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http://www.pwrc.usgs.gov/set/theory.html
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BLUE CARBON SEQUESTRATIONMARSH DROWNING
Due to insufficient external sediment supply or 

insufficient organic matter internally to build soil
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DIKING/DRAINING MARSHES
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VEGETATION RETREAT AND BANK EROSION
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RMS Residual

Regression Summary
VEG LOSS RATE (cm/yr) vs. ULVA Average (Summer 2014)
Row exclusion: Sheet1 (imported)

1 59046.157 59046.157 26.683 .0002
13 28767.243 2212.865
14 87813.400

DF Sum of Squares Mean Square F-Value P-Value
Regression
Residual
Total

ANOVA Table
VEG LOSS RATE (cm/yr) vs. ULVA Average (Summer 2014)
Row exclusion: Sheet1 (imported)

68.596 26.540 68.596 2.585 .0227
-126.100 24.412 -.820 -5.166 .0002

Coefficient Std. Error Std. Coeff. t-Value P-Value
Intercept
ULVA Average (Summer 2014)

Regression Coefficients
VEG LOSS RATE (cm/yr) vs. ULVA Average (Summer 2014)
Row exclusion: Sheet1 (imported)
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PROJECTO | OBJECTIVOS

PROJECTO RESTAURA2020 
INVASIVE SPECIES CONTROL MEASURES IN SALT MARSHES AIMING TO PROMOTE BIODIVERSITY AND ECOSYSTEM SERVICES

• IDENTIFICAR E MAPEAR A PRESENÇA DA ESPÉCIE INVASORA S. PATENS NA RESERVA NATURAL DO ESTUÁRIO DO 
TEJO

• AVALIAR O IMPACTO DA ESPÉCIE INVASORA S. PATENS NOS SERVIÇOS DO ECOSSISTEMA.

• RESTAURAR O EQUILÍBRIO DA TEIA TRÓFICA COM VISTA À PRESERVAÇÃO DOS STOCKS DE ESPÉCIES PISCÍCOLAS
E DE BIVALVES COM VALOR ECONÓMICO PARA AS COMUNIDADES PISCATÓRIAS ENVOLVENTES.

• DESENVOLVER METODOLOGIAS DE RESTAURO E PROTEÇÃO DA VEGETAÇÃO ENDÉMICA ADEQUADAS PARA 
APLICAÇÃO EM ÁREAS DE SAPAL IGUALMENTE AFETADAS PELA PRESENÇA DE ESPÉCIES INVASORAS.
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SDG 1. No poverty

SDG 2. Food security and agriculture

SDG 6. Clean water

SDG 11. Sustainable cities

SDG 12. Responsible consumption

SDG 13. Climate action

SDG 14. Life below water

SDG 15. Life on land

SDG 17. Partnerships and enablers for SDGs

PROJECTO RESTAURA2020
AVALIAÇÃO E RESTAURO DE COMUNIDADES DE SAPAL AFECTADAS POR ESPÉCIES VEGETAIS INVASORAS

• REMEDIAÇÃO NATURAL DO ECOSSISTEMA

• CADEIAS TRÓFICAS

• SERVIÇOS DOS ECOSSISTEMAS

• ALTERAÇÕES CLIMÁTICAS E MODELAÇÃO FUTURA

• DESENVOLVIMENTO DE SOLUÇÕES ECO-FRIENDLY

• PERCEPÇÃO E INTEGRAÇÃO DA SOCIEDADE
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ECOLOGIA E BIOGEOQUÍMICA

FISIOLOGIA &
BIOQUÍMICA VEGETAL

ZOOLOGIA MARINHA

ALTERAÇÕES CLIMÁTICAS & 
MODELAÇÃO ECOLÓGICA
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INVASIVE SPARTINA

Spartina versicolor Fabre: Another case of Spartina
trans-Atlantic introduction?

