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Abstract
Fucales are brown macroalgae that play a relevant structural and functional role in marine
ecosystems but are experiencing a huge decline in many areas of the Mediterranean Sea. Despite
the long tradition of phycological studies in the Gulf of Naples (Italy), a gap of knowledge on their
dynamics and current status has been highlighted for the last 60 years in this area. This thesis aimed
to provide an overview on long-term changes in the distribution ad abundance of Cystoseira spp.
and Sargassum spp. along different sectors of the Gulf of Naples in the bathymetric range between
0 and 50 m depth.
Research was focused into three main objectives: 1) to assess the historical decline of
Fucales the Gulf of Naples and their putative causes; 2) to map their current distribution; 3) to
investigate the role of consumers in their loss. Results highlighted a decline of Cystoseira and
Sargassum spp. mainly in the most urbanized areas of the gulf. Seven of the eighteen species
recorded in the first half of the 20th century were no longer recorded; for other species the local
decline could end up with their extinction if no action will be pursued for their conservation. A
detailed georeferenced map (1:2,500) of Fucales has been elaborated for the shallow species;
SCUBA surveys were performed for deep algae. Some human actions, such as coastal
artificialization, can affect species richness and distribution in shallow sublittoral stands. Another
mechanic pressure that can act on deep species is the intense fishing activities performed with
fishing gears. Probably the interaction between the physic damage and the increase of water
turbidity, related to a high eutrophication, can affect the vitality of deep species and their successful
spread. The occurrence of patches of Cystoseira, among very dense and deep stands of Posidonia
oceanica meadows in the oligotrophic waters around the island of Capri, seems to confirm this
hypothesis. Another interesting result was obtained by a feeding choice experiment. The sea urchin
Paracentrotus lividus fed indiscriminately on different macrophytes according to the equal choice
behaviour between macrophytes offered alone or together, regardless of differences in total
phenolic compounds content and C:N ratio. In conclusion, results infer that the improvement and
maintenance of the environmental quality of the Gulf of Naples is a major issue not only for the
welfare of the coastal ecosystems, but also for its social and economic spin off.
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1.1 Introduction
The worldwide increase of human population and anthropic activities are leading to a huge
deterioration of habitats with massive negative effects on biodiversity and ecosystem integrity.
These pressures are mainly exerted on marine habitats, which support socio-economic and
ecological goods and services for the whole planet. Among different species experiencing a
declining trend, marine ecosystem engineers deserve special interest because they support many
associated species, contributing to maintain high level of biodiversity, both structural and
functional. The study on the occurrence of these species and their status is not only a conservation
concern: it is a priority that must be achieved before their complete loss, in order to furnish a
proper reference line for a long term assessment evidencing early warning signals leading to their
unsustainability.
This thesis aims to provide an updated scenario of some peculiar ecosystem engineers, the
brown macroalgae of the genera of Cystoseira and Sargassum present in the Gulf of Naples (Italy),
an area historically inhabited by these species but currently suffering huge human pressures.

1.2 Worldwide decline of Fucales
We are currently almost 7.5 billion of people in our blue planet (Figure 1) but the number
is expected to increase in the next thirty years as well as the current high number (60 %) of human
population living in costal zones (Figure 2, Figure 3).
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Figure 1: World population growth and near forecast
nomad.net/2011/03/disturbing-chart-of-ever-increasing.html)

for

the

future

(http://www.i-

Figure 2 : Coastal population and shoreline degradation (Harrison & Pierce, 2001)
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Figure 3: Population density along European coastal zones (EEA, 2009)

Anthropic pressures negatively affect marine environment causing different types of
impacts (i.e. pollution, overfishing, oil spill, maritime traffic). The cumulative pressures affecting
the Mediterranean Sea are summarized in Figure 4. Among impacts, habitat loss, resulting from the
human expansion along land, coastline and sea bottom reclamation, is strictly correlated with the
biodiversity depletion worldwide (Pimm & Raven, 2000) and it is directly linked with the
increasing of human population density.

4

Chapter 1

Figure 4: Cumulative pressures in the Mediterranean basin; in the frame the Gulf of Naples (from Micheli et
al. 2005, modified).

Besides different species overwhelmed and threatened by human pressure ever increasing
on coastlines (Millennium Ecosystem Assessment, 2005), the loss itself of a species has an intrinsic
importance not only as taxonomic entities, but also as a valuable resource for many other species
to which it provides shelter, refuge, and a substrate for feeding, reproduction, spawning and
nursery. The valuable functional roles of these species in ecology are recognised by many authors
with the well-known concepts of ‘keystone species’, ‘canopy-forming species’, ‘habitat-forming
species’ and ‘ecosystem engineers’ (Menge et al., 1994; Jones et al., 1994; Jones et al., 1997). All
these definitions focused on the importance of the functional role of one/few species for many
others.
It is fairly evident that the widespread loss of these species can cause dramatic shifts in
structure and function of ecological systems, with implications for global economy too. In fact,
marine habitats are estimated to provide 10 trillion of euros of ecosystem goods and services per
year corresponding to the 43 % of the global total (Costanza et al., 1997). If no effective action will
be implemented, relevant habitats such as coral reefs, seagrass meadows and algal forests (that can
contribute in different ways to the success of this economy) are going to collapse through huge
cascading effects. In the framework of Marine Spatial Planning (MSP) and Integrated Coastal
Management (ICM) it is of fundamental interest to know biology, ecology and distribution of these
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sensitive and threatened species, in order to properly calibrate and carry out adequate conservation
and management effort.
Among canopy forming species, we include large brown algae belonging to the Fucales
and Laminariales orders: they are suffering an intense decline worldwide.

In Table 1 an overview of the world decline of Fucales and Laminariales species is reported. Both
orders are cited as they are responsible of the formation of sublittoral forests but the Laminaria and
Macrocystis genera will not be taken into account in this dissertation.

Table 1: Phaeophyceae decline and evidenced cause of loss

Species

Cause of loss

Region

References

Acrocarpia, Caulocystis,
Cystophora, Scaberia,
Scytothalia, Seirococcus

urbanization

Australia

Connel et al., 2008

Ascophyllum nodosum

harvesting, climate change ,
trampling

Atlantic Ocean

Airoldi & Beck, 2007; Bokn
& Lein, 1978; Munda, 1974;
Keser et al., 2005;
Araujo et al., 2009, 2012;
Birkett et al., 1998; Christie
et al., 1998

Bifurcaria bifurcata

pollution industrial and
domestic sewage, nontreated outfall
habitat destruction,
eutrophication and overgrazing,,
'minva' (very low tide for a long
period of time, due to
meteorological events),
trampling, pollution, industrial
and domestic sewage, nontreated outfall;

Europe Atlantic

Diez et al., 1999, 2009

Mediterranean sea;
Baltic Sea,
Europe Atlantic,
Okhamandal coast
(India)

Arnoux & Bellan-Santini,
1963, 1964, 1972; BellanSantini & Desrosiers, 1977;
Soltan
et
al.,
2001,
Boudouresque et al., 1990;
Cecere et al., 1996, 2001;
Celan et al. 1979; Clarisse,
1980, 1984; Cormaci &
Furnari 1999; Cormaci et al.,
2001; Desrosiers et al., 1982
and 1986; Devescovi &

FUCALES

Cystoseira spp.
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Ivesa, 2007; Diez et al., 1999,
and 2009; Falace et al., 2010;
Fraschetti et al., 2011;
Giakoumi et al., 2012;
Guidetti et al., 2003, Huvé,
1970; Kostenko et al., 2008;
Langmead et al., 2009; Macic
et al., 2010; Mangialajo et al.,
2008; Milazzo et al., 2002;
Milchakova,
2003;
Minicheva, 1966; Munda,
1974, 1982, 1993, 2000;
Rodriguez-Prieto,
1992;
Rodríguez-Prieto & Polo
1996; Petranu, 1996; Sala et
al., 2012; Sales et al., 2011;
Sfriso et al. 1987; Soltan et
al., 2001; Susini et al.,
2007a,b;
Susini,
2006;
Templado, 2014; Tewari &
Joshi, 1988; Thibaut et al.,
2005, 2011, 2015a,b, 2016b;
Tsiamis et al., 2013; Vasiliu
& Muller, 1973; Zaitsev &
Mamaev, 1997; Zaitsev,
2006; Verges et al., 2014.

Fucus spp.

Pollution, grazing, ice scouring,
increased turbidity and
decreased light levels, increased
sedimentation, competition with
filamentous algae, harvesting
oil spill, coastal development
and pollution, grazing

Atlantic Ocean,
Europe, Finland
Poland; Germany,
Sweden, Denmark,
Lithuania Baltic
Sea Mediterranean

Halidrys siliquosa

eutrophication, thermic
anomalies, biological
interactions
sewage outfall

Sweden

Phyllospora comosa

Australia

Kangas
et
al.,
1982;
Haahtela, 1984; Kangas &
Hällfors, 1985; Plinski &
Florczyk,
1984; Vogt &
Schramm, 1991; Kautsky et
al., 1986; Eriksson et al.,
1998; Engkvist et al., 2000;,
Middelboe et al 2000; Kangas
et al., 1982; Messner & von
Oertzen, 1991; Vogt &
Schramm, 1991; Olenin &
Klovaité, 1998; , Berger,
2004:
Bokn & Lein, 1978; Munda,
1974; Fernandez & Niell,
1982; Nilsson et al., 2004;
Airoldi & Beck, 2007;
Rosemarin et al., 1986;
Kautsky, 1992; Andersson &
Kautsky, 1996; Malm et al.,
1999; Engkvist et al., 2000
Waern, 1952; Haahtela, 1984;
Kiirikki & Ruuskanen, 1996;
Kautsky et al., 1986; Vogt &
Schramm,
1991;Kiirikki,
1996;
Schramm,
1996;
Kangas
et al., 1982; Worm et al.,
1999, Birkett et al., 1998,
Christie et al., 1998; Stekoll
& L. Deysher,1996; Nilsson
et al., 2004,1999;
Lundälv et al., 1986

Coleman et al.,
Campbell et al., 2014

2008;
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Sargassum spp.

channel excavations, limited
water exchange,
eutrophication; by land
reclamation anthropogenic
perturbations,
over exploitation and climate
change, land reclamation,
urbanization

Scytothalia dorycarpa

marine heat waves

Silvetia compressa
S. fastigiata

urbanization

Mediterranean,
Japan,
Okhamandal coast
India,
Japan, Australia

Sfriso et al. 1987; Terawaki
et al., 2003; Thibaut et al.,
2005; 2015a, 2016a; Sfriso &
La Rocca, 2005;
Airoldi & Beck, 2007;
Watanuki et al., 2010; Yu et
al., 2012; Tewari & Joshi,
1988; Serisawa et al., 2004;
Okuda et al., 2008; Connel et
al., 2008; Phillips et al., 2011;
Bianchi et al., 2014; Verges
et al., 2014.
Australia
Connel et al., 2008; Smale &
Wernberg, 2013;
Southern California Dawson,
1959,
1965;
Widdowson, 1971; Murray &
Littler. 1984; Whitaker et al.,
2010; Munda, 1974

LAMINARIALES
Laminaria spp.
Macrocystis spp.

eutrophication, coastal
development and pollution,
urbanization, grazing, seawater
warming, land reclamation,
harvesting with trawling,
sedimentation.

Atlantic Ocean,
Asturias (Spain),
Iberian peninsula,
Japan, Norway,
Britain and Ireland,
Australia

Hagen, 1995; Steneck et al.,
2002; Fernandez & Niell,
1982; Serisawa et al., 2004;
Connel
et
al.,
2008;
Raynbaud et al., 2013;
Fernandez, 2011; Diez et al.,
2012; Voerman et al.,
2013;Tuya et al., 2012;
Dayton et al., 1992,Okuda et
al., 2008; Birkett et al.,
1998b; Christie et al., 1998;
Airoldi & Beck, 2007;
Harrold & Reed, 1985; Reed
et al., 1988, 1996; Kennelly
et al., 1987; Dayton et al.,
1984; Verges et al., 2014;
Birkett et al., 1998b; Christie
et al., 1998.

Human activities can alter chemical and physical characteristics of the fucoids
environment: eutrophication, pollution (chemical and organic), altered sedimentation, altered
salinity, land and sea reclamation and climatic changes are some of the most relevant threats acting
with bottom-up control and directly modifying algal composition and diversity of the communities.
However other human activities such as over-exploitation and introduction of novel and/or invasive
species can alter the top-down control modifying populations of consumers, both predators and
grazers. Such alterations of consumer populations often skew food webs in ecosystems, disrupting
their functioning, and in extreme situations, causing ecosystem collapse (He & Silliman, 2016).

8

Chapter 1
Researches on dynamics of vegetated Mediterranean rocky sublittoral communities have
been focused on bottom-up controls (e.g. light, nutrient availability, temperature) (Ballesteros,
1991) (Figure 5) and on top-down control (e.g. predation) (McClanahan & Sala, 1997) (Figure 6)
with two successional extremes (sea urchin barrens vs. fleshy algal communities) (Hereu et al.,
2004).

Figure 5: Three dimensional representation of the north-western Mediterranean phytobenthic communities
dynamics over a long period of time (Ballesteros, 1991)

Figure 6: Model of dynamics of western Mediterranean rocky infralittoral algal assemblages (Sala et al.,
1998)
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However, studies of cumulative multiple stressor effects and interactions on one or more
phases of the life cycle of fucoids (in particular those regarding egg and zygote dispersion and
settlement) are necessary for improving coastal marine management, as the maintenance and
conservation of shallow belts and deep forests of these large brown algae. These researches need to
include baseline information and high resolution habitat maps.
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1.3 Mediterranean Fucoids
In the Mediterranean Sea, the seagrass Posidonia oceanica and coralligenous assemblages are
considered the first and second most important hotspot of biodiversity (Boudoresque, 2004), with
an approximate number of associated species, about 800 and 1600, respectively (Boudoresque,
2004; Ballesteros, 2006).
Researches on the role of ecosystem engineer of fucoids (Figure 7) are relatively scant if
compared to those on the previous two benthic systems even if Cystoseira and Sargassum species
play a key role in the formation of a complex three dimensional habitat, widely recognized by
many authors (Sauvageau, 1912; Funk, 1927; Feldmann, 1937, 1938, 1941; Molinier, 1960;
Boudoresque, 1972). Some Fucales forests have been reported to have biomass values comparable
or even higher respect to Posidonia oceanica (Robvieux, 2013). Furthermore, a not exhaustive and
approximate account of species associated to Fucales forests resulted in more than 500 species but
no overall data on their extension in the Mediterranean Sea is available until now.

Figure 7: Upper sublittoral and lower sublittoral Cystoseira (left) and Sargassum (right) spp. (the photo
below at right is by Yiannis Issaris).

Cystoseira and Sargassum species constitute forests in the Mediterranean Sea that could be
considered as miniaturized analogous of the Atlantic laminarian forests. The order Fucales widely
11
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occurs all along the world and it is represented by 9 families and 530 species (Guiry & Guiry,
2016). Many of these seaweeds form dense populations in the intertidal zone of temperate rocky
shores with almost monospecific belts. Due to their relatively large size (from 20 cm to 1 m in
length in very calm environmental conditions), they are considered habitat formers and ecosystem
engineers (sensu Jones et al., 1994). The presence of three dimensional branched algae in the
environment greatly modifies the colonized environment and promotes biological diversity
(Ericksson et al., 2008; Mangialajo et al., 2008; Gianni et al., 2013). They are primary producers,
exporting organic matter and oxygen producers for other ecosystems.

1.3.1 Cystoseira spp.
The Cystoseira genus was described in 1820 by the Swedish phycologist Carl Adolph Agardh;
the name means ‘chain of vesicles’ ( υσ = vesicle and σε α= chain) referring to the occurrence
of air pockets on the thallus. At least 289 entities (species and intraspecific names) have been
recognized but only 41 are currently taxonomically accepted (Guiry & Guiry, 2016).
Most of the species of this genus are neo-endemism, characterized by a speciation process which is
still active today (Giaccone & Geraci, 1989); only C. corniculata and C. barbata are considered
paleo-endemism of the Miocene. The Mediterranean Sea is therefore considered the hot-spot for
Cystoseira species, where they reach the highest diversity (Cormaci et al., 2012). In fact, among the
41 species described worldwide, 30 of the 32 are present in the Mediterranean Sea and endemic of
this basin, where they probably diverged after the Messinian salinity crisis about 6 million years
ago and with an Atlantic ancestor (Hsu, 1982).
Giaccone & Bruni (1973) stressed about the importance of the high plasticity of this genus
and the occurrence of a great number of ecotypes in different geographical zones and
environmental conditions, according to the biogeographic phenomenon of vicariance. The
possibility of hybridization between species evolved closely is indicative of a recent speciation
event that may lead to vicariance in different areas of Mediterranean basin (Amico, 1995). Apart
the endemic Mediterranean species, the remaining species extend their distribution into the
northeast Atlantic Ocean.
12
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Cystoseira species are considered some of the most important marine ecosystem-engineers
(Molinier, 1960; Jones et al., 1994), forming extended stands comparable to land forests (Figure 7,
8). They increase three-dimensional complexity and spatial heterogeneity of rocky bottoms,
providing substrate for many other algae, refuge, shelter and food for a lot of invertebrates ad
vertebrates at different life history stages (Molinier, 1960; Ballesteros, 1990; Ballesteros et al.,
1998; Benedetti-Cecchi et al., 2001; Chemello & Milazzo, 2002; Casu, 2006; Faucci & Boero,
2000; Bedini et al., 2011; Bulleri, et al., 2002; Riccato et al. 2008; Cheminee et al., 2013; Pitacco et
al., 2014; Thiriet et al., 2016). Moreover, Cystoseira spp. associations showed the highest fish
species diversity compared to other habitats (Orlando-Bonaca & Lipej, 2005). Juvenile forms of
crustaceans, molluscs and polychaetes are dominant in this habitat (Kocatas et al., 2004; Gözler et
al., 2010; Çulha et al., 2010; Pitacco et al., 2014). Among the most common macroscopic species
we can cite the spider crab Acanthonyx lunulatus (very common in most of shallow stands), and
many amphipod species that represent an important resource for the food web (Figure 8).
Mancuso et al. (2016) highlighted also the occurrence of bacteria associated with C.
compressa; these bacteria can affect the health of this species, suggesting a possible role in its
decline but further studies are needed in this still unexplored field of research.
Fucales are also important in terms of biomass. For example, maximum dry weight values
recorded from May to November for C. amentacea can exceed 2 kg/m2 (Bellan-Santini, 1972).
From the morphological point of view, these species are described as algae with a single axis
or caespitose, up to 1 m high, attached to the substratum by a conical disc or by haptera (Gomez
Garreta et al., 2001; Figure 9). The main axis is cylindrical (it is flattened in C. baccata only, a non
mediterranean species), simple or branched; a greenish-blue iridescence is reported in some
species.
Cystoseira species have a monogenetic diplontic life cycle, so the unique haploid stage is
found in the gametes, which merges together forming a heavy zygote (Figure 10a). They are
characterized by high reproductive potential, with abundant, large, heavy and easily sinking eggs
and zygotes.
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This reproductive strategy favours the formation of dense mono-specific assemblages, but
limits the dispersal ability of the species, with important implications for their conservation and
restoration.
Fertile receptacles are generally present in spring-early summer. Conceptacles are normally
hermaphrodites, although in some species they may be unisexual at least during some period of the
year. The algae are perennant and plurennial but with seasonal changes in shape and biomass
during the year (Figure 10b, c, d).
Microscopic zygotes and juveniles, under optimal conditions of light, hydrodynamic and
trophic conditions take up to several months to reach the macroscopic size, and the growth may be
delayed under less favourable conditions (Gunnill, 1980; Schiel & Foster, 2006). The potential for
delayed growth in early life stages has important implications for population replenishment,
especially after a disturbance.
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Figure 8: Three dimensional architecture of fucoids (Llimona et al., 1985) (a); zonation along a depth
gradient (from Llimona et al., 1985, modified) (b) diversity of amphipods associated to different species (c)
(from Costa et al., 2009, modified)
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Figure 9 : Morphological features for their taxonomic identification (from Llimona et al., 1985 and Mannino
& Mancuso 2009, modified).

