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1. Introduction

Coastal-transitional areas, including delta plains, strandplains, lagoons, embayments,
salt marshes, and mangroves, are some of the most valuable global resources in terms of
both socioeconomic interest and cultural–natural heritage. However, these areas, placed at
the border between land and sea, are extremely sensitive to the combined effect of several
natural and anthropogenic factors, resulting in them inevitably being at the forefront of
the threat of global change. In this respect, approximately 28,000 km2 of global coastline
was eroded between 1984 and 2015, about twice as much as that formed by accumulation
processes [1]. Besides coastal erosion and loss of territory, severe impacts on environments
and ecosystems are ascribable to the accumulation of anthropogenic debris, contaminants,
and algal masses (e.g., [2–6]). According to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change-IPCC, by 2100 the health of coastal zones will worsen
as a result of the gradual rise in sea-level and due to the possible increase in frequency
and intensity of extreme events. Both phenomena are related to global warming that, in
turn, is very likely connected with the use of fossil fuels and the increased human pres-
sure on the Earth [7]. Unfortunately, the IPCC projections appear too optimistic since the
global sea-level is likely to rise considerably (up to 1.35 m) and more rapidly than what
has been forecast so far. Indeed current predictions suffer from the limited amount of
information concerning changes in ice-sheet volumes and, specifically, data on the melt-off
rate of Antarctica are considered crucial for robust model testing and analysis [8]. All these
elements, contextualized into the natural dynamic equilibrium of coasts, may put at risk
the future of many human lives, cities, and services, as hundreds of millions of people
currently live and take advantage of the coastal zone (e.g., [9,10]).

The urgent need for good practices, aimed at the preservation and sustainable ex-
ploitation of natural resources, has increased the interest of the scientific community in
the complex dynamics and resilience strategies of low-lying coastal-delta plains and rocky
coastal sectors. In this regard, the high sensitivity of coastal-transitional environments
to climate-relative sea level (RSL) oscillations and anthropogenic activities, operating at
various timescales (from millennial to sub-centennial), makes them exceptional geological
archives storing critical information about present and past processes alike.

This Special Issue focuses on three main aspects of coastal-transitional systems, namely,
complexity, vulnerability, and sensitivity; underlining the key role played by highly in-
tegrated multidisciplinary approaches to unraveling the records of the present and the
past. This Issue aims to illustrate a set of recent advances in field and remote sensing
observations, laboratory techniques, numerical modelling, and statistical analyses applied
to the quantitative monitoring of coastal areas and the reconstruction of past landscape
dynamics under changing climate-RSL conditions.
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2. Content of the Special Issue

If supported by a multidisciplinary approach, lessons from the past and the present
are known to be strategic for a robust estimation of future scenarios and the identification of
the main processes and drivers, with a high degree of confidence (e.g., [11–17]). This Special
Issue offers a wide spectrum of contributions, where different methodologies have been
used to improve our knowledge of various coastal sectors facing the Atlantic Ocean and
the western Mediterranean Sea. The study areas include sites ranging from the Mexican
Caribbean, Patagonian Argentina, the eastern region of the United States, and the Ligurian,
Tyrrhenian, and Adriatic coasts of Italy.

The proposed nine manuscripts cover three fundamental topics, highlighting different
aspects through an original angle of investigation: (i) the identification of evolution trajecto-
ries and related controlling factors during the recent past (i.e., the late Quaternary period);
(ii) the monitoring of coastal processes over short time periods (i.e., years); and (iii) the
quality status of environments and ecosystems under natural and/or human-related (e.g.,
pollution) stress conditions.

The first group of articles deals with the past sedimentary and palaeobiological record
of the coastal zone and the wide range of information that can be extracted. Specifi-
cally, Rossi et al. have documented the importance of a multidisciplinary approach to
reconstructing the late Quaternary evolution trends of depositional environments and
vegetation patterns of rocky coastal tracts. The application of a multi-proxy (ostracoda,
foraminifera, pollen, and radiocarbon), facies-based analysis on the subsurface of the Gulf
of La Spezia (NW Italy, Ligurian Sea) allowed the identification of past landscapes and
related forcing factors, including climate, relative sea-level oscillations at Milankovitch and
sub-Milankovitch scales, and inherited morphologies.