A. Baumel . M. Rousseau-Gueutin . C. Sapienza-Bianchi . A. Gareil . N. Duong .

H. Rousseau . O. Coriton . R. Amirouche . S. Sciandrello . B. Duarte . I. Caçador .

J. M. Castillo . M. Ainouche

Received: 23 March 2015 / Accepted: 20 March 2016
! Springer International Publishing Switzerland 2016

Abstract Intercontinental introductions are wide-
spread in the genus Spartina, with important ecolog-

ical and evolutionary consequences. The native or

introduced status of Spartina species is then critical
with regard to biodiversity assessment, especially for

vulnerable Mediterranean coastline ecosystems. Spar-

tina versicolorwas first recorded in southern France in
1849, then successively in various places on the

European and North-African Mediterranean and

Atlantic coasts. This species is considered to be either
a European native or an invasive species introduced

from North America which has a high morphological

similarity to the Atlantic American species Spartina
patens. We performed extensive sampling of S.

versicolor in Europe and North Africa (from natural

populations and herbarium collections) and compared
these samples to other European and American

Spartina species (including S. patens). Chromosome

counts were reported for the first time and revealed
that S. versicolor is tetraploid (2n = 4x = 40). Phy-

logenetic analyses based on chloroplast and nuclear

ribosomal DNA sequences did not reveal any molec-
ular variation within S. versicolor. In this species, a

single haplotype, that is identical to one haplotype of

S. patens, was found in the four chloroplast and the
nuclear ribosomal ITS regions investigated. In addi-

tion, simple sequence repeat markers were used and

revealed a low level of genetic diversity within S.
versicolor, suggesting that the introduction of S.

Guest editors: Alan Gray and Malika Ainouche/Invasive
Spartina.

Electronic supplementary material The online version of
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Chapter 8
Cordgrass Invasions in Mediterranean
Marshes: Past, Present and Future

Bernardo Duarte, Enrique Mateos-Naranjo, Susana Redondo Goméz,
João Carlos Marques and Isabel Caçador

Abstract The invasion of natural communities by non-indigenous species
(NIS) represents one of the most serious threats to biodiversity. While these
invasive processes are rather well studied in river corridors and riparian commu-
nities, the invasiveness of non-indigenous aquatic plants in wetlands has received
far less attention. Many NIS plants have been introduced more than 100 years ago,
while others are more recent arrivals, with most of the introductions occurring at the
end of the 19th and at the beginning of the 20th centuries. The Spartina genus (the
cordgrasses) is one of the most successful among halophytes (species that can
survive and complete their life cycle under saline conditions), being present in a
wide range of latitudes across the globe. Typically, Mediterranean systems are
inhabited by the endemic small cordgrass Spartina maritima, native from the
Atlantic African and European Atlantic coasts. Alongside, and with very similar
geographical distribution ranges, two invasive species from the Spartina genus
have been detected in Mediterranean systems. Spartina versicolor was first
described in the Mediterranean region during the 19th century. This taxon is
considered to be originated in America, and was introduced to Europe in the 19th
century. It is probable that this species was introduced as packing material in crates
to various ports around the Mediterranean Sea. Denseflower cordgrass Spartina
densiflora is an invasive grass species of South American origin that has colonized
salt marshes in the Gulf of Cadiz in the southwestern Iberian Peninsula, North
Africa and North America. This is a facultative halophyte species (plants that avoid
the effects of high salt even though they live in a saline environment) with an
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A tale of two spartinas: Climatic, photobiological and isotopic insights
on the fitness of non-indigenous versus native species
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a b s t r a c t