This genus is characterized by a high diversity of secondary metabolites, both constitutive
and wound activated. Verges et al., (2009) found that some species (C. balearica and C. crinita)
are less grazed than others, probably due to the differential levels of terpenoid metabolites, which
are considered absent from highly palatable species, such as C. compressa and C. amentacea
(Amico, 1995).
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Figure 10: Life cycle of Cystoseira spp. (a, from Gomez Garreta et al., 2001, modified) and seasonal changes
in shape and biomass between the end of summer (b) late winter (b) and spring (c) (from Falace and Bressan,
2005, modified)

Additional compounds are not constitutive but are produced as direct response to herbivore
attack. In particular, Demirel et al., (2012) observed the highest concentration of total phenolic
content in Cystoseira spp. in May, when the algal growth of the plant is the highest and therefore
these species are more vulnerable.
Cystoseira spp. have k-strategy traits, are stenoecious and are differently sensitive to
anthropogenic disturbances (Ballesteros et al., 2009). According to the different sensitivity to
environmental variability, some of the shallowest species have been selected as biological
indicators of environment quality in the frame of the Water Framework Directive (WFD,
2000/60/EC; Panayotidis et al., 1999; Buia et al. 2007; Pinedo et al., 2007). For this reason, they
are useful tools to monitor the ecosystem health and hence the water quality (Arevalo et al., 2007;
Ballesteros et al., 2007; Panayotidis et al., 2004; Asnaghi et al., 2009; Nikolic et al., 2013; Pinedo
et al., 2007; Mangialajo et al., 2007). Pinedo et al., (2015) pointed out that C. mediterranea seems
to be adapted to extremely low dissolved nitrates in seawater, being unable to resist to levels
higher than 20 µmol/l of N.
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In the last decades, the species of this group are experiencing substantial decline and
progressive disappearance in various areas of the Mediterranean basin (Aysel et al., 1990;
Cormaci & Furnari, 1999; Panayotidis et al., 1999; Thibaut et al., 2005, 2015a,b). This problem
has been reported especially for the species thriving in the belt of upper infralittoral zone and in
rock-pools, probably because they are easily monitored and because the coastal fringe is the most
threatened. Among human pressures responsible for such decline, the increasing coastline
urbanization, which destroys natural habitats and changes environmental characteristics
(substrate, hydro-dynamism, loads of sediments, nutrients and chemical pollutants), is the most
important stressor which could cause the regression of this algal group (Panayotidis et al., 2004).
Loss of subtidal Cystoseira has also been ascribed to the outbreak of herbivores (Verlaque, 1984;
Thibaut et al., 2005). Other potential threats could be agriculture, mussels farming and the
sampling effort caused by scientific research, this latter in some cases underestimated up to now.
Even for deep stands the trend is critical, despite much less information is available: an
almost nil recruitment after 10 years has been reported in some Spanish regions for some species
(Ballesteros et al., 2009). This result highlights the vulnerability of deep species, usually
characterized by very slow growth rates (i.e. the mean growth rate of the main axis of C.
zosteroides is about 0.5 cm/year) (Ballesteros et al., 2009). For all these reasons, some of them
such as C. amentacea, C. mediterranea, C. sedoides, C. spinosa and C. zosteroides have been
considered protected species and listed in the European Conventions (Barcelona Convention
1976, 1995; Bern Convention 1979; Council of Europe 1979) but without true protection actions.
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1.3.2 Sargassum spp.
Sargassum genus is represented by perennial (more rarely annual), large canopy-forming
macro-algae. It is widespread and widely known genus because of its massive free-floating
growth in the Sargasso Sea. This genus includes 353 accepted taxa with a great morphological
variability, extensive geographic and depth distribution (from shallow to deep waters on reefs of
temperate and tropical oceans). The origin of the name is not certain: it could derive from the
Latin 'Salicastrum', a wild vine found in willow-thickets (Salix sp.) or it could derive from the
Portuguese name 'sargaço', for the resemblance with the terrestrial sargaça rockrose
(Helianthemum spp.) (Sumayaa & Kavitha, 2015).
Despite the high number of species worldwide, in the Mediterranean Sea there are only 8
native species (plus the introduced S. muticum) and all are benthic forms. They are considered
large canopy-forming species providing shelter, food and nursery for a wide range of associated
species (Thibaut et al., 2016a). They can reach 10-200 cm in length. The plants are attached to the
substratum by a basal disc; the main axis is usually cylindrical, foliaceus branches have a midrib
with smoot or toothed margins and aerocystis are sub-spherical or ovoid, pedicellate, sometimes
apiculate.
Plants are monoecious or dioecious and, in the formers, receptacles and conceptacles are
unisexual or hermaphrodite. Receptacles are axillary, generally branched, cylindrical or
compressed, smoot, rugged or with spines, often on a sterile pedicel, grouped in more complex
reproductive structures (Figure 11). The aerocystis allows the standing position and the dispersion
far from the mother plant (Figure 12). This genus is taxonomically complex because of its great
phenological and ecological variability (Gomez-Garreta et al., 2001).
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Figure 11: Receptacles and diplontic life cycle of Sargassum spp. (A, from Gomez-Garreta et al., 2001; B,
http://seagrant.umaine.edu/files/SargassumManual_070914.pdf)

Most of the studies on the decline of fucoids have been focused on Cystoseira, and
Sargassum status has been poorly considered. In the survey along almost 3000 km of NorthWestern Mediterranean coasts, Thibaut et al. (2016a) reported that several species were reported in
the past, but now S. vulgare seems to be the most common. The increase in water turbidity,
trawling and fishing nets are probably responsible for the regression of the deep populations of S.
hornschuchii and S. acinarium. On the opposite, overgrazing by sea urchins and salema fish (Sarpa
salpa), and coastal development are probably responsible for the decline of shallow (between few
and 15-20 m of depth) populations. Despite these results, Mediterranean species of this genus (such
as S. acinarium and S. hornschuchii) are surprisingly still lacking of any proper protection status,
and are not included in the IUCN Red List.
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Figure 12: Detached specimen of Sargassum vulgare at Torregaveta (Naples) drifted by current and
surrounded by plastic and organic garbage, after an impressive meteorological event followed by intense
raining.

1.3.3 Current knowledge on these species in the Mediterranean basin

In the Figure 13 the theoretical zonation of the most cited species of Cystoseira and
Sargassum in the literature for the Mediterranean Sea according to Cormaci & Furnari (2012) is
reported.
Unfortunately the current knowledge on the fucoids distribution in our basin is not
homogeneous and most of the data regards mainly shallow species.

Along the Spanish coasts, the most recent records of upper sublittoral fringe are referred to
Ballesteros et al. (2007) and Mariani et al. (2014). Ballesteros et al. (2007) performed an index
(CARLIT, CARtography of LITtoral rocky-shore communities) based on the different sensitivity of
Cystoseira species in order to evaluate the ecological status of water bodies and Mariani et al.
(2014) implemented a Geographic Information System (GIS) based mapping of littoral habitats. In
the frame of these researches, they mapped the distribution of the upper sublittoral zone. A
bionomic cartography of the subtidal populations has been drawn for Montgri (Spain) (Hereu et al.,
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2010). It is worth to note that from the regions of Catalunya and Columbretes (Spain), Port Cros
and Scandola (France) the knowledge on the growth dynamics and community structures of the
deep Cystoseira species has been achieved (Ballesteros et al., 1998, 2009; Capdevila et al., 2015,
2016).
One of the most studied area in the NW Mediterranean is represented by the French coast
(Alberes, French Riviera, Provence and Corsica) thanks to the long phycological tradition of this
country and to the several historical herbaria still preserved (see Thibaut et al., 2015a and
references therein). The recent comparison of historical data with those obtained in the 2007-2013
campaign highlighted that in this area the decline is real but not conspicuous; however probably 5
species have to be considered locally extinct and others as functionally extinct.
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Figure 13: Fucales zonation scheme in Mediterranean Sea

As concerns the East Mediterranean, recent data for the Greek coasts are mainly related to
the application of environmental quality indexes, according to the Water Framework Directive
(WFD, 2000; Orfanidis et al., 2011; Giakoumi et al., 2012; Nikolic et al., 2013). In addition deep
species never recorded in the past were currently monitored (Tsiamis et al., 2016).
Along North-East Adriatic countries (Slovenia and Croatia) no differences in the number of
fucoids between current and historical data were found, even if a previous disappearance of
Cystoseira and Sargassum stands was observed (Ercegovic, 1952; Turk & Vukovic, 1994;
Orlando-Bonaca et al., 2008, Orlando-Bonaca & Mavric, 2014; Antolic et al., 2010; Ivesa et al.,
2016, Bulleri et al., 2016).
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As concerns the Italian coasts, the algal assemblages of rocky shores have been studied
since long time, but data on their temporal dynamics are few and not contemporaneous. Along the
Adriatic coasts Falace et al., (2010) highlighted a reduction both in richness and abundance for
Cystoseira and Sargassum spp. and in the last decade also for the endemic Fucus virsoides that was
in the past widespread in the intertidal zones (Rindi & Battelli, 2005; Battelli, 2016). Recent
observations on the benthic algal flora of the area of Ancona (Central Adriatic Sea) seem to
confirm the decline of Cystoseira spp. (Falace et al. 2010; Rindi et al., 2016).
Similar decreasing trends are occurring along the coasts of the Tyrrhenian (Benedetti
Cecchi et al., 2001; Pardi et al., 2000) and Ligurian Sea (Mangialajo et al., 2008, 2012). As
concerns middle and south Adriatic sea, a decline in fucoids stands and richness has been recorded
by several authors since 2000 (Falace et al., 2010 and references therein; Fraschetti et al., 2012).
Cormaci and Furnari (2012) recorded C. squarrosa along the coasts of Sardinia; it represents the
first record of this species from the NW Mediterranean Sea after De Notaris’s description in 1κ41.
Even if many reports of Cystoseira are available for this island as well as for others (Sales et al.,
2012), they are only spots and based on these data it is not possible to detect any change in their
distribution. The first maps are those performed for the MPA Capo Carbonara and Tavolara-Punta
Coda Cavallo (Ferrigno et al., 2014; Gianni & Mangialajo, 2016).
Finally, another area of the basin in which historical data go back to 19th century is the
Gulf of Naples. A first attempt to measure historical changes in fucoids diversity (Buia et al.,
2013a) has suggested a dramatic decrease in the distribution of Cystoseira in the upper sub littoral
zones and at the same time has highlighted the lack of information on their up to date extension and
the lack of data on deep species. In addition, in the frame of researches conducted on the effect of
acidification, some results (Porzio et al., 2011; Kumar, 2015) seem to testify that in particular pH
conditions Fucales, as well as other fleshy macroalgae, have the potential to overcame the negative
effects of a change in the chemical composition of the sea water and sustain themselves in the
future acidified ocean.
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Among threats to marine belts and forests responsible of their decline, a relevant role has
been attributed to the herbivory pressure. Species feeding on Cystoseira and Sargassum are mostly
sea urchins and salema fish (Sarpa salpa) even if few other species can be considered.
Sea urchins are reported to completely remove dense population of erect macroalgae when
they reach high density (from 7 to 20 individuals per square meter) with a 'bulldozing effect' and
causing barren grounds (Verlaque, 1984; Orlando-Bonaca & Mavric, 2014).
In the last 25 years, Sarpa salpa (a Sparidae fish with a very low economic value, Figure
14) has attracted research interest because of its role as macro-grazer (Verlaque, 1984; Velimirov,
1984; Havelange et al., 1997; Jadot et al., 2000, 2002). According to Verges et al. (2009), these
species are able to selectively graze different Cystoseira species. It is possible that the overfishing
of large top predators lead to cascading effects in the food web, Unfortunately no information on
historical change in abundance of salema fish are available but these fishes actually have no
predators after their recruitment period (Valls et al., 2012; Prato et al., 2013) and recent studies
proved that salemas grazing can highly affect Cystoseira forests, decreasing the biomass of more

Figure 14: Unusual selling of salema fish (Sarpa salpa) in Naples, Porta Nolana fish market

than 80% and the reproductive potential of more than 97 % (Gianni F. pers. comm.).
Other organisms have been reported to play a role interfering with the normal life cycle of
these brown algae; they are gastropods belonging to the genus Patella (Benedetti-Cecchi et al,
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2001). Probably they feed on the microscopic propagules of algae, limiting their spread and
settlement in highly grazed habitats.
Mussels (Mytilus galloprovincialis) and introduced algal species (Caulerpa cylindracea,
Asparagopsis spp., Acrothamnion preissi and Womersleyella setacea) can interact with Fucales
recruitment. The first two species can be competitors for the space, in particular conditions of
nutrient enrichment. The last two are likely to have a negative effect on Cystoseira as sediment
traps (their turf-like structure traps a layer of sediment that prevents the attachment of the zygotes
to the substratum).
Alien consumer species can affect fucoid distribution. The tropical herbivorous rabbit
fishes Siganus spp. already make up a substantial proportion of fish abundance in some areas
(between 5% and 45%; Harmelin-Vivien et al., 2005) and they are advancing westward, from
Linosa (Italy; Azzurro & Andaloro, 2004) to the French Mediterranean coasts (Daniel et al., 2009).
Percnon gibbesi a strictly herbivorous species, a characteristic not shared with any other largesized infralittoral Mediterranean crab (Puccio et al., 2006). It is an Atlantic introduced species with
an exuberant progress in our basin (Deudero et al., 2005); it is possible that this species could
actively graze zygotes and propagules of the shallow fringe of Fucales where there is no
competition with other Mediterranean crabs, such as Pachygrapsus marmoratus and Eriphia
verrucosa that have a slightly different bathymetric habitat distribution.
The consumption by grazers seems to depend on the different palatability of the food item.
The species belonging to the Fucales order, account for over a third of chemical compounds known
among Phaeophyceae taxa; i.e. in Cystoseira genus more than 100 chemical structures have been
reported (Amico, 1995; Blunt et al., 2005) with different and interesting properties and activities
(de Los Reyes et al. 2013; Sellimi et al. 2014; Mhadhebi et al. 2014). Usually, these highly
diversified secondary metabolites play relevant ecological roles as protection against microbial
infection, metal ion chelation and UV radiation, as well as antibiotic and antimycotic action.
Moreover, other non-constitutive metabolites can be produced in response to an herbivore attack
(wound activated compounds) (Maibam et al., 2014).
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Cystoseira and Sargassum spp. are probably experiencing a sad common fate. In many
areas the effect of different and combined threats resulted in their replacement by other morphofunctional algal species, with a progressive decreasing of the habitat structure and function of algal
morphology and biomass. Dictyotales and Sphacelariales are generally among the first to colonize
empty space followed by little and filamentous ephemeral algae, as some articulated corallines; the
last step is the barren ground. The result is the erosion of biodiversity and the homogenisation of
habitats with a decrease in three dimensional fractal heterogeneity, biodiversity, shelter and
biomass (Figure 15).

Figure 15: Consequences of Fucales loss and the resulting habitat shift (from Thriet et al., 2016, modified)

Few signals of Fucales recovery after decline have been observed both in Mediterranean
Sea (Munda, 2000; Navarro et al., 2011, Fraschetti et al., 2012) and in Atlantic Ocean (Diez et al.,
2009, Araujo et al., 2012) but the fate are strictly related to the control and management of the
stressors that drove the loss. Recent meta-analyses (Strain et al., 2014), dealing on roles of stressors
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involved in the global loss of canopy-forming to mat-forming algae, showed that nutrient
enrichment in particular interacts synergistically with a variety of other stressors, amplifying the
negative effects on the decline of canopy-forming species (Strain et al., 2014) (Figure 16).

Figure 16: Results of meta-analysis on the effects of local anthropogenic stressors combined with other
stressors on the growth of canopy forming algae (Stressor A=first listed stressor, Stressor B=second listed
stressor; A+B=predicted effect of the interaction, AXB=actual effect of the interaction; –S =a negative
synergistic effect; +S= a positive synergistic effect; -A=an additive negative effect; +A= a positive additive
effects; from Strain et al., 2014, modified)

However, a meta-analysis focused on the effect of different stressors on Mediterranean
Fucales was impossible to perform at the current state, due to paucity of studies related in literature.
Further investigations to fill this lack of knowledge in future are needed.
Global stressors are not manageable locally, but have local impacts and may indirectly
affect local stressors. Many stressors are threats for macro-algal diversity (at population and
community levels), with huge impacts on coastal ecosystems. Some stressors may have direct and
indirect impacts (e.g., habitat modifications can alter hydrodynamic conditions leading to an
increased sedimentation, climate change can increase grazing pressure) (Mineur et al., 2015)
(Figure 17).
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Figure 17: Global and local stressors affecting seaweeds (Mineur et al., 2015).