Christie et al. have underlined the crucial role played by age-depth models for better
understanding the climatic and geological information stored in the coastal sedimentary
archives. The authors have combined new and published pollen data from eight coastal
wetlands (salt marshes and mangroves) along the Atlantic coast of the United States, from
Florida to Connecticut, to define the age and uncertainty of a series of pollen chronohori-
zons over the last 500 years. The results of this study demonstrate that the inclusion of
pollen chronohorizons in age-depth models can be helpful in situations where other age
markers have proven to be sparse or largely uncertain in age.

Another group of fossils (molluscs) was used by Borretto et al. to obtain quantitative
data on the climate change effects at a regional scale (SW Atlantic Ocean) over the Holocene.
The authors have interpreted the stable isotope composition (δ18O) of living and fossil
Mytilidae shells, collected from the gulf area of Bahía Camarones (Chubut, Argentina),
as indicative of sea temperature changes. These isotopic values suggest cooler seawater
before 6.1 cal ka BP, with a maximum possible temperature shift of about 5 ◦C. A possible
explanation for this change is the northward position of the confluence zone of the Falkland
and Brazilian currents.

Moving from past to present conditions, the second set of articles document progress
in the application of remote sensing techniques for the monitoring of coastal processes
and environments. Luppichini et al. have addressed the issue of shoreline definition
by comparing the different methods available and testing them on the Pisa coastal plain
(NW Italy, Ligurian Sea). They have suggested a new and valid beach topography-based
algorithm (now also officially recognized in the qgis plugin repository). Chavez et al. have
applied satellite image analysis to understand the dynamics of the Sargassum influx in the
sea off the Mexican-Caribbean coast (western-central Atlantic Ocean) over the past seven
years (2014–2020). The authors have also evaluated the impact on ecosystems (local flora
and fauna) and society, proposing strategies to mitigate the negative effects of massive
Sargassum influxes.

The contributions by Barbieri et al., Pasquetti et al., Losada Ros et al., and Merlino
et al. compose the third group of articles, which deal with the quality status evaluation of
coastal areas and good practices in coastal management. Barbieri et al. have faced the issue
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of defining reference conditions in naturally stressed transitional settings, through the anal-
ysis of the palaeoecological quality status (PalaeoEcoQs) of Holocene lagoon and paludal
environments, encased within the shallow subsurface of the Po coastal plain (NE Italy, Adri-
atic Sea). Values of foraminiferal species diversity and Foram–AMBI indices, accompanied
by multivariate analyses, demonstrate the importance of a site-specific palaeobiological
approach to exploring the high ranges of variability of such environments.

Human activities, superimposed on the natural short and long (palaeo-)environmental
gradients, can lead to a dramatic degradation of the quality status of coastal areas. In
particular, pollutants represent a great threat for ecosystems. The importance of studying
heavy metals distribution, concentration, and effects on benthos has been stressed by
Pasquetti et al. and by Losada Ros et al., respectively. Pasquetti et al. have defined the
geochemical baseline of southern Tuscany (NW Italy), an important metallogenic district
hosting relevant S-polymetallic deposits intensely exploited for centuries, before human
intervention. They have evaluated the potential dispersion of these harmful elements
in the Orbetello lagoon (Tyrrhenian Sea). Losada Ros et al. have tested the acute effect
of cadmium-Cd, one of the most dangerous pollutants for marine organisms, on the
benthic foraminiferal species Ammonia cf. parkinsoniana via a bioassay experiment. This
study reveals the potential threat of Cd, even at very low concentrations, to an important
component of the coastal meiofauna (A. cf. parkinsoniana), by providing complementary
information to field observations and quality status evaluations.

Microplastics (e.g., [18]) represent another widespread form of pollution, which is now
widely recognized. Merlino et al. have tested and validated a Raman portable instrument
for in situ analyses of the polymeric nature of large microplastics (LMPs) in the Pelagos
Sanctuary, an international protected area along the north-western Italian coastline. The
study demonstrates how that type of polymer influences the degree of fragmentation and
underlines the necessity to further investigate the mechanisms leading to the production
and dispersion of MPs in coastal areas.

All the papers published in this issue emphasize on the need for robust field and
laboratory data, framed in an integrated approach, to improve our knowledge about coastal
dynamic processes and to support models concerning future evolution trends, and the
sustainable development of such sensitive territories. The different contributions underline
the importance of precise methodologies for solving specific problems, but they also
highlight the urgency for shared strategies designed to preserve a precious environment
increasingly threatened by both anthropogenic impacts and climate change.
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