Salt marshes are facing a new threat: the invasion by non-indigenous species (NIS), Although its
introduction time is not established yet, in 1999 Spartina versicolor was already identified as a NIS in the
Mediterranean marshes, significantly spreading its area of colonization. Using the Mediterranean native
Spartina maritima as a reference, the present research studied the ecophysiological fitness of this NIS in
its new environment, as a tool to understand its potential invasiveness. It was found that Spartina ver-
sicolor had a stable photobiological pattern, with only minor fluctuations during an annual cycle, and
lower efficiencies comparated to S. maritima. The NIS seems to be rather insensitive to the observed
abiotic factors fluctuations (salinity and pH of the sediment), and thus contrasts with the native S.
maritima, known to be salinity dependent with higher productivity values in higher salinity environ-
ments. Most of the differences observed between the photobiology of these species could be explained
by their nitrogen nutrition (here evaluated by the d15N stable isotope) and directly related with the
Mediterranean climate. Enhanced by a higher N availability during winter, the primary production of
S. maritimawhich lead to dilution of the foliar d15N concentration in the newly formed biomass, similarly
to what is observed along a rainfall gradient. On the other hand, S. versicolor showed an increased d15N in
its tissues along the annual rainfall gradient, probably due to a d15N concentration effect during low
biomass production periods (winter and autumn). Together with the photobiological traits, these isotopic
data point out to a climatic misfit of S. versicolor to the Mediterranean climate compared to the native
S. maritima. This appears to be the major constrain shaping the ecophysiological fitness of this NIS, its
primary production and consequently, its spreading rate along the Mediterranean marshes.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The Spartina genus is one of the most successful among halo-
phytes, being present in a wide range of latitudes across the globe.
Some studies have already described latitudinal population differ-
entiation of Spartina species (Seliskar et al., 2002; Lessmann et al.,
1997; Daehler et al., 1999; Otero et al., 2000; Proffitt et al., 2005;
!Alvarez et al., 2010; Duarte et al., 2013). Members of the Spartina
genus present a C4-type photosynthesis, based on phosphoenol-
pyruvate carboxylase (PEPC) activity to concentrate CO2 at higher
rates than it would be observed in a C3 organism (Hatch, 1992;
!Alvarez et al., 2010). In spite of this metabolic advantage, PEPC

activity relies on light-dependent phosphorylation (Vidal et al.,
1996), making it dependent on the surrounding climatic environ-
ment. Differences among species and populations are expected,
due to sensitivity to pressures, such as climatic variation, contam-
inants and grazing (Heide, 2005; Stephenson et al. 2006). In addi-
tion, the activation of PEPC by a specific kinase is poor at low light
intensities (Bailey et al. 2007) and during cold temperatures (Lara
et al. 2001), being both these factors latitude-dependent.

The invasion of natural communities by non-indigenous species
(NIS) represents one of the most serious threats to biodiversity
(Heywood, 1989). While these invasive processes are rather well
studied in river corridors and riparian communities, (Planty-
Tabacchi et al., 1996, 2001; Tabacchi and Planty-Tabacchi, 2002),
the invasiveness of non-indigenous aquatic plants in wetlands has
received far less attention. Many NIS plants have been introduced
more than 100 years ago, while others are more recent arrivals,* Corresponding author.

E-mail address: baduarte@fc.ul.pt (B. Duarte).
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Metais aprisionados nos sedimentos de Sapal 
encontram-se associados a diferentes compostos 
químicos.

No caso dos sedimentos colonizados pela espécie
S. patens estes encontram-se mais biodisponiveis.
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Abstract: Research on biosaline agriculture has been increasing worldwide in recent years. In this
respect, the Iberian halophyte diversity present a high-value ecological solution to be implemented
for biosaline-based agroecosystems. The research on these halophytic species has been increasing
worldwide and, in the recent years, especially in terms saline agriculture adaptation, osmophysiology
and nutraceutical potential, highlighting the importance and potential of these species in terms
of agrosolutions. The Mediterranean area has high biodiversity in terms of endemic halophytic
vegetation (ca. 62 species), providing an alternative pool of potential new agricultural products to be
cultivated in adverse conditions. Besides being highly diverse, most of these species are endemic
and present a perennial life cycle with several applications in terms of food, forage, nutraceutical,
feedstock and remediation. More specifically, the Iberian halophytic flora shows potential as resources
of essential fatty acids, minerals and antioxidants—all very important for human and animal nutrition.
Alongside the establishment of halophyte agroecological solutions is the provision of key ecosystem
services, such as carbon sequestration and soil rehabilitation. Moreover, halophyte-based ecosystems
provide additional recognized ecosystem services, beyond the final product production, by improving
soil health, ecosystem biodiversity and storing large amounts of carbon, thereby increasing the
ecosystem resilience to climate change and offering a green solution against climate change.