Strain et al. (2015) and Mineur et al. (2015) concluded that the management of nutrient
enrichment would greatly increase the resilience of fucoid algae to climatic stressors, in particular
to the increasing temperature.
Moreover, management and control actions on local stressors are undertaken differently in the
different countries of the Mediterranean Sea and without a central and common ‘Mediterranean
legislation’, despite many supra-national initiatives (Marine Spatial Planning, Marine Strategy
Framework Directive, Integrated Coastal Zone Management).
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1.4 Research aims and objectives
One of the main issues when dealing with fucalean species is the lack of current data, along
with the lack of updated local information that can be a powerful evidence for decline detection and
a useful tool for coastal management policy of conservation and restoration. Despite the decline
process has been in place for a long time and well documented in many regions, the global
awareness on that issue has actually increased only in recent years, with a shared interest among
many researchers and a convergence into integrated research projects. Especially for deep species,
detailed information is absent for most of the Mediterranean basin, with some exceptions (Thibaut
et al., 2005; Ballesteros et al., 1998; Capdevila et al., 2016). Therefore, a proper assessment of their
current status is missing.
This means also that a reference point for the assessment of historical changes for current and
future research is still lacking in many regions. The risk to lose Mediterranean shallow belts and
deep forests (with their related ecosystem good and services) before having the complete awareness
of their existence and before developing proper conservation strategies is high.
A preliminary work conducted in the Gulf of Naples by Buia et al. (2013a) highlighted a
decline in the richness of shallow species in the Gulf of Naples in the time period 19 th-21st century
and the urgent need to map their distribution in order to define their current status, detect the main
local stressors and manage their conservation.
The main questions addressed in the present PhD project were:
Has the Fucales diversity changed in time in the Gulf of Naples? If yes, is the decline comparable
between shallow and deep stands?
-

Which are the current local stressors in the gulf? For which of them is possible to detect
historical changes?

-

Are there any relationships between pressures and impacts? Can we relate the
decline/persistence of some species to some local putative stressors?
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Different approaches were followed in this study: revision of the literature, survey of vouchers
held in the SZN herbaria, queries to other Italian herbarium curators and citizens in the framework
of a citizen science project, field surveys, mapping, field and lab experiments and chemical
analysis.

The thesis has been divided into the following chapters with specific objectives:

Chapter 1. General introduction
Chapter 2. Identification of pressures and their impacts on vegetated coastal systems in the Gulf of
Naples
Chapter 3. Historical changes of Fucales in the Gulf of Naples
Chapter 4. Current distribution of Fucales in the Gulf of Naples and an evaluation of putative
causes of decline
Chapter 5. A quantitative assessment of Cystoseira populations around the island of Ischia: a
baseline to detect long term changes in their dynamics
Chapter 6. Top-down pressures
Chapter 7. General conclusions discussions and future directions
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2. Identification of pressures and their impacts
on vegetated coastal systems in the
Gulf of Naples
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2.1 Introduction
The increase of human population and activity worldwide is leading to a huge deterioration
of coastal habitats with massive impacts on marine biodiversity and ecosystems. Historical and
current pressures from multiple uses and stressors have threated the Mediterranean basin that has
been defined as a sea ‘under siege’ (Lejeusne et al., 2010; The Mermex group: Durrieu de Madron
et al., 2011). Micheli et al. (2013) elaborated a map of the widespread stressors and more than 50%
of the Mediterranean basin resulted subject to a medium cumulative impact. When the basin has
been analysed by ecoregions, the western Mediterranean recorded the lowest average cumulative
impact although local areas of high impact exist. The identification of local scale pressures and
impacts is fundamental for the implementation of a successful Marine Spatial Planning.
Besides its natural peculiarities, the region of Campania and the Gulf of Naples in
particular, is subject to an intense anthropic pressure, determining a strong impact on the marine
ecosystem. Along its coastline, human activities range from dense urban settlements to industrial
areas located on the coast and intense maritime traffic. Moreover, the land runoff of polluted rivers
can influence the physical, chemical and biological quality of the coastal waters. At the same time,
the area is also an internationally renowned touristic location, not only for its historical and
environmental attractions, but also for bathing and leisure activities from spring through fall.
Consequently, the maintenance and improvement of the environmental quality of the region is a
major issue not only for the welfare of the entire ecosystem, but also for social and economic
reasons.
Among the most threatened habitats, those formed by benthic habitat former plants are of
great interest. In the last decades, the species of this group are experiencing substantial decline and
progressive disappearance in various areas of the Mediterranean basin (Aysel et al., 1990; Cormaci
& Furnari, 1999; Panayiotis et al., 1999; Thibaut et al., 2005, 2015a,b; 2016a; Chapter 1 of this
thesis). This problem has been reported especially for those species settled in shallow waters.
Among human pressures responsible for such decline, the increasing coastline urbanization, which
destroys natural habitats and changes environmental characteristics (nature of the substrate, hydro33
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dynamism, load of sediments, nutrients and chemical pollutants), seems to be the most important
stressor (Airoldi & Beck, 2007). Loss of subtidal Cystoseira has also been ascribed to the outbreak
of herbivores (Verlaque, 1984; Thibaut et al., 2005). Other potential threats could be maritime
traffic, overfishing, mussels farming and agriculture (Thibaut et al., 2005).
The aim of this chapter was to make a review on the main characteristics of the Gulf of
Naples describing its benthic vegetated systems and discussing the most important pressures and
impacts affecting them. Scientific outputs present in literature have been evaluated and, when it
was possible, some gaps were filled by new analysis.
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2.2 General features of the Gulf of Naples
2.2.1 Geographical, geological and oceanographic aspects

The Gulf of Naples (Campania region) is located in the south western coasts of Italy in the
central Mediterranean Sea (Figure 18). It is delimited on the north by Monte di Procida and on the
south by Punta Campanella and it includes the islands of Ischia, Procida, Vivara and Capri (De
Maio et al., 1979; Uttieri et al., 2011). It is 870 km² wide and 250 km long with an average depth of
170 m (Carrada et al., 1980). The seabed topography is very complex with two main submarine
canyons (Magnaghi and Dohrn) at more than 800 m depth and a continental shelf extending
between 2.5 and 20 km (Figure 19).
The gulf originated from two extensional events occurred in Pleistocene: the first one
shaped the formation of a depression that is parallel to the Piana Campana along NE-SE direction,
the second one set up on a NE-SO fault system, generating the current Gulf of Naples and many
asymmetric structures such as the semi-graben, charactering all the Campanian margin. Of great
interest is the anti-Apennine fault that from the Dohrn canyon extends to Banco di Fuori. This fault
separates the east sector from the west one, respectively composed by sedimentary and volcanic
units, related to Phlegrean fields and Ischia and Procida (Fusi et al., 1991).
The seafloor has an abrupt change between north and south side. The northern sector has
irregular ground and it is etched by canyons and banks (mainly remains of volcanic structures) of
great ecological interest. The southern side is mainly composed by fine sediments (mud) sloping
very gently below to 200 metres and with the unique relevant rocky bank of ‘Banco di Santa
Croce’.
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Figure 18: Localization of the study area (Menna, 2007)

Figure 19: Topography of the bottom (D’Argenio et al., 2004)
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The Sorrento peninsula and Capri Island have limestone geology (neritic and platform limestone,
turbiditicous) of Cretaceus and Jurassic period, while the north west side of the gulf has volcanic
origin (lavas, pyroclastites) of Quaternarian cycle (Figure 20).

Figure 20: Geology of study area (from http://www.isprambiente.gov.it/Media/carg/campania.html,
modified)

Ocean circulation is strongly influenced by local factors, such as wind intensity and
direction. During winter and summer dominant winds come from NE and SW, in spring and
autumn from NNE and SSW (Menna et al. 2007) (Figure 21).

37

Chapter 2

knots

A

B

Figure 21: Annual mean wind speed at 25 m at sea level (A); Wind rose diagram of Naples station (B)
(http://atlanteeolico.rse-web.it/index-en.phtml)

Notwithstanding the Tyrrhenian circulation of mid low zone are north-west directed, the
Gulf of Naples and surrounding areas are interested by a weak and superficial south-eastward
current. This is due to the dominant winds from the I and IV quadrant. This phenomenon leads also
to an upwelling of deep waters from ‘Bocca Grande’ that affects the southern coasts of Phlegrean
Islands. The exchange of water mass between the coast and the open sea is possible by the channels
between Ischia and Capri (‘Bocca Grande’, Big Mouth) and between Capri and Punta Campanella
(Bocca Piccola, ‘Little Mouth’) (Grieco et al., 2005). These mouths have respectively a threshold
of 600-800 m and of 74 m depth. On the opposite, channels between Procida and mainland, and
that between Procida and Ischia have shallower threshold (14 m and 12 m). A canyon, called Dohrn
Canyon but known by fishermen as ‘Ammontatura canyon’, has important implications for the
upwelling of deep waters relatively close to Posillipo coastline (Carrada et al., 1980).
The Gulf of Naples can be considered a semi-closed basin and with high trophic
conditions. In particular, the Sarno River, with the anthropogenic releases, contributes to this
trophic enrichment. This river (24 km long) is considered the most polluted river in Europe
(Arienzo et al., 2001; De Pippo et al., 2006; Albanese et al., 2013) with uncontrolled outflow of
domestic, agricultural and industrial untreated effluents). The river became very polluted since 20 th
century when several types of wastes from urban agglomerates, agriculture and industries
(pesticides, leather and tomato resulting compounds) were directly discharged. Sometimes the
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river turns red because of the tomato production waste of the famous San Marzano tomatoes,
nicknaming the river as ‘Rio Tomato’.
Although the mouth of Volturno River (another polluted River) is located in the bordering
Gulf of Gaeta, its episodic emissions (mainly in spring-summer time) determine the formation of
filamentous aggregates developing in the north side of the Campania regions for many kilometres.
In that sense the influence of this river in the north side of the gulf is likely to be very important
(Iermano et al., 2012).

2.2.2 Habitats and species diversity

The environmental quality of marine ecosystem has been directly influenced by the last
hundreds of year of human activities (touristic, commercial and industrial) and the water masses
have hydrographic and biological properties reflecting these anthropogenic stresses (Ribera
d’Alcalà et al., 1989; Carrada et al., 1980; Zingone et al., 1990, 2010).
The complex geomorphology of the area along with natural and anthropic processes
resulted in a highly diversified series of habitats and biocenosis, with a high biodiversity. The most
important biocenoses (Bellan-Santini et al., 2002) are present; photophilous algae (AP), superficial
muddy sands in sheltered waters (SVMC), Posidonia oceanica meadows (HP) and other
seagrasses, coarse sands and fine gravels under the influence of bottom currents (SGCF),
coralligenous (C), and semi-dark caves (GSO) are included (Russo et al., 2008; Simeone et al.,
2016a,b). In particular, seagrasses dominate the north-western bottoms of the gulf and all around
the islands; the south-west floor is characterized by different slope and very deep cliffs and hosts
numerous caves with rare and peculiar species (biocenosis of dark caves, SGO).
Founded by the Italian Ministry of the Environment Land and Sea, a program
aimed to establish the extension of the marine habitats indicated by the European Community
Habitat (92/43/CEE) and according to Natura 2000 was performed and Sites of Community Interest
(SCI) were identified (Gambi et al., 2009; Cigliano et al., 2009). 7 transitional and 4 marine areas
were highlighted; in particular the marine areas are coincident with Marine Protected Areas (MPA).
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They are: ‘Regno di Nettuno’ (Ischia, Procida and Vivara) (Gambi et al, 2003b), ‘Parco Sommerso
di Baia’, ‘Parco Sommerso di Gaiola’ and ‘Punta Campanella’. A Protected Biologica Area (Zona a
Tutela Biologica, ZTB) has been established too; it is ‘Banco di Santa Croce’, also called as ‘Secca
di Vico Equense (Zupo & Buia, 2000) (Figure 22). Main features of these protected areas are
summarized in Table 2. Although Capri was initially included in the feasibility study of the ‘Regno
di Nettuno’ MPA (Russo & Ribera 2001), no protection measures were taken afterward.
In some of the MPAs of the Gulf of Naples, management actions are poorly documented
and enforcement is ineffective. The most striking case is the Regno di Nettuno MPA (Ischia,
Vivara). After the establishment in 2007, no real management actions have been performed so far,
so the current situation is that only a designation exists. Baia and Gaiola are protected at least from
an archaeological point of view, but illegal fishing activities are anyway frequent, especially in
Baia. In Gaiola there is a bigger enforcement due to the small surface and vicinity of the MPA
office and harbours, but only in recent times MPA management plans have been started to be taken
into account and illegal harvesting of mussels, sea urchins and illegal spearfishing (often with air
tanks) are still performed. Punta Campanella resulted as the most properly MPA managed in the
gulf despite its high extension and the still very common illegal fishery, especially date mussel
harvesting.
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Table 2: Marine parks in the study area

Name

Location

Cover
(ha)

A
Establishment Enforcement
zone
(year)
Level
(ha)

Reserve
Effect

Web Site

Reference

Regno di
Nettuno

Ischia and
Vivara

11,256

200

2007

none

not available

www.nettunoamp.org/

D.M.
27/12/2007 D.M. 88 del
10/04/2008
D.M.
30/07/2009

Parco
Sommerso
di Baia

archaeological
underwater
ruins of Baia

177

21

2002

none/very
low

not available

www.parcoarcheologico
sommersodibaia.it/

D.I.
7.08.2002

Parco
Sommerso
di Gaiola

Gaiola Island,
Trentaremi,
Banco
Cavallara
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2002

relatively
high

not available

www.areamarinaprotettagaiola.it

D.I. 7/8/2002

Banco
Santa
Croce

submerged
banks

300 ha
(0,3%)

na

1993

good

not available

http://www.biomareweb.org/3.4.html

Decreto
MIPAF
15/06/1993

Punta
Campanella

Promontory
of Sorrento
and Amalfi
peninsula.
(Naples Salerno )

1,539

181

1997

good

(Fraschetti et
al. 2005;
Guidetti et al.
2008)

www.puntacampanella.org

D.M.
2/12/1997
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B

A
C

D

E

Figure 22: Zonation of the 4 MPAs in the study area: ‘Regno di Nettuno’ (A), ‘Parco sommerso di Baia’ (B),
‘Punta Campanella’ (C), ‘Parco Sommerso di Gaiola’ (D), ‘Banco di Santa Croce (E)
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2.2.3 Benthic marine flora

Marine flora of the Gulf of Naples was deeply investigated since the foundation of the
Stazione Zoologica di Napoli (SZN), in 1872. Reinke, Falkenberg, Solms-Laubach, Bertold,
Valiante and Funk have been the first botanists that substantially contributed to the botanical
knowledge of this area, a reference point for many researchers all around the world (Soria & Buia,
2008). They significantly gathered important knowledge on the seaweed biology and lead to the
compilation of monographs published in the series “Fauna und Flora des Golfes von Neapel und
der angrenzenden Meeres-Abschnitte”. Some pictures are actually unrivalled today (Valiante,
1883). The greatest contribution to the study of marine botany of the Gulf of Naples was given by
the German botanist Georg Valentine Funk (1927, 1955) that studied at the SZN over almost 50
years. After Funk’s death, in 1958, a noticeable lack in phycological research was registered until
the beginning of the seventies, when the research line was mainly focused on the biology and
ecology of single species. However, relevant information testifying the first changes in the floristic
richness of the gulf came from Bacci et al. (1972) and from Carrada et al. (1974). The latter
authors, in the frame of a research on the coastal eutrophication from Portici to Pozzuoli, found an
increase of nitrophilic species in comparison to Funk’s observations (1927); this algal increase
corresponded to high concentrations of nitrites, nitrates, and phosphates in the water. Bacci et al.
(1972) listed some invertebrates and macrophytes disappeared in comparison with those previously
observed by Funk (1955) (Table 3).

Table 3: List of macrophytes disappeared in some sectors of the gulf according to Bacci et al. (1972)

S.Lucia and Castel dell’Ovo (C)

Acetabularia acetabulum and coralline assemblages at 15 m depth

Posillipo Coastline (C)

Caulerpa prolifera

Posillipo (Cinito) (C)

Caulerpa prolifera and Posidonia oceanica; only few shoots occur

Pozzuoli Gulf (B)

Posidonia oceanica

In the last decades, driven by the Water Framework Directive, in the frame of researches
on adaptive responses of species and communities to natural environmental variability and
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anthropic pressures (including climate change) the interest on brown algae raised (Soria, 2008;
Porzio, 2011, Porzio, 2013; Chiarore et al., 2013, Kumar, 2015).
A first review of Neapolitan algal flora from 1878 to 2008 was done by Soria (2008, 2009).
After nomenclatural updates, Soria (2008) reported 561 species: 381 Rhodophyta, 110 Ochrophyta
and 73 Chlorophyta, representing respectively the 68, 19, and 13 % of the total amount of species
(Figure 23). The comparison with the richness of Italian marine macrobenthos (Furnari et al., 2003,
Furnari, 2010) highlighted the importance to protect the high alga diversity of this area (Figure 24).

Figure 23: Number of species recorded in the Gulf of Naples in the time lag 1878-2007 (bar colours indicate
different algological groups) (from Soria 2008, modified)
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Figure 24: Total number of algal species according to different authors at local, regional and country levels
from 1878 to 2007

The comparison between floristic data available in the literature for the two periods ‘18601955’ and ‘1956-2007’, highlighted that about 132 taxa (ca. 24%) were recorded only in the first
period, while 126 species (approx. 22%) represented new records for the Gulf of Naples. Species
present only in the first period and species present only in the second period were assigned to
phytogeographic groups; in the last 60 years a decreasing trend of cold affinity species was evident
in contrast to an increase of cosmopolitan species (Buia et al., 2013a; Figure 25).

