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The pathway by which plastic enters the world’s oceans g

Estimates of global plastics entering the oceans from land-based sources in 2010 based on the pathway from primary production through to marine plastic inputs.

Global primary plastic production: RECENT TEM PERATU RE TREN DS (1990-2019)
270 million tonnes per year

Global plastic waste:

275 million tonnes per year
It can exceed primary production in

a given year since it can incorporate
production from previous years.

Coastal plastic waste:

99 5 ml"lon tonneS per Change in temperature (°F/decade) NOAA Climate.gov

Data: NCEI
This is the total of plastic waste generated 1 0 1
by all populations within 50 kilometres of a
coastline (therefore at risk of entering the ocean).

Mismanaged go_astal plastic Plastic in surface waters:

waste: 31.9 million tonnes per year 10,000s to 100,000s tonnes

This is the annual sum of inadequately managed and There is a wide range of estimates of the

littered plastic waste from coastal populations. quenthy ot plestios In SurtaTeaters:

Inadequately managed waste 15 that which It remains unclear where the majority of

is stored in open or insecure landfills T e e

(and therefore at risk of leakage or loss). P Taht Geumulate ot greater Geptha o o
» Plastic inputs to the oceans: theseafloor

8 million tonnes per year

Source: based on Jambeck et al. (2015) and Eriksen et al. (2014). Icon graphics from Noun Project.
Data is based on global estimates from Jambeck et al. (2015) based on plastic waste generation rates, coastal population sizes, and waste management practices by country
This is a visualization from OurWorldinData.org, where you will find data and research on how the world is changing. Licensed under CC-BY-SA by the authors.



The Mediterranean Sea is a hotspot of environmental changes

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).

o |
IMPACTS IMPACTS

Michel: et al., 2018



Seagrasses: an ancient glant
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* ‘Ecosystem engineers’

* ‘Lungs of the Sea’ (1m2 =1L 02)

* ‘Nursery habitats’ (40 000 fish — 50milion invertebrate species)
* Foundation of Coastal Food Webs

* Regulators of biophysical process~es (nutrients, sediments, coast erosion)
e Bluecarbon (1 aefe = 83g C per year = 80milion of tons per year)

* Prevention of coast erosion
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Distributed across different environments

S

Seagrass Species [
O Halophila stipulacea

- O Posidonia oceanica
J -
~ Zostera marina
e Zostera noltii
O ]

Cymodocea nodosa

Annual Temperature Fluctuation (°C)

9 12.5

Short et al., 2007




‘the ability of an organism to
produce different phenotypes
In response to the
environment’
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How to be plastic?

Phenotype

Plasticity

Genotype : The genetic makeup (i.e. complete
genome) of a single organism

1

Environment

1

Phenotype : The expression of a trait as a result
of both genetic and environmental changes

1

Reaction norm is the functz'on which describes a

curve that relates the environment to a phenotype.
Diufferent shapes of this function describe the degree
of plasticity of a single genotype across the

environment



Epigenetics
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SEAGRASS PLASTICITY
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Acclimation : The most relevant short-term Adaptation: process resulting from the natural selection of
response which allows organisms to adjust to rapidly changing better-suited genotypes across generations, changing the
environments extending their tolerance ranges genetic composition of populations



What is epigenetics?

DNA and chromatin changes

that can be inherited by the

next generations and that do not

involve changes in the DNA

sequence
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Epigenetics modulates gene expressmn

Histone | In seagrasses:
e it FHER ) * Cadmium exposure affects DNA methylation

~

: . .y : "
in P oceanica plants moditying the expression |

Z __Gene repression (H3K24me3)

< T~ of methyl-transterases (Greco et al., 2012)

“Gene activation (H3K4me3)
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Gene activation
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Genetic diversity and connectivity in seagrasses

\ ‘ High connectivity \ High genetlc.
. .\ and genotypic
Gene flow diversity

»

»

Clonal propagation (source of genetic variation
are somatic DNA mutations)

Genetic drift

\ [solated populatlons
| , < , with low
allelic

Geographlc barrlers

varlation and
Sexual reproduction by seeds dispersion population size

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 aftects genetic diversity
and the potential to survive under environmental changes



The genetic component of

- Stable environmental
VW VW YWy Wy K 1 conditions

? phenotypic plasticity: the
Populati%wgnnectivity Environmental changes Case Of Seagrasses

| |

(A) No clonal diversity (B) Low clonal diversity (C) High clonal diversity
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How to approch phenotypic plasticity in seagrasses?