Keywords: biosaline agriculture; halophytes; agroecosystems; alternative cash crops

1. Halophyte Sustainable Agriculture: An Emerging Topic
Halophytes are defined as species that grow and complete their life cycle in envi-

ronments with NaCl concentrations above 200 mM [1]. The nutritional and nutraceutical
value of halophytes has been widely explored in several countries in biosaline agricultural
schemes [2–5]. These species have shown to be important healthy mineral sources, with
several anti-oxidant compounds and essential nutrients for human consumption [2,3,6–8].
Among others, halophytes have shown to be a good source of anti-oxidant molecules [9],
essential fatty acids [6,8], carotenoids and polysaccharides [10] and essential micronutri-
ents [11]. As mentioned above, in the last decades, halophytes have been regarded as
potential alternative sources for human consumption. The increasing global changes and
reduction in freshwater resource availability have increased soil salinization and land
degradation [12]. On the other hand, the human population is increasing at an unprece-
dented rate, with population growth estimations pointing out to an increase from 7.8 billion
(2020) to 10.9 billion at the end of the century [13]. This fact inevitably increases the demand
for food sources and, by 2050, it is estimated that crop production must increase by 70% to
100% to meet global food demand [14]. Considering the actual annual yield increase for
major crops is estimated to be from 1% to 1.5%, agricultural food sustainability is at risk [15].
It becomes clear that the combination of these demographic and climatic factors, especially
in arid and semi-arid regions, are intrinsically connected and based on problems such as
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FeaturedȱApplication:ȱMergingȱphysiologicalȱdataȱwithȱecosystemȱservicesȱvaluationȱprovidesȱ
valuableȱinsightsȱintoȱtheȱimpactȱofȱclimateȱchangeȱinȱcoastalȱsaltȱmarshȱsystems.ȱ

Abstract:ȱ Saltȱmarshesȱ areȱ valuableȱ ecosystems,ȱ asȱ theyȱ provideȱ food,ȱ shelter,ȱ andȱ importantȱ
nurseryȱareasȱforȱfishȱandȱmacroinvertebrates,ȱandȱaȱwideȱvarietyȱofȱecosystemȱservicesȱforȱhumanȱ
populations.ȱTheseȱecosystemȱservicesȱheavilyȱrelyȱonȱtheȱfloristicȱcompositionȱofȱtheȱsaltȱmarshesȱ
withȱdifferentȱspeciesȱconferringȱdifferentȱ serviceȱvaluesȱandȱdifferentȱadaptationȱandȱ resilienceȱ
capacitiesȱ towardsȱ ecosystemȱ stressors.ȱ Blueȱ carbon,ȱ nitrogen,ȱ andȱ phosphorousȱ stocksȱ areȱ noȱ
exceptionȱtoȱ this,ȱandȱrelyȱonȱtheȱ interspecificȱdifferencesȱ inȱ theȱprimaryȱproductionȱmetabolismȱ
andȱphysiologicalȱtraits.ȱFurthermore,ȱtheseȱintrinsicȱphysiologicalȱcharacteristicsȱalsoȱmodulateȱtheȱ
speciesȱ responseȱ toȱ anyȱ environmentalȱ stressor,ȱ suchȱ asȱ theȱ onesȱderivedȱ fromȱ ongoingȱ globalȱ
changes.ȱThisȱwillȱheavilyȱshapeȱ transitionalȱecosystemȱservices,ȱwithȱsignificantȱchangesȱofȱ theȱ
ecosystemȱvalueȱofȱtheȱsaltȱmarshesȱinȱtermsȱofȱcultural,ȱprovisioning,ȱregulating,ȱandȱsupportingȱ
ecosystemȱservices,ȱwithȱaȱspecialȱemphasisȱonȱtheȱpossibleȱalterationsȱofȱtheȱblueȱcarbon,ȱnitrogen,ȱ
andȱphosphorousȱ stocksȱ retainedȱ inȱ theseȱ keyȱ environments.ȱThus,ȱ theȱneedȱ toȱ integrateȱplantȱ
physiologicalȱcharacteristicsȱandȱfeedbacksȱtowardsȱtheȱexpectedȱclimateȱchangeȬdrivenȱstressorsȱ
becomesȱevidentȱtoȱaccuratelyȱestimateȱtheȱecosystemȱservicesȱofȱtheȱsaltȱmarshȱcommunity,ȱandȱ
transferȱ theseȱ fundamentalȱ servicesȱ intoȱ economicȱ assets,ȱ forȱ aȱ fluidȱ communicationȱ ofȱ theȱ
ecosystemsȱvalueȱ toȱ stakeholders,ȱdecisionȱandȱpolicyȱmakers,ȱandȱ environmentalȱmanagementȱ
entities.ȱ