Figure 25: Temporal macroalgal richness in the Gulf of Naples according to their phytogeographic affinity.
(I= 1860-1955, II= 1956-2007; C=cold; W=warm; M=Mediterranean; Cs=cosmopolitan and subcosmopolitan) (Buia et al., 2013)

The lower percentage of cold affinity elements in the second period could reflect the
interaction between the ongoing climate change and the increasing of global trades, in particular
maritime transports (Flagella et al., 2006, 2007).
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Six macroalgal alien species are listed in the gulf; Caulerpa cylindracea (Buia et al.
2003b), Womersleyella setacea (Guala et al., 2006), Acrothamnion preissii (Ribera D'Alcalà &
Russo, 2001; Buia, 2005), Asparagopsis armata (Funk, 1955), Codium fragile (Cecere et al., 2014)
and Lophocladia lallemandi (Buia, pers.obs.) have been recorded. Asparagopsis armata and
Caulerpa cylindracea showed an invasive pattern. A maërl facies along Ischitan coast has been
described by Babbini et al. (2006) between 50 and 65 m. The species Phymatolithon calcareum and
Lithothamnion corallioides are both included in the Annex V Habitat Directive of European
Commission (CE) as species deserving protection.
In the Gulf of Naples there are 3 of the 5 seagrasses of Mediterranean Sea (Procaccini et
al., 2003): Posidonia oceanica (L) Delile, Cymodocea nodosa (Ucria) Aschers. and Zostera noltei
Hornemann. P. oceanica meadows were extensively studied, mainly around the island of Ischia
(Colantoni et al., 1982; Mazzella & Russo, 1989; Buia & Mazzella, 1991; Mazzella et al., 1992;
Zupo et al., 2006a,b) The highly variable environmental conditions and sea bottom topography of
the island have favoured the diversification of P. oceanica meadows in terms of physiognomy
(continuous and patchy beds), depth range (from 0 down to 38 m in depth), shoot density (from a
mean of 900 shoots/m2 at 1 m to 80 shoots/m2 at 30 m depth) and biodiversity of associated
communities (Buia et al., 2000, Procaccini et al., 2003; Gambi et al., 2003a and references therein).
Long-term studies carried out since 1979 at the permanent station of Lacco Ameno (part of the
international network LTER -Long Term Ecological Research) (Zingone & Buia, 2012) have
detected a progressive deterioration in the bed off Lacco Ameno, probably as a result of mechanic
pressures such as anchoring (not regulated), fishery and of a nearby wastewater outfall (Buia et al.,
2003a; Zupo et al., 2006 a,b and references therein).
Different is the status of Posidonia meadows in the vicinity of the metropolis. The
regression of the prairie in comparison with past data (Funk, 1927; Parenzan, 1956; Colantoni,
1982), detected by Buia (pers. obs.), has been currently confirmed (Simeone et al., 2016a,b) from
Posillipo to Nisida, where huge extensions of dead matte of Posidonia oceanica have been
recorded. On the opposite, even if there are no quantitative data, Posidonia meadows around the
island of Capri seem to be well preserved (Buia, pers. obs.).
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2.3 Main anthropic activities in the area and their
impacts
2.3.1 Coastal development and loss of habitats

The Mediterranean coast is one of the world’s leading holiday destinations and in some
countries coastal tourism represents up to 90% of all tourism; the annual crowd is projected to
increase to 235–350 million tourists by 2025 (UNEP/MAP, 2005). The development of
infrastructures to sustain tourism and commercial activities, added to the increasing coastline
urbanization and related coastal erosion, are the major anthropogenic pressure responsible for
physical alteration, habitat fragmentation and destruction of natural marine ecosystems (Lotze et
al., 2006; Halpern et al., 2008). The development of mitigation measures to respond to the problem
of coastal erosion have further led to various constructions, such as breakwaters, jetties, seawalls
and pilings, that have become ubiquitous features of intertidal and shallow zones, altering the
marine habitats (Airoldi & Beck, 2007; Vaselli et al., 2008; Bulleri & Chapman, 2010; Claudet &
Fraschetti, 2010). The Gulf of Naples was widely inhabited since the Roman era; the cities of
Cuma, Baia, Pozzuoli, Ercolano, Pompei and Stabia are compelling witness of the ancient
colonization as well as underwater ruins in the ‘Parco Sommerso di Baia and ‘Parco Sommerso di
Gaiola’ (Simeone & Russo, 2005; Bertini et al., 2015). The city of Naples has been historically on
the top regarding human presence. Since 17th century it was ranked at the second position in
Europe (after Paris) and at the fifth in the world. From about 600.000 inhabitants at the beginning
of 1900, after the World War II the area was populated by more than 1 million of persons; at
present time this value has been maintained while the metropolitan area reached 3 million of
residents (Figure 26) (Geoportale Nazionale, 2015).
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Figure 26: Resident population in the Gulf of Naples updated to 2001 (Geoportale Nazionale, 2015)

As a result, the land use cover (only expressed as artificial surfaces) shows the high urbanization
level of the area (Figure 27). It is worth to note that important factories (i.e. ITALSIDER,
Cementir) were built along the coast line together with about 30 ports and more than 300 maritime
constructions (www.difesa.suolo.regione.campania.it). In particular, only the harbour of Naples
covers an area of about 1,400,000 m2 and the ‘Angioino’ dock (for passengers ships) is the greatest
maritime station of the world covering an area of 12,000m2 (Flagella et al. 2006).
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Figure
27:
Land
use
cover
by
artificial
surfaces
in
the
Gulf
(http://www.pcn.minambiente.it/GN/accesso-ai-servizi/servizi-di-visualizzazione-wms)

of

Naples

In order to quantify the level of the coastal artificialization in different sectors of the study
area (the Gulf of Naples; this name indicate the whole study area), first of all I have divided it in
different sectors; they were: (A) Ischia, Procida and Vivara islands; B: Pozzuoli Bay; C: Bay of
Naples or Naples Bay; D: Sorrento peninsula; E: Capri Island (Figure 28).
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Figure 28: The five sectors in which the Gulf of Naples has been divided
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Later, I have evaluated the current coastal transformation of the gulf by using ortho-photos
selected from Google Earth. In particular, transects of 150 m long were selected and plotted along
the shoreline. For each transect the percentage of natural/artificial coastal extension has been
estimated and related to the total coastal length. Every kind of artificialization has been taken into
account: harbours, marinas, docks, breakwaters, jetties, seawalls and pilings.
Results attested an artificial costal development of about 34% of the total coastal length,
equivalent to 70 km coastline. The sector with the highest percentage of artificial coast was the Bay
of Naples while Capri had the lowest one (Table 4).
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Table 4: Evaluation of the percentage of natural/artificial coastal extension in the five sectors of the Gulf of
Naples per each side of sector, each group and total contribution of each sector to the total
percentage

Total
length
(m)

Natural Artificial Artificial Artificial
%
length
length
%
(per each
(m)
(m)
group)

North
East
South
West
North
East
South
West

10570
6895
13872
7160
2850
6601
3300
4177

5110
5405
13192
5085
1920
6029
2738
4117

5460
1490
680
2075
930
573
563
60

52
22
5
29
33
9
17
1

Vivara

3300

3296

4

0

6000

3803

2168

36

7950

6098

1853

23

8250

3645

4605

56

9150

2468

6713

Naples Bay (C)

57198

21105

Sorrento Pen. (D)

29161

Capri (E)

Ischia (A)

Procida (A)

Vivara (A)
Pozzuoli Bay (B)

Western
Miseno
Eastern
Miseno
Pozzuoli city
Pozzuoli ex
Italsider

TOTAL (km)

Artificial
%
(contribution
of each sector
to the total
percentage)

25

13
0

6

73

49

7.5

36093

63

63

24832

4329

15

15

26788

25746

1043

4

4

18
2
0.5

203.2

134.6

68.6

34%

Among the Phlegrean Islands (A), the northern side of Ischia recorded a massive
urbanization (52%) as well as the northern side of Procida (33%). Both these sides host the main
harbour and marinas. Changes are evident when pictures of the same sites but at different time are
compared. In the Figure 29 are reported old and current landscape photos of some zones of the
north side of Ischia where the coastal zone experienced a dramatic change.
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Figure 29: Old (1920-1930, on the left) and current (2015, on the right) shoreline landscapes of three sites on
the northern coast of the Ischia Island

In this sector A, Vivara, a private isle and registered as natural reserve, has no artificial
coast (Figure 30). Due to inheritance issue, the entrance to the isle is forbidden since 1999 to
everybody.
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Figure 30: Vivara Island and its connection to the Procida Island by a bridge, on the background the island of
Ischia (from www.napolilike.it)

Figure 31: Percentage of coastal transformations in different sectors of the Gulf of Naples (from Grech et al.,
2015b, modified). The thickness of coastline line represents the percentage of artificial coast development

About half of the coastal length of the Pozzuoli Bay is artificial (Sector B: 49%), mainly due to the
factories settlement in the 1960s (Albanese et al., 2013) on the eastside of the Bay for several
kilometres (Pozzuoli-city: 56% of artificial coast; Pozzuoli-Ex Italsider: 73% of artificial coast;
Figure 31). An evaluation of the total surface reclaimed from the seabed (surface of habitat loss)
has been computed for Ischia Island (Sector A) through satellite image analysis and it amounts to
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26.8 hectares; this surface corresponds to an area that has been artificialized mainly by the
deployment of emerged and submerged breakwaters (Figure 32) located in the north, north-east and
south side of the Ischia island.

Lacco
Ameno

Casamicciola
Ischia Porto

Ischia Ponte
Forio

Sant’Angelo

Maronti beach
Capo
Grosso

Figure 32: Dislocation of artificial structures around the Ischia Island

Another example of the temporal changes occurred along the coastline is Nisida (Figure 33); it was
an isle until 1938, but later, during the settlement of one of the largest steel factory, was connected
with the mainland. Moreover, in the Figure 34 another example of historical coastal changes is
reported: in front of the Stazione Zoologica at Naples the long sandy beach has been lost and
transformed in one of the main busy road of Naples, Via Caracciolo. These changes of the coastline
resulted in a huge habitat destruction and loss with the introduction of a novel habitat, different
from the previous one, with a different lithology and micro-spatial heterogeneity.
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It is worth noting that, although part of this artificialization was done with the purpose to
contrast beach erosion, the gulf is suffering a substantial erosional phenomenon of sandy beaches.
Phlegrean islands experienced in the last 40 years a sandy shores

loss between 65-50%,

corresponding to a surface of about 140,000 m2 (Zucco, 2003). The most famous case is the
Maronti beach (Ischia) (Gambi et al., 2005).
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Figure 33: Nisida, before 1936 (up) and current landscape (down) after the abandoned Italsider-Cementir
settlement (Giorgio Sommer’s picture)
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Figure 34: Coastal land transformation in Naples ('Napoli Retrò' social network group)

2.3.2 Sewage outfall

In coastal ecosystems, sewage water outfall is a very common source of disturbance with
documented structural and functional alteration of coastal marine ecosystems (Fraschetti et al.,
2006). Notwithstanding European directives such as the Marine Strategy Framework Directive
(MSFD) planned to achieve and maintain the ‘Good Environmental Status’ (GES) along European
coasts by 2020, the Italian control and efficiency of national sewages treatment is scanty In fact, as
it is evident in Table 5, in no Italian region the sewage network cover the whole administrative area
nor the quality of the treatment is high.
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Table 5: Percentage of sewage network cover and depuration treatment cover of the sewage outfalls in
different Italian regions (na = not available) (from Utilitas, 2009, modified)

Country
Piemonte
Lombardia
Liguria
Veneto
Friuli VG
Emilia R
Toscana
Umbria
Marche
Lazio
Abruzzo
Molise
Campania
Puglia
Basilicata
Calabria
Sicilia
Sardegna

Sewage
network
cover (%)
89.9
93.9
75
78.1
na
84.8
81.8
77.1
84
85.3
89.1
86.4
83.5
82.6
88.8
88.3
78.8
75

Depuration
treatment
cover (%)
82.5
77.8
74
78.7
na
78.7
62.7
78.2
69.9
74.1
72.6
84.5
67
na
74.7
74.5
53.9
68

Data from the Campania Regional Environmental Protection Agency (ARPAC) evidenced
a high number of non-authorized outfalls all along its coast. In 2004, only 76% sewage outfalls in
Naples compartment were authorized on 464 recorded. A sewerage system covered 83.5 % of the
region, but a high percentage of sewages reached the sea without any treatment (Table 5). An
overview on sewage systems and sewage depuration is depicted in Figure 35. Periodical ARPAC
inspections revealed that the main parameters for which legal limits are not observed are: toxicity
assay, nitrogen compounds, BOD5, COD, Total Tensioactives, Escherichia coli, Total Suspended
Solids. The area in which most frequently these sewage systems were not compliant is the eastern
part of the Sector C (Naples Bay). In conclusion for the year 2013 the depuration system of the
gulf has been classified as poorly efficient.
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Figure 35: Percentage of population covered by the sewage network (left) and percentage covered by
depuration service (right) in the Campania region (Adamo et al., 2009)
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However these data can be controversial if the differences between sewages outfall are not
explicit. In fact even if the percentage of banned coasts for the Campania region passed from 35%
in 1990 to 22% in 2008, testifying a less ‘pollution degree’, the high efficiency of sewage outfall
treatment (documented in Table 6) does not coincide with the statement of the east coast of Naples
as the most contaminated by faecal bacteria (total coliforms, faecal coliforms, faecal streptococci,
salmonellae and enteroviruses are included in the microbiological monitoring). It is evident that the
number of non-official sewage outfalls is huge and there is not a detailed monitoring.
Comparable consideration derives observing the bathing level for the Gulf of Naples
assigned by the Campania Regional Agency (Figure 36).
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Table 6: Percentage of sewage treatment system efficiency in some localities of the gulf for 2013 (Report
Programma Interventi Regione Campania, 2014)

Sector

Locality

Efficiency
(%)

Population (nr)

Density
(inh./km2)

C
C
C
C
C
C
C
D
D
D
D
D
E
E

Catellammare di Stabia

59.40

65,929

3,765

Pompei

0

25,397

2,046

Portici

98

55,537

12,287

Ercolano

0

53,972

2,748

Vico Equense

0

21,019

717

Torre Annunziata

63.75

42,868

5,848

Torre del Greco

95

86,793

2,831

Massa Lubrense

91

14,182

719

Meta

0

8,032

3,668

Piano di Sorrento

0

13,159

1,795

Sant'Agnello

0

9,102

2,225

Sorrento

50.96

16,724

1,684

Anacapri

98.3

6,926

1,084

Capri

95

7,224

1,82

Figure 36: Bathing level assigned by the ARPA (2014)

In fact, in the frame of researches conducted to elaborate the Feasibility Plan of the Regno
di Nettuno MPA, a section was devoted to describe some urbanistic and territorial features
regarding Ischia and Procida Islands (Zucco 2003). In particular, on the Ischia Island the sewage
systems does not cover totally the island but only the most urbanized areas and only the 10-15% of
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them are authorized by the Local Sanitary Agency (ASL). Ischia has 7 continuous untreated
discharge outfall through pipelines and 2 without a depuration system (Ischia and Sant'Angelo), but
with a very low efficiency. The building of a new depurative system of Ischia, started in 2003, has
not been completed yet. A comparable situation is present in Procida with 7 discharge pipelines
(Figure 37).

Figure 37: Official sewage outfall locations around the Phlegrean Islands (Zucco, 2003)

63

Chapter 2
In addition, in the past the solid waste was not properly managed: in Ischia for many years
a site in Zaro, near Punta Cornacchia, has been used as waste discharge, displayed by the coastal
erosion showing plastics/soil/building materials/glass and cables (pers. obs.). Also Procida had a
waste point located at Punta Solchiaro; there it is possible to find motorbikes, cables, scrap metals
into the seafloor. Currently, on both the islands the waste is transferred to the mainland.
In the Sector B, sewages were historically discharged for decades directly into the sea or
into the retrodunal lagoons (e.g. at Bacoli the Miseno lagoon). This area only in recent years has
been restored with the development of a pipeline reaching the Cuma water plant treatment.
It is worth of mention that in general historical occurrence of sewage treatment is really
difficult to reconstruct, but it was probably worse than the current one, as it results from Carrada et
al. (1974). They found a very high polluted water (Figure 38) in the two industrial areas of San
Giovanni a Teduccio (Bay of Naples - Sector C) and Bagnoli (Bay of Pozzuoli – Sector B) while in
the area close Posillipo (Sector C) the values were similar to those found far from the coast.
Analysing the algal assemblages and comparing current data with those recorded by Funk (1927)
40 years before, they assumed an increase of the pollution due to the dominance of nitrophilic
species (i.e. Pterocladiella capillacea Ulva rigida, Petalonia sp. and Lyngbia sp.
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Figure 38: Phosphates values recorded in 1970s in the Bays of Pozzuoli and Naples (values are expressed in
mg/l) (Carrada et al., 1974)
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2.3.3 Maritime traffic

The harbour of Naples covers an area of about 1,400,000m2 and has a linear extension of
11,500 m; the water mirror (2,792,550 m2) is deep between 11 and 15m. The harbour has 70
moorings for passenger and commercial trades and is multifunctional (shipyard, commercial,
cruise, passenger, crude oil) (Flagella et al., 2006). The ‘Angioino’ dock (for passenger ships) is the
greatest maritime station of the world covering an area of 12,000m2. The harbour contains 3
additional dry docks, 1 on land able to lodge ships up to 50 thousand tonnages of tons and 2
floating ones (Flagella et al., 2006).
In 2001, Flagella and collaborators calculated that the Neapolitan harbour received about 37,000
arrivals per year: 25,000 hydrofoils, 6000 passenger ships and 6000 commercial arrivals, with a
peak in August (Figure 39). As concerns the commercial traffic, the arrivals corresponded to a
mean of 15 ships per day.