Approaches

Field observations

Field experiments

Mesocosm
experiments

Reciprocal
transplant
experiments

Common garden
experiments

Pros

Inform about factors that potentially promote
the evolution of phenotypic variation and
how plasticity can contribute to evolutionary
differentiation within species

Quantify the degree of plastic responses,
analyzing phenotypic changes in relation to
the environment

Simulate the effect of the stress factor of
interest for analyzing intraspecific and
interspecific responses and the genetic basis
of phenotypic plasticity

Identify the genetic component of plastic
responses

Allow discriminating the contribution of
genetic and plastic effects comparing
genetically distinct families or populations

Cons

Limited to observations

Natural environmental
variation leads

to misleading
interpretations

Require sophisticated
systems. Results
cannot be
automatically
transferred to natural
conditions

Sensitive to
environmental forces
and regional stressors

Require long
acclimation phases
and an accurate
experimental design




Field observations: G x E

@."1@{3 y Spain
P 53 FOUSE P
fortugal o #-
SN F

Soissons et al., 2017

Weaker and thinner

Local environmental status

Latitude increasing

Stronger and stiffer

Piombino

Lacco Ameno

™o Delimara
: i
Ll Northern and a
southern population
/ f cluster
Independent
populations stands of
vt - the same populations
‘Ll‘:mg sampled at different
o a5 depths (5m vs 20-
; 25m)
.St Genetic structure

Jahnke et al., 2019



Fleld experiments: degree of plasticity to selected factors

2015 2016
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Ruocco et al., 2018



Mesocosm experiments: isolating the effect of single factors

30 % —_——— *T; NT * Multi-factorial controlled experiments
Acclimation
7 Exposure
24 p 7 *C; N * Test for local adaptation
21 P_/I ¢ * Evaluate the degree of phenotypic plasticity in the
re-acclimation
. form of a genetically determined reaction norm

1T T 17 T 1T 1T
1 2 3 4 5 6 7 8 9 10

Weeks



Common-garden experiment: local influence

Ol plants

(oligotrophic environment,
Ischia Island)

®
® Nutrients (N)

l Temperature (T)

® I. Nutrients +
Temperature (NT)

Naples
Pl

Eu plants
(eutrophic environment,
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Multiple str



Physiological and transcriptomic responses to multiple stresses

l
OL-plants | EU-plants Ol-Plants « Eu-Plants
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= . g Relative growth rate ; " - l
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- Different patterns among leaf’ and rhizome Is epigenetics involved in the memory
- Different strategies among plants in terms of nutrients of the native environment in
assimilation, energy consumption and photosynthetic 2
performances S€AZTasses:

Pazzaglia et al., 2020 Ongoing..



How plants remember the past

First exposure

Dehydration  Rehydration
Environmental stress
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Kinoshita et al., 2014



Stress memory in marine plants

Water temperature (°C)

Priming
B l Zostera muelleri
l Second heatwave * Pre-heated plants performed better during the more extreme second heatwave
e g
/ ®e .
| * Key role of methylation-related genes
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Nguyen et al., 2020



Stress memory in marine plants using seedlings
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Assisted evolution

‘Conservation strategy adopled 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 identitying local
adaptation (1.e., selection) in natural populations

* Genome editing

* Priming / hardening methods




Applications in seagrass restoration management

Healthy habltat

e T e e e R o s =
=3

A priori knowledge

Assessment of

Assessment of genetic g Potential, realized Evaluation of local
diversity in donor and Io&a&gggfgﬁﬁ)n connectivity and environmental factors
receiving sites distribution maps and distrubances

receiving sites

Decision-making for restoration

Legal and ethical
Replicate or Reinforce -

issues

Selection of transplantation

Selection of donor site Selection of plant material o]

Restored habltat
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Monitoring

Genetic assessment of . Assessment of realized
restored populations Beriermancesiovertime connectivity over time

Pazzaglia et al., 2021



Large-scale restoration in seagrasses

5,000

4,000

(Zostera marina) on a 200-
hectare plot D

320042005200 . 09201020112012201320142015



Restoring seagrasses for restoring ecosystem functions

Chesapeake Ba
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Future Directions in Seagrass Restoration

Epigenetic studies
Integration of

biogeographic

and genetic data - Assisted evolution approaches
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Anthropogenic impacts

Multilayer maps
to identify
donor and target
sites
for restoration
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