Keywords:ȱsaltȱmarsh;ȱblueȱcarbon;ȱclimateȱchange;ȱecosystemȱservicesȱ
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1.ȱIntroductionȱ
Estuarineȱ andȱ coastalȱ transitionalȱ systemsȱ areȱ keyȱ environmentsȱ forȱ ecosystemȱ

functions.ȱWhileȱonlyȱoccupyingȱaboutȱ4%ȱofȱtotalȱlandȱareaȱandȱ11%ȱofȱoceans,ȱtheyȱareȱ
someȱofȱtheȱplanet’sȱmostȱproductiveȱecosystemsȱ[1].ȱTheseȱsystemsȱhaveȱattractedȱhumanȱ
populationȱ dueȱ toȱ theirȱ easyȱ accessȱ toȱ naturalȱ resources,ȱ waterȬpromotedȱ trade,ȱ
commerce,ȱandȱwasteȱdisposalȱ[2].ȱThisȱinevitablyȱledȱtoȱanthropogenicȱimpactsȱinȱtheseȱ
sensitiveȱ ecosystems.ȱ Amongȱ theȱ mostȱ significantȱ anthropogenicȱ impactsȱ toȱ theseȱ
ecosystemsȱareȱ landȱ reclamation,ȱdredging,ȱpollutionȱ (sedimentȱdischarges,ȱhazardousȱ
substances,ȱ litter,ȱ oilȱ spills,ȱ eutrophication),ȱ unsustainableȱ exploitationȱ ofȱ marineȱ
resourcesȱ (sandȱ extraction,ȱ oilȱ andȱ gasȱ exploitation,ȱ fishing),ȱ unmanagedȱ tourism,ȱ
introductionȱofȱalienȱspecies,ȱandȱclimateȱchangeȱ[3].ȱSaltȱmarshesȱareȱsomeȱofȱtheȱmostȱ
importantȱ ecosystemsȱ locatedȱ inȱ theseȱ coastalȱ areas.ȱWorldwide,ȱmarineȱ angiospermsȱ
suchȱ asȱ saltȱ marshȱ communitiesȱ andȱ seagrassesȱ areȱ ofȱ ecologicalȱ valueȱ inȱ coastalȱ
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Coastal areas host some of the planet’s most productive ecosystems, providing life-
sustaining ecological services and several benefits to humankind, while also being some
of the most threatened areas (e.g., by globalization, climate change, and biological
invasion). Salt marshes are coastal habitats with a key role in food and shelter
provisioning, sediment deposition, nutrient cycling and carbon storage. Spartina spp.
is a genus of grass halophytes which occurs in salt marshes worldwide, and includes
species with different invasive potential. We evaluated the effect of climate change in
the distribution and invasion potential of five Spartina species (S. anglica, S. alterniflora,
S. densiflora, S. patens, and S. maritima) at a global scale. Species distribution models
(SDMs) were applied on species occurrence data and atmospheric environmental
predictors (WorldClim 2.1) to project potential changes in habitat suitability and
associated changes in distribution and species co-occurrence until the end of the
century, across four Shared Socioeconomic Pathway scenarios (i.e., SSP1-2.6 to SSP5-
8.5). Projections showed a global trend for increasing species co-occurrence, with
a general range expansion potentiated by increasing pathway severity. This study
suggests that Spartina species can potentially benefit from climate change, predicting
poleward expansions in the Northern Hemisphere for most species, with results
pointing at increased conflict and invasion potential in Northern Europe and East Asian
shorelines, already under strong invasive pressure. S. anglica is projected to remain
a successful invader, with more severe scenarios likely favoring greater expansions.
S. alterniflora exhibits very low expansion comparatively, despite exhibiting the same
northward distribution shift. SSP1-2.6 produced the smallest change to species co-
occurrence, suggesting a smaller potential for invasion-related conflicts, although still
registering a potential net expansion for the Genus. Despite their limitations, SDMs
can help establish general trends in climate change ecology and inform policymakers
and environmental agents to ensure the correct management of these habitats and,
ultimately, ecosystems.