Figure 39: Monthly commercial arrivals (%) in Naples Harbour (black bar) compared to Salerno Harbour
(white bars) (Flagella et al., 2006)

A more recent investigation has been conducted in 2011. Import was the main activity of
the harbour with 370 companies, 5200 employees and revenues of 516 million of euros per year
(Buia et al., 2013b). Other important harbours in the gulf are those of Pozzuoli (goods and
passengers), Torre Annunziata (goods) and Castellammare di Stabia (ship-building industry).
Recreational traffic, with number of mooring place per harbour and total number of
docking per year, is summarized in Figure 40.
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Figure 40: Total number of mooring places per harbour per year (A) and docking per year (B) (ARPAC,
2012)

These numbers have to be incremented by the huge amount of daily leisure boats freely
mooring outside the ports, in several sites along the coastline. Generally, leisure boats anchor in
sheltered places with low depth. According to that, many Capri seafloors far from harbours are
naturally preserved from anchoring, due to high depths close to the coastline. The reverse pattern,
due to the absence of bathymetric constrains, is observed in the Phlegrean Islands (A) and in the
area of Baia-Miseno (B). Unfortunately, there are no quantitative data for the study area; as a
general pattern when regulations are present, they are not observed (pers. obs.).
I gathered a rough estimation of anchoring pressure for the island of Ischia (Sector A) by
visualizing

pictures

obtained

by

public

webcams

(http://www.consorziomaronti.it/;

http://www.ilmeteo.it/webcam-mare/Barano+d%27Ischia) and by in situ personal assessment.
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During spring-summer time a mean of 100 boats per day moored in the Maronti Bay and reached
peaks of more than 400 boats/day in August (2014-2016). The frequency and preference were
regulated by dominant winds. Besides Maronti Bay, other crowded Bays were Lacco Ameno (more
than 100 boats in spring-summer period), San Montano, Chiaiolella and Corricella (Sector A). In
the framework of MedPAN project (Simeone et al., 2016a), an evaluation along the Posillipo coast
(C Sector) has been conducted. The highest mooring density has been recorded at Coroglio, Nisida
and Marechiaro (Figure 41).

Average flow

Number
of boats

Figure 41: Mooring density along the Posillipo coastline (Simeone et al., 2016a)
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As concerns the passenger traffic, the most important harbours are Ischia, Casamicciola
and

Procida

(Sector

A),

Capri

(Sector

E),

and

Sorrento

(Sector

D)

(http://www.capritourism.com/it/statistical-data). Ischia Island is the favourite destination for
touristic activities (Figure 42) with 4-6 millions of travellers per years and a peak (600,000) in
August (Osservatorio Turismo Campania, 2007).

Arrivals

Presences

Figure 42: Tourist fluxes (%) in the Neapolitan islands between August and September 2006
(http://www.ontit.it/opencms/export/sites/default/ont/it/documenti/archivio/files/ONT_2007-1101_00763.pdf)
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2.3.4 Fisheries and Aquaculture

Due to the paucity of peer reviewed publications, we used grey literature or internal reports
(unpublished data) to estimate the pressure and the putative impact of small fishery (fishing nets)
and trawling on benthic ecosystem (Casola et al., 2004; Carbonara et al., 2014; Simeone et al.,
2015b; Ferrigno et al., 2016). In addition, ichthyofauna of the Phlegran Islands (Sector A) has been
poorly studied, mainly related to P. oceanica seagrass system. The most extensive works are those
by Harmelin-Vivien & Francour (1992) and by Gambi et al. (2003a) in the framework of the MPA
institution, listing a total of 48 species. The Santa Croce bank (Sector C) was investigated by Zupo
& Buia (2000). A characterization of fish assemblages of the MPA Punta Campanella (Banco del
Vervece) (Sector D) is available in Balzano et al. (2005).
After the World War II, the world fishery activities, strongly rooted on traditions and
resistant to innovation, did giant leaps in the use of technology. As a matter of fact, there have been
more innovations in the last hundred years than in the previous twenty centuries (Ferretti, 2011).
Technical upgrading of the material from about 1950s (from natural, i.e. cotton to synthetic fibers,
i.e. polyamide) led to fishing with longer nets. Ancient vegetable fibers were suitable but they were
also putrescible and they had to be frequently treated; they every time had to be exposed to air in
order to avoid or delay the rotting process. This long practice obliged fishermen to a huge work for
drying, maintenance and anti-putrefaction treatments of their nets before fish expeditions (Ferretti,
2011). This lead to a number of fishing days per year relatively low. With the introduction of new
fishnet materials and in the 1960s the advent of fishing winches with the increase of motor power,
number of fishing days and impact into the seafloor increased dramatically.

Italy is a country with a high tradition of fishery. The Italian fishing fleet operating in the
Mediterranean is made up of 13,064 vessels with 28,724 fishermen. It is one of the most important
fleets in Europe, after Spain and England. The majority of the boats using gears (67%) belong to
the "small fishery" (or traditional or artisanal fishery), a very important compartment for the
Campania region (Unimar, 2010).
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The unique overall available data-source was the Feet Register of European Commission
(http://ec.europa.eu/fisheries/fleet/index.cfm). I queried the online database for the gulf (harbours
of Casamicciola, Forio, Ischia, Procida (Sector A), Baia, Monte di Procida (Sector B), Napoli,
Portici, Castellammare di Stabia, Torre Annunziata, Torre del Greco, Torregaveta, Vico Equense
(Sector C), Sorrento, Massa Lubrense, Meta di Sorrento, Piano di Sorrento (Sector D), Capri
(Sector E). The main fishery effort in term of number of vessels was recorded around the islands of
Ischia and Procida (Sector A; N=253); set long lines (LLS) and purse seines (PS) and gillnets
(GNS) are the main fishing gears used (Figure 43). Ischia fleet was the typical Tyrrhenian fishing
fleet, composed mainly (95%) by artisanal fishery. Procida fleet is a bit more diversified (Fleet
Register, 2012). They usually fish every day with no rest, but for bad wheatear conditions.
In the Sector B, 243 units are involved in total; dominant vessels are GNS and SLL, also
the number of PS is relevant. This is the sector in the gulf with the highest number of registered
vessels operating with gill nets.
In the Sector C, the most important gears are long lines, gill nets and bottom otter trawls
(OTB), the latter with the highest value (N=49).
A lower fishing pressure is recorded in the Sector D even if the three main gears used are
the same dominant in the sector A (same proportion of long lines, purse seines and gill nets).
The lowest pressure has been recorded for the island of Capri, with 35 fishing vessels: 2
boats mainly using gill nets, 25 long lines and 8 purse seines. For this sector, the distance from the
most important marinas of the gulf seemed to be responsible of the lowest fishing pressure,
probably mainly exerted by local fishermen.
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island, another recorded fishery activity is the deep red shrimps fishing with deep traps (Carbonara
et al., 2014), less impacting than trawling.

A

B

C
Figure 44: (A) A forbidden driftnet in the Forio harbour (Ischia Island) in 2007 (Photo credit Oceana
Campaign) and (B) a blast fishing residual (unexploded artisanal bomb) found in the sea floor, about 1990
(Virgilio Liguori). (C) The huge impact on benthic communities of date mussel harvesting, Vervece bank
(Marco Gargiulo)

Other information about fishery in the gulf is very scarce. Casola et al. (2004) gave a
characterization of the fishing fleet operating along the MPA Punta Campanella (Sector D). This
fleet is one of the biggest among 18 fleets operating in the marine reserves, with 66 boats equipped
mainly with trammel nets, gill nets and longlines. However, the institution of marine reserves in the
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gulf without any a priori stakeholders involvement has been negatively accepted by more than 60
% of the interviewed fishermen.
Additional impacting fishing activities have been recorded for the gulf. In particular,
fishing with bombs (Figure 44B) was an usual practice in Ischia since 1950th up to 15-20 years ago,
carried out especially on the south-east side (Punta Pisciazza) targeted to big schools of fishes.
Besides bombs, mussel harvesting is still now very common in all sectors, despite a very strict
legislation and the MPA institution. The impact on benthic communities is huge (Figure 44C),
affecting the persistence of several algal and invertebrate species (e.g. Codium bursa, Tricleocarpa
fragilis, Chondrosia reniformis, Hemimycale columella, Ircinia variabilis, Petrosia ficiformis,
Serpulorbis sp., Ciona intestinalis) (Bevilacqua et al., 2006) but no information is available on
fucalean species in this publication.
A spatial distribution of artisanal fishery pressure does not exist for the gulf. To overlap
this gap, I performed a query for the island of Ischia only, showing a map of the island with a
superimposed grid to fishermen. I asked them in which area and at which depth they usually fished.
In addition I integrated the data with my personal observations. A semi-quantitative map has been
elaborated, according to the fishing techniques (Figure 45). Traps and nets are the most common
gears used around the island between 0 and 50 meters, probably due to the occurrence of a dense
belt of Posidonia oceanica and its role of nursery for many fishes of economic relevance. The
pressure of traps and nets around the island is high almost everywhere, except locally, where the
occurrence of shallow rocks can be dangerous for the integrity of gears.
In literature, data on fishing traps are scant for the Gulf of Naples where it is a very
common gear, mainly to catch the cephalopod Octopus vulgaris. Around the island of Ischia, this
activity is widespread and non-stop deployed, with a very large number of traps per boat. These
fishermen spend most of the time standing and catching into the sea; they collect for each haul 200300 traps, but many gears persist many times into the sea before to be hauled (pers. obs.).
Nets and fishing traps are potentially very dangerous because they can damage sea
organisms thriving between 0-50 m, a bathymetric range in which trawling is forbidden. As we
frequently found during SCUBA diving surveys the occurrence of fish nets and lines (ghost gears),
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Table 7: Signals of fishing pressure valuated in some localities of the gulf during S.C.U.B.A. diving activities
(the number of ‘+’ indicates the abundance class: none=absent, +=very rare, ++=rare, +++=common,
++++=very abundant; DMH= date mussel harvesting)

Sector

A

Phlegrean Islands

Survey site

Banco d'Ischia

Fishing
pressure
++++

Bell'Ommo

++

Capo Grosso

+++

Formiche

++

Il Faraglione
La Nave

++++

Secca di Forio

++++

Le Camerate
Pietra Nera
Pietra Bianca
Procida

++++

Punta Imperatore
Punta Spaccarello
S. Angelo
San Pancrazio
Scannella

+
+++
++

Scannella Deep
Secca del Santuario
Secca Lacco Ameno
B

Bay of Pozzuoli

Bay of Naples

++++

Miseno est

++++
+

Marechiaro

++++

Casa degli Spiriti

++++

Nisida

++++

Secca della Badessa

++++

Secca della Cavallara

+++

Secca di S. Giovanni a Teduccio
Secca di Torre Annunziata

++
+++

Capo Posillipo

+

Rocce verdi

+

Nisida
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Capo Miseno
Baia

C

+++
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Porto Paone
Santa Lucia
S. Croce
D

Sorrento Peninsula

Vervece Madonnina

++ DMH

Cala di Mitigliano
Punta Campanella

E

Capri

+

Capo di Massa - Puolo

++ DMH

Secca del Vervece

++ DMH

Bagni Tiberio
Punta Carena
Punta del Capo
Punta dell’Arcera
Scoglio della Ricotta

Mechanical damage of marine debris (with the distinction between covering and abrading
debris) has been evaluated in different Italian regions (Campania, Sicily and Sardinia). According
to this classification, the highest mean value of debris abundance was found in Campania in deep
habitats (0.12 debris/m2, ranging from 0.02 to 0.16 debris/m2) compared to Sicily and Sardinia
(Figure 47) (Angiolillo et al., 2015; Bavestrello et al., 2014; Bo et al., 2014). All these data support
the high pressure of fishing activity in the Gulf of Naples.
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Figure 46: Records of fishing gears and longlines interlaced with macrophytes and sea fans (the last photo on
the right comes from Simeone et al., 2010)
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Figure 47: Frequency of occurrence of marine debris items found in the Gulf of Naples (Amalfi coast
included); c1: Amalfi, c2: Li Galli; c3: Nisida, c4: Ischia1, c5: Ischia 2; c6: Procida (from Angiolillo et al.,
2015, modified)

Some interesting data on the occurrence of Cystoseira or Sargassum spp. came out by my
query to fishermen. Some of them confirmed to find (at least in the past) in their nets branched
brown macroalgae, especially Sargassum spp., historically used to maintain fresh and fragrant the
catch for their good smell (‘Fa addoventà i pesci marci, fritti’).
Along the coasts of the gulf, other non-commercial fishing activities such as Mytilus
galloprovincialis harvesting and Eriphia verrrucosa fishery (‘Rancio Fellone’) can interact with
the occurrence of fucoids in the shallowest fringe causing harvesting disturbance and trampling
activity. Both these activities are very frequent in the following sectors: A (Procida, Vivara), B
(Pozzuoli), C (Gaiola, Posillipo, Torre del Greco, Ercolano, and Portici).
An unexpected output came from my monitoring program around the coasts of Capri, where
the records of M. galloprovincials were very rare and no harvesting activity was detected. During
spring-early summer time, the locals keep clean any moorings and harbour walls in order to avoid
mussel settlement. In this manner the spread of this species is very low.
In the past times sampling for scientific purposes in the gulf was widespread and Lo
Bianco (1909) reported that some banks close to Naples city were abandoned by fishermen and
collectors of the Stazione Zoologica because of the loss of species of interest, it is unclear if it was
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due a deterioration of environmental quality, overfishing or oversampling, or finally a combination
of these. However, the magnitude of the impacts performed by collectors on benthic communities
should be considered as secondary percentage respect to fishing activities that in the past were
frequent also in shallow depth (trawl fishery; especially beam trawl, otter trawl and traditional fish
gear such as ingegno or gangamo, angamo, vangaiola, gangui) for the collection of fish, red coral
and sponges (Costa, 1870; Mazzarelli & Mazzarelli, 1918; Colantoni et al., 1982; Langella, 2011;
Fleet Register, 2012). For these reasons is strongly unlikely that the collection for research activity
played a leading role in Fucales depletion.
We have to remember that the Neapolitan area is famous all around the world for its
handmade shell cameos and coral jewels. Some coral factories as well as Capodimonte porcelains
are listed in Lonely Planet books. This economy has deeply impacted the local populations of
corals. Deep banks of red coral (Corallium rubrum) were historically present in many shoal all
along the gulf (Mazzarelli & Mazzarelli, 1918), but the recent review of the sites conducted by
Bavestrello et al. (2014) revealed a high percentage of dead colonies, almost totally collapsed
because of heavy overfishing occurred during the 19th and 20th centuries, by both trawling gears
and scuba diving. Healthy populations are still present only along Phlegrean Islands (Figure 48).
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Figure 48: Healthy colonies of C. rubrum (white circles), dead colonies (black) and loss (x) (Bavestrello et
al., 2014)

To conclude this paragraph, the pressure of aquaculture has to be taken into account too.
According to Carillo et al. (2008), in 2003, 43 aquaculture plants (36 mussel and 7 fish farms,
respectively) were recorded in Campania region. The occurrence of the 13 mussel farms in the gulf
are reported in Figure 49. They are settled at Baia, Bacoli and Capo Miseno in the Sector B, and at
Nisida, Castello dell'Ovo, Ercolano and Castellamare di Stabia for the Sector C. Results from
previous studies of their impacts on the benthic communities have provided positive, no, or
negative effects (Neofitou et al., 2014, and references therein). Up to now, there are no local data to
evaluate and quantify the effects on benthic communities in the study area.
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Figure 49: Occurrence of mussel farms (Mytilus galloprovincialis) in the study area
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2.4 Conclusions

Figure 50: Summary of cumulative impacts in the Gulf of Naples

In the first chapter of this thesis a general survey of the main threats affecting the
distribution and abundance worldwide of fucoid species has been presented. Based on these results,
historical and current knowledge on human activities and pressures have been reviewed and
analysed in different sectors of the island focusing the attention mainly on those that can represent
a threat for habitat forming species such as seagrasses and fucoid algae (Figure 50).
Summarizing:

1. Urbanization, sewage outfall, fishery and maritime traffic represent the principal stressors
in the region for fucoids.

2. The Gulf of Naples is an internationally renowned touristic location, not only for its
historical attractions, but also for swimming and leisure activities along the coastline and
the islands, especially in the summer months. Tourism supported the development of local
83

Chapter 2
infrastructure and services and represents a major source of income and employment, but
can also lead to negative impacts such as coastal destruction and discharges into the sea.

3. One third of the entire coastline of the gulf is artificialized (34%). About 20% is localized
on the metropolitan area (Sector C) including the large harbour area (one of the most
important of the Mediterranean Sea); Pozzuoli Bay (Sector B) with its ex-industrial area
and Ischia (northern side) (Sector A) have a quite similar loss of natural coastline (8 and
6% respectively).

4. The gulf is not totally covered by a sewage system plan, capable to support the high
density of population (Sector B and C), and to guarantee the huge tourism in summer time
(Sector A).

5. Discharges of non-treated or without appropriate depuration sewage are still widespread
along the region (in all sectors).

6. Although focused legislations exist (i.e. DL 11.05.99 Nr. 52 to safe the water quality), their
compliance is not provided (i.e. Sector A).

7. Maritime traffic is severe during the summer time; there is no control on anchoring,
particularly where there are restrictions (Sector A), where a MPA has been established

8. Reserve effects for MPA have not been evaluated (but Sector D) but the level of their
enforcement is strictly related to the extension of the MPA and to the number of people
engaged. In the study area, for most of the protected surface, MPAs can be considered
‘paper park’.

9. Pressure of fishing activity in different sectors is poorly documented for the entire gulf.
The unique available data are the fishing vessels registered in the gulf through the Fleet
Register, but represent a high underestimation, especially for those gears that are
performed by artisanal fishery (gill nets). Semi-quantitative data obtained for this category
84

Chapter 2
at Ischia Island testify a high pressure all around the island, where Posidonia oceanica
meadows occurs, with different techniques. No historical data exist both on the
amount/quality of the fishes and the real number of operating fishing vessels and where
they operate: therefore it is impossible to detect the pressures or evaluate the impacts.

In general we can conclude pointing out the most relevant gaps:


only data about the locations at which many threats occur are available but without
measure of their extension, intensity and state



information are scattered in space and time



the contemporaneousness between a biological status and pressure is lacking and it makes
difficult to strictly relate an effect to a putative cause



a baseline is needed

Consequently, the analysis, maintenance and improvement of the quality of the marine
environment in the gulf are major issues not only for social and economic reasons, but also for
the welfare of the entire ecosystem.
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3. Historical changes of Fucales in the Gulf of
Naples
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3.1 Introduction
There is no doubt that humans exerted many pressures on marine ecosystems since ancient
times; these pressures induced deep seascapes changes that are today not questionable. In
Mediterranean Sea, for instance, human activities have influenced and changed the abundance of
marine resources since at least Roman times and accelerated in the XIX and XX centuries (Lotze et
al., 2011). Over time, such modifications have altered the abundance of many assemblages, the
structure and functioning of marine ecosystems (Pauly, 1995; Jackson, 1997; 2001). However, to
fully understand the current state of marine ecosystems, we need to know their long-term history in
order to detect any changes respect to their pristine state (Lotze & McClenachan, 2014).

