Chesapeake Bay

Restoring seagrasses for restoring ecosystem functions

Orth et al., 2020

.



Future Directions in Seagrass Restoration

Comprhensive multilayer maps

Epigenetic studies

Assisted evolution approaches
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