Keywords: biological invasion, coastal areas, salt marshes, cordgrass, native, species distribution model
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A B S T R A C T

Salt marshes are worldwide recognized for their unique and important ecological role. According to the
Intergovernmental Panel on Climatic Change (IPCC), the frequency and intensity of warming events will rise due
to global changes. Halophyte plants, inhabiting salt marshes are known for being highly tolerant to various
abiotic stresses, nonetheless, although it has been acknowledged that the tolerance response is species specific
there could also be differences at the population level. The present work aims to determine if the life history of
two halophytes (Halimione portulacoides and Spartina patens), namely in terms of contaminant exposure, influ-
ences inter-populational heat tolerance. For this purpose, individuals from both species collected at pristine and
contaminated sites were exposed to normal and increased temperature conditions, and its physiological fitness
evaluated throughout biochemical and biophysical analysis. The photobiological traits, pigment and fatty acid
profiles and oxidative stress biomarkers analyses of warming treated individuals, indicate that chronic heavy
metal pre-conditioning significantly influences the heat stress tolerance of the native halophyte plants. Halimione
portulacoides individuals collected at heavy metal contaminated salt marsh appeared more tolerant to heat stress.
On the other hand, the invasive S. patens from the pristine site showed higher tolerance to heat stress. Thus, the
pre-conditioning influences the tolerance mechanisms can affect the way in which salt marsh communities will
evolve in the future, possibly being different through salt marshes. The contaminated marsh can be more re-
silient to invasion than the non-contaminated marsh, since the native species has benefited from this pre-con-
ditioning. Moreover, and from the ecophysiological point the set of biophysical and biochemical indicators were
tested, show a high efficiency in describing the ecophysiological traits, both between species and populations,
facing different pre-conditioning histories.

1. Introduction

Wetlands systems are known to have a worldwide high economic
value and ecological importance, encompassing a large scope of eco-
system services (Larson et al., 1989; Woodward and Wui, 2001). Within
wetlands, salt marshes are providers of various and unique globally
relevant ecological and economic services, varying from wildlife con-
servation and coastal defense to water purification (Teixeira et al.,
2014; Duarte et al., 2017). Usually located within marine transitional
systems, the marsh ecosystem is typically dominated by flora adapted to
stressful environments. Halophytes are the typical salt marsh colonizers
due to their high tolerance to several abiotic stresses, like flooding

(Duarte et al., 2014a), high salinity (Duarte et al., 2013a), heavy metal
pollution (Duarte et al., 2013b) and extreme heat and cold events
(Duarte et al., 2015a), presenting morphological and physiological
adaptations that allows them to inhabit these adverse environments.
The Tagus estuary is no exception, containing various salt marshes af-
fected by anthropogenic contamination in different degrees, mainly due
to heavy metal contamination from industrial exploration (Caçador
et al., 1996, 2009, 2012). Nonetheless, the various parts of the Tagus
salt marsh environments and most of the Mediterranean salt marshes
are abundantly colonized by the native C3 succulent halophyte Hali-
mione portulacoides L. Allen (Amaranthaceae) and the invasive grass C4
halophyte Spartina patens (Aiton) Muhl. (Poaceae) (Caçador et al.,
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Abstract: Land salinization, resulting from the ongoing climate change phenomena, is having an
increasing impact on coastal ecosystems like salt marshes. Although halophyte species can live
and thrive in high salinities, they experience differences in their salt tolerance range, being this
a determining factor in the plant distribution and frequency throughout marshes. Furthermore,
intraspecific variation to NaCl response is observed in high-ranging halophyte species at a population
level. The present study aims to determine if the environmental history, namely heavy metal pre-
conditioning, can have a meaningful influence on salinity tolerance mechanisms of Spartina patens,
a highly disperse grass invader in the Mediterranean marshes. For this purpose, individuals from
pristine and heavy metal contaminated marsh populations were exposed to a high-ranging salinity
gradient, and their intraspecific biophysical and biochemical feedbacks were analyzed. When
comparing the tolerance mechanisms of both populations, S. patens from the contaminated marsh
appeared to be more resilient and tolerant to salt stress, this was particularly present at the high
salinities. Consequently, as the salinity increases in the environment, the heavy metal contaminated
marsh may experience a more resilient and better adapted S. patens community. Therefore, the
heavy metal pre-conditioning of salt mash populations appears to be able to create intraspecific
physiological variations at the population level that can have a great influence on marsh plant
distribution outcome.