Long Term Ecological Research Program (LTER) initiated a new era in time-series
investigations. Time-series observations have been a core strategy in oceanography for more than
fifty years (Ducklow et al., 2009). Since 1977, the National Science Foundation (USA) supported
with emphasis ecological researches that require long time period and large spatial scales
(Callahan, 1984). Since the establishment of the International Long-term Ecological Research
network (ILTER) in 1993, global long-term ecological research programs expanded rapidly,
reflecting the increased appreciation towards the conduction of research on ecological issues that
can last decades and span huge geographical areas. Actually, sub-networks were adopted in Europe
(LTER-Europe) and considered in Italy since the end of 1990s, being official in 2006 (LTER-Italy).

Marine historical ecology is a relatively recent multidisciplinary and emerging research field,
aiming to reconstruct past ecosystems and their changes. Pauly (1995) referred to this historical
change in fishery ecology as sort of amnesia, the ‘shifting baseline syndrome’ or the paucity of
pristine ocean as a reference point, a widely relevant concept for each ecosystem. So every one of
us, referring to the perceived as normal status of an ecosystem, is used to think that the desirable
and acceptable condition of the sea is the state we experienced in our life span. This contributed to
a shift in our perception of what is natural toward more and more degraded ecosystems. In this
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way, things that we think as natural today, such as the abundance or size of a biological resource
(e.g. fish), may be drastically different from what our parents and grandparents perceived.
Most studies in marine historical ecology have focused on single species or a charismatic
group (e.g. mammals, turtles) and a single human pressure (Lotze & Worm, 2009 and reference
therein). Others have analysed historical changes across several taxonomic or functional groups
due to multiple human pressures in different geographical areas (Pandolfi et al., 2003; Lotze
&Worm, 2009; Harnik et al., 2012).

The Mediterranean Sea has been strongly influenced by human activities for millennia.
Although the historical ecology of its surrounding terrestrial ecosystems has received extensive
consideration, historical changes in its marine ecosystem are less known (Lotze et al., 2011;
Ferretti et al., 2013), especially concerning the ecosystem engineer brown macroalgae (Thibaut et
al. 2005; Falace et al., 2010). Historical records (HR, hereafter) in phycological studies represent a
valuable reference line to detect and understand changes in ecosystems and therefore for the
assessment of their current status. However these data can be scarcely available especially in
marine benthic vegetated systems due to frequent unavailability of suitable and detailed historical
records, lack of taxonomic expertise and logistical difficulty of conducting regularly repeated
surveys in wide areas.
Broad scale marine investigation has started from the 60s and lead to a sea exploration by a
high number of S.C.U.B.A. divers since 30-40 years. In this period, S.C.U.B.A diving became a
leisure activity and popular sport in Mediterranean Sea, leading also to an increase of scientific
publications in marine biology and studies directly linked with the in situ sampling/manipulative
experiments.
Studies on marine species in the Gulf of Naples started at the end of the 1800 since the
foundation of the research institute Stazione Zoologica di Napoli (SZN), in 1872. Even if a
temporal discontinuity among data occurred, the most valuable and complete contribution on
marine algae recorded in the Gulf of Naples was given by the Prussian phycologist Georg
Valentine Funk (Figure 51) in the time interval 1900-1955, as he spent at the SZN a span of 47
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years (Buia & Groeben, 1999). He therefore strongly contributed to create a solid reference line to
detect following changes in the coastal benthic vegetation. Invaluable historical interest has the first
monograph (Funk, 1927), where he reported the popular names used by fishermen of the gulf. For
instance, “Valiante’s plant” was used to indicate Cystoseira spp., in order to remember Raffaello
Valiante the researcher who described the variety of species in the gulf (Valiante, 1883). Funk
fishermen used popular names also to distinguish different Fucales: the species called as
‘Valiante’s plant of high depth’ (Cystoseira e’ profondità) was C. spinosa; the Valiante’s plant
with olive fruits (Cystoseira a frutta d’olive) corresponded to C. zosteroides, while with the term
‘herbs with lices’ (erva cu ’e perucchie) they usually indicated Sargassum acinarium (Funk, 1927,
1955). In Posillipo ancient fishermen called these species ‘Scienza’ (Simeone pers. comm.;

Figure 51 : Georg Funk at work, his map with the distribution of Cystoseira specimens in the gulf, a page of
his diary and a voucher from his herbarium (Georg Funk picture: courtesy of Universitäts Bibliothek Giessen,
Germany).

the term literally translated is ‘Science’). The origin of this old term is unknown, but it could be
hypothesized that fishermen meant this word as ‘wanted by scientists of SZN’.
In Lo Bianco (1909) and the SZN Zoological Collection, Cystoseira and Sargassum
frequently represented the substrate on which organisms (i.e. caprellids, sponges and hydroids)
were preserved. Moreover, there are also paratypes of isopods and polychaetes described and
reported in the Gulf of Naples which have been collected on the frond of fucalean species.
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The old sampling methods were rarely listed by the authors, but we can gather some
information thanks to the Funk’s monography (1927). The samples were generally collected by
sight with manual devices (until 5 metres depth), by nets (i.e. gangamella, strascico) towed by
rowing boats (until 20 m depth) and with mechanical trawling or purse seine (until 100 depth, the
vegetation boundary of the gulf).
In order to evaluate the current status of Cystoseira and Sargassum spp. in the Gulf of
Naples, I gathered all available data cited in the literature (peer-reviewed academic journals, grey
literature, herbarium vouchers, preserved samples, private collections and old/recent photos from
underwater photographers) searching any records of Fucales algae in the study area.
Afterwards, cited sites have been revisited in order to detect the current occurrence, any
change in the distribution and finally detect the current status of fucoids in the gulf.
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3.2 Material and methods
3.2.1

Study site

The Gulf of Naples is located in the Tyrrhenian Sea, central Mediterranean Sea, along the
south western coast of Italy (Campania region). It is 870 km² wide and about 200 km long with an
average depth of 170 m. Geographically the study area, ranges from the Phlegrean peninsula on the
north-west (the islands of Ischia and Procida, the north campanian coast from Isolotto di San
Martino) to Sorrento Peninsula (Punta Campanella on the south), including the island of Capri
(Figure 52). These two extremes of the gulf are characterized by different geological nature:
volcanic the first and calcareous the last one; the coast is mainly rocky with some sedimentary
beaches. The Bay of Pozzuoli and the Bay of Naples, separated by the Posillipo promontory, are
further distinguished.

N

Figure 52: The study area, the Gulf of Naples (from http://fantasticpixcool.com/)

The area, inhabited in Pre-Roman times, is one of the oldest settlement continuously
inhabited and is currently occupied by about 4 million of people reaching exceptional densities,
comparable in some sites to an Asian megalopolis (i.e. Portici city: 12,000 inh/km2) (Istat, 2013).
In the centre of the town of Naples is located the harbour that, covering an area of 12,000m2, is one
91

Chapter 3
of the largest sea harbour in the Mediterranean sea and has the world's second-highest level of
passenger flux, after the port of Hong Kong. In fact, the gulf represents one of the favourite
destinations for tourism thanks to its artistic and archaeological interests and natural beauty: an
example is given by the Ischia Island (the largest among Phlegrean Islands), with about 4 million
travellers per year (http://www.ischiamarket.com/informazioni-ischia.php).

3.2.2

Data collection

There is a considerable amount of historical data dealing with the occurrence of
macroalgae in the gulf, since the end of nineteenth century. This period was coincided to the
foundation of the Stazione Zoologica Anton Dohrn of Naples, in 1873. The center was at that time
the first independent research facility for marine biologists from all over the world.
In order to detect any previous records of Fucales in the Gulf of Naples, peer reviewed
articles, technical reports, thesis, herbarium vouchers and preserved samples were carefully
analysed.

In

particular,

referring

to

the

Index

Herbariorum

website

(http://sweetgum.nybg.org/science/ih/; Thiers, 2014), a list of all the Italian herbaria was prepared
(Table 8) and the occurrence of Cystoseira and Sargassum spp. vouchers collected from the Gulf of
Naples were considered and queried to their curators.
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Table 8: Queried Italian Herbaria

Herbarium Anconitanum – Dip. Sci. Agrarie, Alimentari ed Ambientali, Univ. Marche (ANC);
Herbarium Horti Botanici Barensis - Istituto Ortobotanico, Univ. Bari (BI);
Erbario e Museo Botanico - Sistema Museale d’Ateneo, Univ. Bologna (BOLO);
Erbario Istituto ed Orto Botanico - Seaweeds Herbarium, Univ. Catania (CAT);
Herbarium Universitatis Florentinae - Natural History Museum, Univ. Firenze (FI);
Herbarium Messanaensis – Dip.o di Scienze Biologiche ed Ambientali, Univ. Messina (MS);
Herbarium Universitatis Mediolanensis-HbMI – Dip. Biologia, Univ. Milano (MI);
Hortus Botanicus Mutinensis- Univ. Modena e Reggio Emilia (MOD);
Herbarium Neapolitanum – Dip. di Biologia Vegetale, Univ. Napoli Federico II (NAP);
Herbarium Patavinum - Centro Interdipartimentale Musei Scientifici, Univ. Padova (PAD);
Herbarium Mediterraneum Panormitanum – Dip. Biol. Ambientale Biod. Univ. Palermo (PAL);
Erbario Orto Botanico – Dip. Biologia Evolutiva e Funzionale, Univ. Parma (PARMA);
Herbarium Universitatis Ticinensis - Dip. Scienze Terra e dell’Ambiente, Univ Pavia (PAV);
Erbario – Dip. Biologia vegetale Università di Perugia (PERU);
Herbarium Horti Pisani – Dip. di Biologia, Museo Botanico, Univ. Pisa (PI);
Erbario Patologico “Alessandro Trotter”, Portici (Napoli) (POR);
Museo Erbario - Dipartimento di Biologia vegetale, Univ. Roma La Sapienza (RO);
Erbario –Dip. Botanica ed Ecologia Vegetale, Univ. Sassari (SS);
Erbario Talassografico “A. Cerruti” - Istituto per l’Ambiente Marino Costiero – CNR (TAR);
Herbarium Universitatis Taurinensis – Dip. Biologia Vegetale, Univ. Torino (TO);
Erbario, Algarium, Nova Colletio Corallinales - Dip Scienze della Vita, Univ. Trieste (TSB);
New Herbarium - Museo di Storia Naturale di Venezia (MCVE).

I

also

examined

and

queried

the

Macro-algal

Herbarium

Portal

(http://macroalgae.org/portal/collections/listtabledisplay.php?usecookies=false&starr={%22taxa%2
2:%22Sargassaceae%22,%22usethes%22:true,%22taxontype%22:%221%22,%22country%22:%22
Italy%22}&jsoncollstarr={%22db%22:%22allspec%22} ).
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Moreover, I analysed historical herbaria of Funk, Berthold and anonymous collectors (not
yet indexed) together with the dried vouchers and wet samples of the SZN Herbarium kept at Villa
Dohrn Ischia-Benthic Ecology Lab.
The quality of specimens depended on the age and conservation status of the vouchers;
however the spatial and temporal references of data collection were not always reported. In this last
case the record has not been taken into account. When no taxonomic identification occurred or
misidentified specimens were present, I personally identified the voucher.
I georeferenced (with the maximum possible accuracy) all the records to a GIS database in
order to have an overall but detailed information per each sector. If not possible (for example when
a voucher note just stated 'Capri Island'), I spatially represented the record in the database I
realized, exactly at the center of the island, or I specified in the database notes this information.
During the data collection I also gathered many HR with low taxonomic resolution (Cystoseira sp.,
Sargassum sp.). Despite the low taxonomical level, even these data have been analysed and
discussed, being important evidence of these genera in the HS.
I divided all records by bathymetric intervals (shallow=0-5 m; deep= deeper that 5 m); for
depths deeper than 40-50 m we didn’t directly surveyed the sites, but we assessed by means of
ROV videos analysis or video from professional technical divers.
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3.2.3

Re-survey of historical sites (HS)
Sites where Cystoseira and Sargassum spp. were historically recorded were re-surveyed

from the past in order to detect any temporal changes. 'The number of re-survey per each site varied
from at least 1 time to a maximum of 3 times, depending on the interest of the site and sea floor
heterogeneity.
In order to evaluate the current occurrence of the species previously found, I re-surveyed
the historical sites (HS) from Isolotto di San Martino (40.799065° N; 14.036389° E) to Punta
Campanella (40.568866° N; 14.325040° E) including all the islands of the gulf. For the shallow
records (from 0 to 5 m), I both snorkelled and used a 4.85 m long kayak to reach HS, moving very
close to the coast. The kayak was also equipped with a handmade bathy-scope to detect the
occurrence of target species below the water mark (Figure 53).

Bathyscope

Figure 53: Materials used during the kayak surveys

Deep sites (from 5 to 50m depth) have been surveyed by S.C.U.B.A. diving during ad hoc
SZN surveys for Phlegrean Islands; staff of diving clubs and Marine Protected Areas (MPAs)
helped me in the other sectors of the gulf. For records deeper than 50 m depth, ROV data (videos
and photos) of the gulf were analysed (‘Campagna Corallo Rosso 2010-2012’; Bavestrello et al.,
2014, Angiolillo et al., 2015). For few HS deeper than 40 m and without ROV video availability
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(i.e. Bocca Piccola: depth 50-90 m), we only analysed video data gathered from the ad hoc Citizen
Science project ‘Progetto Fucales’.
I based my surveys overlaying old and current maps (geological and bathymetric maps,
Digital Terrain Models) from sea surface down to 40-60 m to identify suitable substrates, i.e. rocky
reefs, coralligenous assemblages and detritic bottoms (Cervera, 1955; Colantoni et al., 1982;
Gambi et al., 2003b; Nautical Chart n° 10, n° 129 Istituto Idrografico Marina; De Alteriis et al.,
2006; Simeone et al., 2016a,b) (Figure 54, Figure 55, Figure 56,). Many historical records referred
to shoals and banks were difficult to localize, especially when the sites were labelled with
unofficial old fishermen names. For these sites the contributions of Lo Bianco (1909), Mazzarelli
(1918), Miraglia (1941), Cervera, (1955) (Figure 56), Bacci (1946) (Figure 57) and Cognetti &
Santarelli (1960) have been of valuable interest.

Figure 54: Digital terrain model (DTM) of Phlegrean Island (De Alteriis et al., 2006)

Generally, in many sites (especially around the Phlegrean Islands) the sea bottom from the
surface to 30-40 m depth was colonized by Posidonia oceanica (intensely investigated by the
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researchers of the SZN since the end of 1970, Figure 55) (Colantoni et al., 1982; Gambi et al.,
2003a; Zupo et al., 2006a,b).
I studied nautical charts, touristic maps (current and ancient ones) to be familiar with the
places and the old name of quoted sites, with current ones: this information was acquired also by
interviews with old local folks taking advantage of local ecological knowledge.

A

B

Figure 55: Map of Posidonia oceanica distribution all around the island of Ischia (A; Colantoni et al., 1982).
Vegetational map of the gulf (B; Funk, 1927)
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Figure 58: The poster edited in the frame of the Citizen Science project ‘Progetto Fucales: chi le ha viste?’
addressed to all the marine stakeholders, with special interest of scuba divers, fishermen and kayakers

on their regression in the study area, involving local stakeholders (scuba divers, fishermen,
kayakers).
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Posters and pamphlets with pictures of the most simply identifiable species were produced
and sent to MPAs and Scuba Diving Centres, mainly directed to photographers. In addition, the
importance of these species were highlighted during public meetings (MPAs, Città della Scienza
and Marevivo events).
The changes over time were summarized and analysed by a G.I.S. (Geographical
Information System) database, realized with the open source software QGIS Wien (2.8.2 version).
Bathymetry shape-files (10m intervals, UTM33 - WGS84) have been provided by National
Research Council (CNR)-Istituto Ambiente Marino Costiero (IAMC) of Naples (D'Argenio et al.,
2004). Basics Digital terrain Models (DTM) for the implementation of the database have been
visualized (WMS) or downloaded from the web site of Italian Ministry of Environment
(Geoportale Nazionale) and GIS Repository (http://www.pcn.minambiente.it/GN/accesso-aiservizi/servizi-di-visualizzazione-wms. A complete list of historical sites is reported in Annex I, at
the end of this thesis.
We compared the presence or absence of historical and current records in the gulf; in order
to better understand local temporal changes in the richness and occurrence of Cystoseira and
Sargassum species. The study area (Gulf of Naples) was furthermore subdivided in 5 smaller
sectors: Phlegrean Islands (A), Bay of Pozzuoli (B), Naples Bay or Bay of Naples (C), Sorrento
Peninsula (D), and Capri Island (E). The boundaries of this area, with the most relevant localities,
are represented in Figure 59.
Changes over time were obtained comparing historical data with those obtained in the
years 2013-2016. According to the number of historical sites (HS) in which the species was
currently no longer found, the percentage of loss was calculated as the following established Loss
Index (LI):

number of current absence in historical sites

( HSCA)

LI =

x 100
total number of past occurrence

(totHS)

As it was a preliminary observation, we tried to hypothesize a possible trend of their
temporal dynamics in the gulf. Based on the number of total historical sites, five classes of
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abundance were created. They were: absent (0); very rare (1-5); rare (6-10); common (16-30) and
very common (over 21).

Figure 59: Different sectors in which the Gulf of Naples has been divided
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3.3 Results
3.3.1

Historical data and 2013-2016 re-survey
There was a good amount of historical data available dealing with the occurrence of the

Cystoseira and Sargassum genera in the Gulf of Naples. The source of data come from
publications, books, monographies, voucher herbaria, preserved samples and some old photos of
professional photographers in the framework of the developed citizen science project.
Vouchers held in herbaria were a powerful source of data providing a very good baseline
for the historical change assessment and for future research.
The first hint to marine flora of the Gulf of Naples has to be referred to ‘Dell’ Historia
Naturale’ by Imperato Ferrante (1589). Unfortunately ‘this collection moved to Domenico Cirillo
and then lost in a fire hanged by the fury of the population at Sant'Antonio Abbate (Naples) in June
13, 1799’ as it has been reported by Balsamo (1892).
The first practical historical milestone comes from the valuable contribution of Delle
Chiaje (1829): ‘Hydrophytologia Regni Neapolitani’, with detailed nice drawings (Figure 60A) and
the sketches of Vincenzo Serino, one of the most valuable professional illustrators of SZN (Figure
60B).
Overall 376 historical records have been listed since the beginning of the 19th century by
Delle Chiaje (1829), with collections by several authors that preserved voucher herbaria such as
Valiante, Mazza, Lo Bianco, Funk, Falkenberg, and Leick. After the two Funk’s monographies
(1927, 1955), the next collections are poorly represented by voucher herbaria and several studies
were dedicated to very punctual research sites or with a lack in species resolution (Gamulin-Brida,
1965; Gamulin-Brida et al., 1967; Cinelli, 1971; Zupo & Buia, 2000).
Another complete broad scale survey was made by Ernst (1959) from Sorrento to Massa
Lubrense in the southern part of Sorrento Peninsula. Ribera d'Alcalà & Russo (2001) made a
survey of Capri Island biocenoses along 28 depth transects around the island, but in this publication
there is a lack of important information on the species identification (the term Cystoseira sp. or
Sargassum sp. is commonly reported as the highest level of identification).
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A synthesis of all the georeferenced HR for the study area is reported in Figure 61.

A

B

Figure 60: Pictures of Cystoseira spp. and Sargassum spp. from Delle Chiaje (1829) (A). Vincenzo Serino’s
drawing of Sargassum hornschuchii (B) (beginning of 1900; Copyright Stazione Zoologica Anton Dohrn di
Napoli – Archivio Storico, Coll. Ua.I.68)
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A

B

Figure 61: Map of the distribution of historical records (HR) of Cystoseira and Sargassum spp. in the Gulf of
Naples (A: shallow HR; B: deep HR)
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In the Annex I a list of Fucales historically recorded in the study area is reported; their
taxonomic nomenclature has been updated according to Algaebase (Guiry & Guiry, 2016) and by
Cormaci and Furnari (personal communications) in Table 9.
Table 9: Fucales recorded in the Gulf of Naples in the past, with the current taxonomically accepted name
(Guiry and Guiry, 2016)

List of Fucales species

Taxonomically accepted names

Code

Cystoseira

CA

Cystoseira
amentacea

amentacea

brachycarpa

brachycarpa

CBR

hoppei or Hoppii

barbata

CBA

barbatula

barbatula

CBB

abrotanifolia

compressa

CC

crinita

crinita

CRI

fucoides

dubia

CD

discors

foeniculacea

CFF

funkii

funkii

CFu

amentacea

mediterranea

CMe

montagnei

spinosa var. compressa

CSC

erica-marina

spinosa var. spinosa

CSS

selaginoides

sauvageauna

CSA

sedoides

sedoides

CSE

ericoides

tamariscifolia

CT

opuntioides

zosteroides

CZ

acinarum

SA

hornschuchii

hornschuchii

SH

vulgare

vulgare

SV

Sargassum
linifolium

Sargassum
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Cystoseira amentacea (C. Agardh) Bory the Saint-Vincent
Cystoseira amentacea (CA, Figure 62) is widespread in the Mediterranean Sea. Two
varieties are generally considered: C. amentacea var. amentacea and C. amentacea var. stricta, but
they are poorly characterized and will not be distinguished here (Thibaut et al. 2015a).
The species was collected for the first time along the Gulf of Naples at Posillipo in 1882
(Sector C) by an unknown collector; it was identified by Raffaello Valiante, that one year later
published his monograph on the varieties of Cystoseira in the Neapolitan Gulf (‘Le Cystoseirae del
Golfo di Napoli’), with 15 extraordinary lithographic tables. In the Michigan Herbarium (USA)
there are dried specimens collected by Martens and Reed (at the beginning of 1900), collected at
‘Naples’. During the 20th century, the species was collected in 1903 by Angelo Mazza close to the
Castle of Baia, at Portici and at San Giovanni a Teduccio (Sectors B, C). Georg Funk (1927,1955)
in his publications and diary he gave detailed information on the presence of CA providing map of
presence in Ischia (A), Isolotto di San Martino, Capo Miseno (B), Punta Pennata, Nisida, Posillipo,
Gaiola (C), affirming that it was ‘very common’ in Grotta del Tuono (‘Thunder cave’)
corresponding with the currently toponymy of “Grotte di Trentaremi”. After Funk, we have also
many voucher herbaria testifying the presence in the gulf but the name of the collector is not
reported.
Ernst (1959) and later Feoli & Bressan (1972) studied the benthic vegetation along the
Sorrento Peninsula (Sector D) providing further information on the distribution of this genus in the
southern part of the gulf. The occurrence of Cystoseira spp. in this area over 1980 is documented
by the pictures made by local professional photographers, Enrico and Maria Rosaria Gargiulo
gathered through the citizen science project. They recorded the species at Punta del Capo, Serra
Capriola, Puolo west Bay, Capo Corbo, S. Liberatore, Punta S. Lorenzo, and Le Fontane (Sector
D).
As regard the Ischia Island (Sector A), until the end of 1980, CA occurred on the rocks in
front of Villa Dohrn (Buia, pers. comm.).
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The re-surveys of HS testify that on the opposite side of the gulf, that is S. Martino Island
(Sector B), where the natural rocky coastal line has been replaced by artificial substrates, this
species is now absent and in addition a dense Mytilus galloprovincialis community has been
established.
In the Sector C (the Naples Bay), CA is completely absent from Mergellina (Posillipo) to
the eastward end of the sector for a coast length of about 42 km (scale 1:250,000); this species
occurs again (following southward the coastline development) only in Sorrento peninsula (Sector
D). Historical populations were naturally isolated by sandy beaches (as the mouth of Sarno river
between Torre Annunziata and Castellammare di Stabia); CA was present at San Giovanni a
Teduccio, Torre del Greco, Torre Annunziata (Sector C) as reported by HRs of Mazza, in 1903
(probably on rocky platforms off these site).
In this area currently a dense stand of mussels, in an articulated corallines and
Enteromorpha spp. community currently thrive: no Cystoseira spp. has been recorded.
The species disappeared also at Nisida and Porto Paone (Sector C, only one specimens has
been observed in Porto Paone in 2014, no further observation afterwards). It is important to note
that in the Sector D the species was abundant (Gargiulo & Gargiulo, pers. comm.) and now it has
completely collapsed between Sorrento and Punta del Capo (2 km).
Around the Island of Capri (Sector E) this species was primarily recorded only in 2001 by
Ribera d'Alcalà & Russo, in the frame of a Feasibility Report for the establishment of a Marine
Protected Area.
Considering historical sites, a 60% of regression was recorded (LI).
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A

B

C

D
Figure 62: C. amentacea. A: Voucher from Michigan herbarium. B: drawings from Valiante (1883). C and D:
in situ pictures by E. Gargiulo (C, D, about 1985)
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Cystoseira barbata (Stackhouse) C.Agardh
In the Mediterranean Sea, Cystoseira barbata (CBA, Figure 63) thrives in the upper sublittoral zone, in sheltered and shallow sites but also in coastal lagoons with low hydrodynamic
conditions. In the study area, this species is sometimes cited as Cystoseira hoppei C.Agardh 1820
and erroneously as C. Hoppii in some herbarium vouchers.
The first records was dated 1864, collected by C. Bolle and preserved at the Herbarium of
Università di Padova. Subsequent specimens come from Falkenberg (1879), Herbarium of RomaLa Sapienza (1881, 1882). In the 19th and 20th centuries, CBA was collected 32 times in the gulf:
vouchers from Michigan University Herbarium by Bradley Moore Davis (1904), Funk (1927),
Herbarium of SZN (without collectors), and Ernst (1959).
This species was widely distributed: Ischia, Ischia Harbour (sector A); Bacoli, Capo
Miseno Castello di Baia (Sector B); Capo Coroglio, Posillipo, Nisida north side, Badessa bank (the
past misunderstood Gaiola bank), Capo Posillipo, Villa Maista, Porto Rendell (Posillipo),
Posillipo-Punta Cinita, Nisida Island, Porto Paone, Trentaremi, Donnanna-Grotta Romana, Napoli,
Marechiaro, Napoli-Via Caracciolo (Sector C); Sorrento Peninsula (Sector D).
The last record of this species is dated 1968 (SZN Herbarium).
No specimens were found during HS re-survey; Loss Index = 100 %.

A

B

C

D

Figure 63: C. barbata vouchers herbaria. A: Herbarium SZN, B: Michigan Herbarium; C: Herbarium SZN;
D: Valiante (1883)
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Cystoseira barbatula Kützing
Cystoseira barbatula (CBB, Figure 64) is typical of clean, moderately rough waters
(Cormaci et al. 1992). It grows in upper sublittoral zone, 1-1.5 m depth, on open and exposed rocky
shores (Berov et al., 2015).
This specie was described in ‘Naples’ by Kützing in 1860. Concerning the recent record of
C. barbatula in the gulf reported by Buia et al. (2013a), I personally reviewed frozen samples and I
can exclude its current occurrence.
The history of this species is very complex: it has been described for the first time by
Kützing on a specimen collected by Sonder in ‘Naples’ but paintings and descriptions are not
exhaustive (Cormaci et al. 1992). After that, there are no other records for the gulf. It is possible
that this species was present in the past in the study area, but there is uncertainty on that. It is
currently present in Sicily (Cormaci et al. 1992) and as the case of C. tamariscifolia (see next)
could be historically disappeared in the gulf.
The LI index is equal to 100%.

Figure 64: C. barbatula (Kützing, 1860)
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Cystoseira brachycarpa J.Agardh
Cystoseira brachycarpa (CBR, Figure 65) grows in littoral rock-pools and sublittoral
habitats, in moderately exposed sites and with high light intensity. Some historical records were
cited under the names of Cystoseira balearica Sauvageau, Cystoseira brachycarpa var. balearica
(Sauvageau) Giaccone and as C. brachycarpa J. Ag. (= C. crinita Valiante) by Funk (1927, 1955).
For that reason, historical records reported for this species in the study area were probably confused
with Cystoseira crinita Duby reported by Valiante (1883) and considered by Funk as above
mentioned. In this thesis, all the records of Funk (1927) and previous ones dealing about C. crinita
have been updated.
Despite the number of records (18), Cystoseira brachycarpa seemed to be widespread in
the gulf. It was common along the north and north-east coasts of the Ischia Island (Funk, 1927)
(Sector A); at Baia, Bagnoli, Isolotto di San Martino (Sector B); Nisida Island, Torre del Greco,
Posillipo, Badessa Bank (Sector C). It was collected for the last time in Naples by Giaccone in
1971 (Catra & Grimaldi, 2003) and the last HR is referred to Feoli and Bressan (1972) (Sector D).

During the 2013-2016 re-survey, the species has been observed only in the historical point
of Marina Piccola (Capri Island) (Sector E).
A general regression is evident with a LI= 94%

A

B

Figure 65: C. brachycarpa (A: Valiante, 1883; B: Funk, 1927)
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Cystoseira compressa (Esper) Gerloff & Nizamuddin subsp. compressa
Cystoseira compressa subsp. compressa (hereafter CCc, , Figure 66) grows in the upper
sublittoral zone from sea surface to 15 m, at both sheltered and exposed sites, in pristine and
moderately polluted areas, generally forming large populations at low water mark; some
individuals have occasionally been observed at 40 m depth (Thibaut et al. 2015a). This species cooccurs with articulated corallines and Mytilus galloprovincialis (sometimes also on artificial
barriers) but is absent around the entrance of harbours. It is common that C. compressa dominates
over C. amentacea, also when this last species is abundant.
Historical records cited this species as Cystoseria abrotanifolia (Linnaeus) C. Agardh;
Cystoseira abrotanifolia f. fimbriata Sauvageau, Cystoseira fimbriata Bory.
Cystoseira compressa was first collected in 1838 at Naples, by Joseph-Louis Bonjean
(Botaniste a Chambery). The specimen is preserved at the Herbarium Pirotta, (Università di Roma La Sapienza). This was the most common Cystoseira species recorded in the study area (Annex I)
with 52 historical sites (HS) of occurrence. In the 19th century CC was collected in Lacco Ameno
(Ischia, sector A), Naples, Posillipo, Portici, Torre del Greco (sector C); later, in the 20th century, it
was observed in several other sites in all the sectors: Ischia Harbour (sector A), Isolotto di S.
Martino, Acquamorta (Maremorto), Bacoli, Banco di Biondo Palomba, Castello di Baia, Capo
Miseno (sector B); Nisida, Punta Pennata, Capo Posillipo, Castel dell’Ovo, Mergellina (Sector C),
Sorrento peninsula (sector D), Capri (Sector E).
In the Michigan Herbarium (MICH-USA) there are specimens collected by Moore at the beginning
of 1900 in ‘Naples’.

During the HS re-survey, this species disappeared in those sites close to harbours
(Acquamorta, Sector B; Nisida, Castel dell’Ovo, Mergellina, Via Caracciolo, Portici, Torre del
Greco, Castellammare, Sector C; Sorrento, Sector D) and where new infrastructures (artificial
barriers) have been deployed or where land reclamation took place (Ischia north side, Vivara,
Sector A; Acquamorta, Sector B; Santa Fortunata Camping, Punta del Capo, Sector D;, Punta
Carena, Capri, Sector E) .
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C. compressa was absent in the inner part of the gulf (34 km), westward from Capo
Posillipo (Sector C) to rocks close to Bikini Beach eastward, Sorrento Peninsula (Sector D).
LI computed for this species is equal to 69%.
A

C

B

D

Figure 66: Herbarium voucher of C. compressa, collected at Casamicciola (1962, A). Michigan Herbarium
(about 1900, B). Photos of E. Gargiulo (about 1985; C, D)
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Cystoseira compressa subsp. pustulata (Ercegovic) Verlaque
Cystoseira compressa subsp. pustulata (CCp, Figure 67) grows in shallow sublittoral zones
(Thibaut et al., 2015a) and rock-pools.
In the study sites there were no old references related to this subspecies. In the SZN
Herbarium that I revised for the thesis, I found one specimen (anonymous collector), collected in
Ischia between Ischia Harbour and Lacco Ameno in 1962, that I identified as Cystoseira compressa
subsp. pustulata.
In the period 2013-2016 no specimen were found in the historical site.
LI=100%

Figure 67: Cystoseira sp. collected between the Ischia Harbour and Lacco Ameno that I identified as C.
compressa subsp. pustulata (Herbarium SZN)

114

Chapter 3
Cystoseira crinita Duby
Cystoseira crinita Duby (CRI, Figure 68) grows in upper sublittoral zone, near the sea
surface, in shelter locations with high light intensity and warm temperatures in summer (Thibaut et
al., 2015a).
HRs for this species are very few. It is not clear if it is related to the incorrect interpretation of the
historical issue related to Cystoseira brachycarpa (due to my revision) and the misleading
reference of Valiante (1883) about this species.
The few records of C. crinita in the entire study area, are those by Feoli and Bressan (1972)
in Cala di Mitigliano (Sorrento Peninsula, Sector D) and by Cinelli (1976b) for Vivara Island
(Phlegrean Islands, Sector A), the latter considering this species as one of the most abundant along
the island between 7-10 m. In the herbaria that I revised, there are also two specimens (anonymous
collector), collected between Ischia Harbour and Lacco Ameno in 1962, that I identified as
Cystoseira crinita and Cystoseira cfr. crinita.
The Index of Loss computed for this species is 100%.
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Figure 68: Cystoseira sp. collected between the Ischia Harbour and Lacco Ameno that I identified as
Cystoseira crinita and Cystoseira cfr. crinita (Herbarium SZN)
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Cystoseira dubia Valiante
Cystoseira dubia (CD, Figure 69) grows in lower littoral and upper circa-littoral zone with
low hydrodynamic conditions, intense sedimentation with a low light intensity (1-0.3 % of surface
irradiance) and a temperature of 14-16°C (Tina et al., 1994, Mannino & Mancuso, 2009).
The species was collected in the Gulf of Naples by Berthold (1882, SZN Herbarium) for
the first time in 1880; it was described by Valiante (1883) as a new species collected at the Secca di
Biondo Palomba (commonly incorrectly known today as Secca di Benta Palumbo) at depth
between 40 and 60 m. Also Funk (1927) collected this species in the same bank and in Torre
Annunziata, Punta Carena (Capri, E) and Punta S. Pancrazio (Ischia, A). A complete well
preserved specimen is present at the SZN Herbarium, dated 24 September 1913 (legit Funk).

Figure 69: The C. dubia specimen preserved at the SZN Herbarium
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In general, literature data are scant about this species: some information is available from
Tina et al. (1994), and from Mannino & Mancuso (2009) from Sicilian waters. This species has
been collected by this authors at a shallower bathymetric range than that reported for the HR in the
Gulf of Naples. In the study area indeed, CD has been collected between 40 and 100 m (Funk,
1927). After Funk (1927), Cinelli (1971) collected the species at Punta S. Pancrazio (Ischia, sector
A) where he found only two individuals at 40 m.

During my re-surveys in 2013-2016 in very deep historical sites of Punta S. Pancrazio,
Punta S. Angelo, Torre Annunziata, Punta Carena, I reached the maximum depth of 50 m without
recording the species. R.O.V. video analysis was used for deeper stations but no specimens were
recorded (Bavestrello et al., 2014; Angiolillo et al., 2015).
The Loss Index for this species is 100%.
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Cystoseira foeniculacea (Linnaeus) Greville

Cystoseira foeniculacea (CF, Figure 70) grows in sheltered places, in rock-pools and along
the littoral zone from 0 to 20 m. Historical records cited this species as Cystoseira discors
(Linnaeus) C.Agardh.
CF was collected in all the sectors of the gulf. It was reported by Gamulin-Brida et al.
(1967) at Punta Solchiaro; it was considered common in Baia, Arco Felice (the current name of the
area is Lucrino beach), Miseno (Sector B), Nisida, Badessa Bank (the misunderstood Gaiola Bank)
Posillipo (Palazzo Manzi, Cala Garofano, Palazzo Donn’Anna, Grotta Romana, Palazzo
Volpicelli), Torre del Greco (Sector C). In the Herbarium of University of California, (Berkeley,
USA) there is a specimen collected at ‘Naples’ by Minnie Reed, in 1911 (Catalog #: UC170558).
There was only one record at the Vervece bank (Funk, 1927), while various specimens were
collected along the Sorrento Peninsula (Ernst, 1959) (Sector D) and a voucher from SZN
Herbarium was collected at Capri (Sector E), by an anonymous collector (1957). Currently, the
species has been found only at Capri (Sector E).
For this species LI is 96%.