Keywords: halophytes; osmotic stress; pre-conditioning; intraspecific variability

1. Introduction

According to the analysis of the data gathered, through this and the last century, the
Intergovernmental Panel on Climate Change (IPCC) report shows a worldwide intensifica-
tion of abiotic stresses with alarming environmental and economic implications, notably
the increase and intensity of extreme climate events, droughts, floods, sea-level rise, water,
and land salinity variations and others [1]. Earth can be considered a salt planet since
approximately, 97.5% of all planet’s water content is saltwater, occupying roughly 70% of
the surface encompassed in oceans, lakes, and groundwater [2], furthermore, it has been
estimated that high soil salinity is affecting 20% of total Earth’s land surface and 33% of
agricultural irrigated lands [3,4].

In coastal regions, especially in the high populated low-elevation coastal lands and
estuaries, climate change will likely increase, at an elevated rate, the soil, and water salinity,
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Abstract The recent IPCC WG2 5th Assessment
Report (IPCC 2014), notes an increase in the frequency

and duration of extreme climatic events, especially for the

Mediterranean region. Together with climate change, the
invasion of natural communities by non-indigenous

species (NIS) constitutes a serious threat to biodiversity.

One of these NIS is the American Spartina patens, now
present in Western European marshes. The present study

aims to understand the biochemical and photochemical

responses of S. patens compared with S. maritima under
extreme temperature events. Under normal and extreme

heat conditions, S. patens had a higher photosynthetic

efficiency (a), comparedwith coldwaveevents,where the
native S. maritima was far more efficient. This reduced

photosynthetic efficiency was mostly due to a decrease in

the connectivity between photosystem II (PSII) antennae.
This was accompanied by severe damage to the oxygen-

evolving complex of PSII. On the other hand, S. patens

oxygen evolving complexes (OECs) seem to be temper-
ature insensitive. The light absorption capacity was

maintained due to a higher net rate of reaction centre

(RC) closure as a counteractive measure of the reduced
number of RC, especially in S. maritima. The loss of

connectivity between PSII antennae and damage inOECs

under heat stress leads to a severe reduction in the
maximum yield for photochemistry enhanced by the low

probability of each absorbed quanta to produce electronic

work. However, while S. maritima presents high energy
losses under heat stress, S. patens developed efficient

quenching mechanisms under thermal stress, through

auroxanthin. In S. patens, cold wave-treated individuals
also displayed a very active line of enzymatic defences for

reactive oxygen species scavenging. In fact, only cold

treated individuals of this species presented higher
activities of anti-oxidant enzymes, revealing some degree

of adaptation to this new environment. In contrast, in S.

maritima the exposure to extremeheat periods led, inmost
cases, to a decrease in the enzymatic defences, leaving the

cell prone to oxidative damage. In summary, S. patens

appears to have a higher fitness for the incoming climatic
scenarios, being more tolerant to heat stress, while S.

maritima will have its photobiological fitness decreased.
This will impose a shift in the salt marsh biodiversity,

favouring the non-indigenous S. patens expansion.

Keywords Non-indigenous species ! Photo-system
thermo-stability ! Oxidative stress ! Ecophysiological
fitness
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Invasion and Extirpation Potential of
Native and Invasive Spartina Species
Under Climate Change
Francisco O. Borges1*, Catarina P. Santos1, José R. Paula1, Enrique Mateos-Naranjo2,
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Coastal areas host some of the planet’s most productive ecosystems, providing life-
sustaining ecological services and several benefits to humankind, while also being some
of the most threatened areas (e.g., by globalization, climate change, and biological
invasion). Salt marshes are coastal habitats with a key role in food and shelter
provisioning, sediment deposition, nutrient cycling and carbon storage. Spartina spp.
is a genus of grass halophytes which occurs in salt marshes worldwide, and includes
species with different invasive potential. We evaluated the effect of climate change in
the distribution and invasion potential of five Spartina species (S. anglica, S. alterniflora,
S. densiflora, S. patens, and S. maritima) at a global scale. Species distribution models
(SDMs) were applied on species occurrence data and atmospheric environmental
predictors (WorldClim 2.1) to project potential changes in habitat suitability and
associated changes in distribution and species co-occurrence until the end of the
century, across four Shared Socioeconomic Pathway scenarios (i.e., SSP1-2.6 to SSP5-
8.5). Projections showed a global trend for increasing species co-occurrence, with
a general range expansion potentiated by increasing pathway severity. This study
suggests that Spartina species can potentially benefit from climate change, predicting
poleward expansions in the Northern Hemisphere for most species, with results
pointing at increased conflict and invasion potential in Northern Europe and East Asian
shorelines, already under strong invasive pressure. S. anglica is projected to remain
a successful invader, with more severe scenarios likely favoring greater expansions.
S. alterniflora exhibits very low expansion comparatively, despite exhibiting the same
northward distribution shift. SSP1-2.6 produced the smallest change to species co-
occurrence, suggesting a smaller potential for invasion-related conflicts, although still
registering a potential net expansion for the Genus. Despite their limitations, SDMs
can help establish general trends in climate change ecology and inform policymakers
and environmental agents to ensure the correct management of these habitats and,
ultimately, ecosystems.

Keywords: biological invasion, coastal areas, salt marshes, cordgrass, native, species distribution model
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Ecoengineering Solutions for the
Impairment of Spreading and Growth
of Invasive Spartina patens in
Mediterranean Salt Marshes
Ricardo Cruz de Carvalho1,2*, Eduardo Feijão1, Irina Duarte1, Vanessa Pinto1,
Marisa Silva1, Ana Rita Matos3,4, Anabela Bernardes da Silva3,4, Isabel Caçador1,3,
Patrick Reis-Santos1,5, Vanessa F. Fonseca1,6 and Bernardo Duarte1,3
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The invasion of natural communities by non-indigenous species represents one of
the most serious threats to biodiversity. Understanding the ecophysiology of invasive
species can provide insights into potential physiological handicaps relative to native
species. By doing so, we can leverage the development of ecoengineering solutions
for the removal of non-indigenous species, preferably using non-chemical methods.
Spartina patens is a known invasive species of cordgrass aggressively proliferating
in Mediterranean salt marshes, producing impenetrable monospecific stands. As its
occurrence is delimited by the upper high tide water level, we hypothesized that
S. patens is intolerant to waterlogging. Therefore, we developed a field experiment
where strands of S. patens were kept waterlogged over the entire tidal cycle for 30 days.
At the end of the experimental period, plants in the trial plots exhibited severe stress
symptoms at different physiological levels compared with control plots (no intervention).
At the photobiological level, intervened plants exhibited lower efficiency in producing
chemical energy from light, whilst at the biochemical level waterlogging impaired
the antioxidant system and increased lipid peroxidation products. Furthermore, the
application of chlorophyll a pulse amplitude modulated (PAM) fluorometry, a non-invasive
technique, allowed us to evaluate the effectiveness of the implemented measures,
being the tool that provided the best separation between the control and intervened
population. Considering the physiological traits observed here, ecoengineering solutions
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Habitat de crustáceos, bivalves e outros invertebrados
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peixes
Zonas de contemplação, relaxamento e atividades de
lazer

Tendo em conta os possíveis serviços que os sapais nos prestam, do seu ponto de vista, quais
os serviços que reconhece como os mais importantes?
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