A

B

C

Figure 70: C. foeniculacea (A: Ernst, 1959; B: Herbarium SZN, C: Herbarium of University of California
(USA)
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Cystoseira funkii Schiffner ex Gerloff & Nizamuddin

Cystoseira funkii (CFu) grows in deep zones between 25 and 50 m characterized by strong
currents. It was described for the first time at the Vervece Bank (Sector D) by Gerloff &
Nizamuddin (1976) (Figure 71). This taxon shares some similar characters with Cystoseira spinosa
but the taxon is currently accepted (Guiry & Guiry, 2016).
I did not find this species during 2013-2016 re-surveys and therefore the computed LI is
100%.

Figure 71: C. funkii fragment of the holotype (Gerloff & Nizamuddin, 1976)
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Cystoseira mediterranea Sauvageau

Cystoseira mediterranea (CMe, Figure 72) is widespread in the Mediterranean Sea with the
same ecology of C. amentacea. It is reported as abundant in the Gulf of Leon (between North of
Cataluña and south of France), but it is also cited in many localities of the Western Mediterranean
(Rodríguez-Prieto et al. 2013).
HRs report this species in Ischia, Procida (A), San Martino (B), Miseno Cape (B), Posillipo (C),
Capo di Sorrento (D). The first record is by Funk (1927) in Grotte di Trentaremi (Grotta del Tuono,
Thunder Grotto) close to Gaiola Island. It is possible that the specie has been sometimes
misidentified in the past with C. amentacea and doubtful identifications possibly occurred due to
the Valiante’s (1883) pictures and of Funk (1927, 1955) records. Assessments on these
misidentifications are complex due to the lack of referenced dry samples or to incomplete
specimens kept in herbaria. In any case both species are considered of high level of sensitiveness
by Ballesteros et al. (2007). The species was currently found in the HS of S. Anna, Posillipo
(Marechiaro and Palazzo Manzi). The computed Loss Index for this species is 76%.

A

B

Figure 72: C. mediterranea (A: Valiante 1883, reported here as C. amentacea; B: Herbarium SZN)
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Cystoseira sauvageauana Hamel

Cystoseira sauvageauana (CSA, Figure 73) generally grows in sheltered places in the
littoral and sublittoral zones, down to several meters depth (Thibaut et al., 2015a). Historical
records were cited as Cystoseira selaginoides Sauvageau. The first specimens were collected in
1882 at Posillipo, between 2 and 30 m by Valiante; the samples are preserved in the Herbarium of
Università di Roma-La Sapienza.
In the Valiante’s monograph ‘Le Cystoseirae del Golfo di Napoli’, this species is reported
to be present at Capo Miseno, Punta Pennata (B), Nisida and Secca della Badessa (C) (Funk 1927)
In the SZN Herbarium there is a specimen from Capri, collected by anonymous on 28th of
July 1957, and identified as C. opuntioides Bory, currently Cystoseira zosteroides (Turner)
C.Agardh. I re-identified the specimen as C. cfr. sauvageauana.
Only 8 records of this species were cited in the gulf, we re-surveyed all the HS and the
species was observed only at 1 site (Capri).
The LI was 83%.

A

B

Figure 73: Cystoseira sauvageauana (A: Valiante 1883; B: the specimen of SZN herbarium named C.
opuntioides and re-identified as C. cfr. sauvageauana)
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Cystoseira sedoides (Desfontaines) C.Agardh
Cystoseira sedoides (CSE, Figure 74) thrives in shallow habitats (0.3-1.5 m) with medium
level of hydrodinamism. This species currently has as very restricted distribution area (Tunisia;
Algeria; Pantelleria Island, Italy) (Rodríguez-Prieto et al. 2013, Guiry & Guiry, 2016). Despite that
data, Delle Chiaje (1829) reported this species in the Pozzuoli Gulf. This is the unique report of this
specie in the study area, and the picture reported by Delle Chiaie is not very clear, displaying
doubtful characters.
The survey didn’t allow to find this species and the LI was 100 %.

Figure 74: Cystoseira sedoides (Delle Chiaje, 1829)
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Cystoseira spinosa Sauvageau var. spinosa

Following the HRs, CS was present in the study area with three varieties: Cystoseira
spinosa Sauvageau var. spinosa (Figure 75), Cystoseira spinosa Sauvageau var. compressa
Cormaci, Furnari, Giaccone, Scammacca & Serio (Figure 76) and Cystoseira spinosa var. tenuior
(Ercegovic) M.Cormaci, G.Furnari, G.Giaccone, B.Scammacca, & D.Serio (Figure 77).
Some historical records were cited respectively under the names: Cystoseira erica-marina
(S.G.Gmelin) Naccari; Cystoseira adriatica Ercegovic f. compressa or Cystoseira montagnei
J.Agardh and Cystoseira adriatica f. tenuior (Ercegovic) Giaccone 1973.

Cystoseira spinosa Sauvageau var. spinosa (CSs) thrives from the infra-littoral to the circalittoral zone. After my revision of samples and herbaria of specimens collected in the Gulf of
Naples, C. erica-marina can be considered as synonymous of C. spinosa var. spinosa.
Cystoseira spinosa Sauvageau var. spinosa (Figure 75) was collected for the first time by
Valiante in Posillipo (B) (Herbarium Università di Roma-La Sapienza, 1882), then at Nisida, Secca
della Badessa, Santa Lucia (Valiante, 1883) (C). In the 20th century this variety was collected in
Forio Bank (A), Bacoli, Capo Miseno (B), Posillipo (C), Marina Piccola (E) by Funk (1927); later
Cinelli (1971) recorded the variety at Capo Miseno, Ischia east side (1957, Herbarium SZN other
collections), Punta S. Pancrazio (Ischia). The Funk Diary listed the taxon present also in Banco
d’Ischia (A), Bacoli, Castello di Baia (B), Capo Posillipo, and close to Grotta Azzurra (Capri).
Cinelli (1971) referring to deep algae of S. Pancrazio found the two varieties (CSs, CSc) both
mixed with C. zosteroides and forming monospecific assemblages in that area.
During our surveys this taxon has been recorded at San Pancrazio but very spotted and
non-forming monospecific assemblages, as reported in the past by Cinelli (1971).
The Loss Index (LI) computed for CSs is 94 %.
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Figure 75: C. spinosa var. spinosa from voucher herbaria (Herbarium SZN)
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Cystoseira spinosa Sauvageau var. compressa Cormaci, Furnari, Giaccone,
Scammacca & Serio
This variety (CSc, Figure 76) is typical of deep habitats from 20m depth down to ~70 m. It
was first reported in the studied area by Valiante (1883) in Secca di Biondo Palomba (the
misunderstood Secca di Benta Palumbo, Sector B), Secca della Badessa (the misunderstood Secca
della Gaiola, Sector C), Punta Campanella (D). In the 20th century Funk (1927) reported this taxon
in Forio Bank (A), Secca di Biondo Palomba, Capo Miseno, Punta Pennata (B), Secca della
Badessa, Posillipo - Palazzo Manzi, San Giovanni a Teduccio Bank, Secca del Campanile (C),
Scoglio Vervece Bank (all around the big rock) (D), Bocca Piccola Bank, and close to Grotta
Azzura (Capri, E). I found also voucher specimens from Capri (1957) and further records came
from Ernst (1959) in Sorrento peninsula (Ciercio Bay, Punta di Massa, between Punta di Sorrento
and Sorrento, D). At SZN Villa Dohrn, I found a specimens of CSc in formaldehyde dating back to
1960, from Banco di Forio (Ischia, A). The last record of this taxon is from Cinelli (1971) from
Punta S. Pancrazio (Ischia, A). He recorded mixed populations with C. zosteroides and
monospecific assemblages.
On the basis of my revision of samples and herbarium specimens, past samples labelled as
C. montagnei were based on Valiantes’ descriptions (Valiante, 1883); however, they have been
identified as C. spinosa var. compressa.
During the HS surveys the taxon was only observed in 4 sites (San Pancrazio, Punta
Campanella, Vervece bank and Capri) with very spotted individuals.
The Loss Index computed for CSc is 82 %.
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A

B

Figure 76: C. spinosa var. compressa from Funk Herbarium preserved at SZN (A) and Valiante (1883) (B)
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Cystoseira spinosa var. tenuior (Ercegovic) M.Cormaci, G.Furnari, G.Giaccone,
B.Scammacca, & D.Serio
Cystoseira spinosa var. tenuior (Ercegovic) M.Cormaci, G.Furnari, G.Giaccone,
B.Scammacca, & D.Serio (CSt, Figure 77) is typical of shallow habitats between 0 and 2-3 m
depth, in sheltered zones.
This taxon has been collected in 1957 at Capo Miseno as C. adriatica f. tenuior
(Herbarium SZN – other collections). We did not find this variety during our HS re-surveys at
Capo Miseno.

Figure 77: Cystoseira spinosa var. tenuior (SZN Herbarium)

The Loss Index (LI) computed for CSt is 100 %.

Considering all the varieties of C. spinosa (CSs, Csc, CSt), we have 34 HS in the study area.
For all these three varieties we formulated a unique Loss Index that was 90%.

128

Chapter 3
Cystoseira tamariscifolia (Hudson) Papenfuss

Cystoseira tamariscifolia (CT, Figure 78) is exclusive of infralittoral fringe between 0 and 3 m.
Some historical records were cited under the name of Cystoseira ericoides (Linnaeus) C.Agardh.
Delle Chiaie (1882), Falkenberg (1879) and other past authors on the basis of different
exiccata from herbaria indicated the presence of Cystoseira tamariscifolia in the Gulf of Naples.
After 1898 (Herbarium Torino) no C. tamariscifolia record has been reported. Only species bearing
some similar taxonomical characters have been reported in the gulf as C. amentacea and C.
mediterranea. These three species in literature are considered related species (they are paired
together in the Groupe III or clade 5 or ‘Groupe mediterranea’ respectively by Guern, 1962;
Draisma et al. 2010; Robvieux, 2013).
Some authors think that this species can occur only in areas under Atlantic influence
(Southern Spain, Sicily, Malta and Algeria) (Ribera et al. 1992, Gomez-Garreta et al. 2001). C.
tamariscifolia is currently present in Sicily (Furnari et al. 2003). In the Gulf of Naples, it was first
reported by Delle Chiaie (1882), then by Falkenberg (1879) while some exiccata derive from the
Herbaria of the University of Padova (1864), Torino (1898) and Roma (Pirotta).
Later, no C. tamariscifolia records have been reported anymore.
The computed LI is 100%.

Figure 78: C. tamariscifolia (Delle Chiaje, 1829)
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Cystoseira zosteroides (Turner) C.Agardh
Cystoseira zosteroides (CZ, Figure 79) grows in the sublittoral zone generally from 15
down to 80-100 m. Some historical records cite this species as Cystoseira opuntioides Bory ex
Montagne 1846. The species was first reported by Falkenberg (1879) in various sites (Biondo
Palomba Bank, Massa Lubrense, Capri). Valiante (1883) reported this species in the Sector C (S.
Lucia, Napoli, close to Castel dell’Ovo at a depth 4-7 m.
In 20th century, the species was present in Portici (Mazza, 1903). Funk (1927) on his
publication and Diary described this species in Secca di Biondo Palomba (Sector B), San Giovanni
a Teduccio, Secca della Badessa (Sector C) and Capri (Sector E). I examined a voucher specimen
of C. zosteroides fixed in formaldehyde dating back to 1960, from Secca di Forio.
The last record of this species from the gulf is from Cinelli (1971) from Punta S. Pancrazio (Ischia)
were it was widespread.
During the HS survey, I found the species only in San Pancrazio, from 30 to 34 m with a
good number of isolated individuals but not forming a dense and monospecific assemblages. The
LI is 89%.

Figure 79: C. zosteroides (Capri; Herbarium SZN, 1957)
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Sargassum acinarium (Linnaeus) Setchell

Sargassum acinarium (SA, Figure 80) usually grows in the sublittoral zone from 20 m of
depth (Rodríguez-Prieto et al. 2013). In literature, some historical records were cited under the
names: S. linifolium C. Agardh.
The first record of the species, dated back to 1829, was described in Baia by Delle Chiaje.
Then the species was found in Posillipo and was considered ‘widespread’ in Baia (Falkenberg,
1879). In 1898, Micheletti (PAD) collected this species on the seabed of Saccomanno beach (‘Sul
letto del mare alla spiaggia di Saccomanno, Isola d’Ischia’). In the same herbarium there is a
voucher of the same year of another specimen collected from Portici (Sector C). Also Mazza
(1903) collected the species in the same place 5 years later. Funk (1927) collected the species in:
Ischia Harbour (A), Punta Terone (B), Castel Dell’Ovo, Grotta del Tuono, Porto Rendell, Capo
Posillipo (C). The species was collected by Bonner in Rocce di S. Pietro, Ischia (Herbarium SZN,
1954). In the same Herbarium there are specimens collected in 1957-61 from Capo Posillipo, Santa
Lucia (C), Capo di Sorrento (D), Capri (E). In the TO Herbarium there are specimens collected by
Malinverni and Gennari and the species was then collected in Procida (Punta Solchiaro, Sector A)
by Gamulin-Brida et al. (1967). There is also a specimen preserved in the herbarium from Palazzo
Donnanna-Grottaromana (Posillipo, Sector C), that dates back to 1968: this is the last record of this
species.
The LI was 100%

Figure 80: Sargassum acinarium (Herbarium SZN)
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Sargassum hornschuchii C.Agardh
Sargassum hornschuchii (SH, Figure 81) usually grows in the sublittoral zone, also very
deep. Some historical records were cited under the names of Sargassum anceps Delle Chiaje.
The first specimen was collected close to the Harbour of Ercolano (Delle Chiaje, 1829), a
drift specimen in October (‘Inter marinas quisquilias prope Porticus Herculanenses octobris
mense vidi’). It is considered by Falkenberg (1879) rare if compared to S. acinarium and found it
only in 50-80 m. He wrote he found this species in summer in Capri. In the 20th century the species
was collected in Torre del Greco (Mazza, 1903), Procida, Miseno (Herbarium SZN, 1911), Secca
di Biondo Palomba (Funk, 1912; Herbarium SZN). The species was then collected in Procida
(sector A), Secca di Bocca Piccola (the current deep bank “La Secchetella”) and Vervece bank
(Est, Nord, S-W) (Sector D), Capri (close to Blue Grotto, Punta Carena, Capri North side) by Funk
(1927). In the SZN herbarium we have specimens from Capo di Sorrento (1957), Capri (1957),
Capo Posillipo (1963). The species was collected by Cinelli in Punta San Pancrazio at 30 m (Ischia
Sector A) and in Cala di Mitigliano (Sorrento peninsula, Sector D) by Feoli & Bressan (1972). The
last record is from Zupo & Buia (2000) in Banco di S. Croce (Vico Equense, D).
I never found this species during my surveys and the calculated LI was 100%.

Figure 81: Sargassum hornschuchii (Herbarium SZN)
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Sargassum vulgare C.Agardh
Sargassum vulgare (SV, Figure 82) grows in rock-pools, on moderately wave exposed (i.e.
bays), sheltered rocks and in the sublittoral zone, down to approx. 40 m depth.
This species was reported by Delle Chiaje (1829) in Gaiola on rocky habitats (‘Adhaeret saxis
Euplaeae’). It is the unique published record for the 19 th century, and then there was a gap of 154
years: the species was collected in 1983 by Buia and preserved in the SZN Herbarium (Ischia,
Punta Caruso, 18 m).
Then the species has been reported few years ago around Castello Aragonese and Punta San
Pancrazio (Porzio et al. 2011, Chiarore et al. 2012) in the framework of recent studies related to
ocean acidification.
Few information gathered from the Citizen project developed in this thesis, added more
recent records. Photos and personal communications, from the popular underwater photographers
Gargiulo Enrico and Maria Rosaria testified the presence of this species all along the coast between
Sorrento and Punta del Capo (in dense stands of 1 m long between Bagno delle Sirene and Ninfeo
Antico, in 1985); in addition, their son Marco Gargiulo photographed the species in Banco di Santa
Croce (Vico Equense) at about 20 m depth in the 90s.
I revisited the HS and I found the species at Castello Aragonese and Punta S. Pancrazio
(Sector A), at Gaiola at a distance of 500 m from the island to another area called Tavola di Mare
(Baia Trentaremi zone) (Sector C). The species has disappeared between Sorrento and Capo di
Sorrento (Sector D).
The LI index for this species is 75%.
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B

C
Figure 82: Sargassum vulgare. A: Herbarium SZN. B and C: Photos of E. Gargiulo (about 1985)
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Cystoseira sp.
HRs of Fucales only reporting ‘Cystoseira sp.’ only were frequently found during my
bibliographic research. Apart from Funk (1927) and Gamulin-Brida (1965), these records mainly
derive from floristic list of species generated for ecological studies, lacking of expert identification.
The records are dated to the end of the 20th century and beginning of 21st century and are referred to
Sorrento peninsula (south side of Baia di Puolo, Cala di Mitigliano, Le Fontane-Punta Sorrentina,
Marina Grande di Sorrento south side, Punta Gradelle, between Punta Corbo and Punta Sorrentina,
Punta del Capo, Punta S. Lorenzo, S. Liberatore - Punta Sorrentina) (Sector D) by Gargiulo (1985,
pers. comm.), Formiche bank, Gaiola-Tavola di Mare (Simeone pers. comm.), Capri (Punta del
Fucile, Punta Trasete, Scoglio del Monacone, Punta del Capo-Scoglio della Ricotta) (Sector E)
(Ribera d’Alcalà & Russo, 2001), Posillipo-Tavola di Mare (Simeone pers. comm.), GaiolaMarechiaro, Rocce Verdi, Trentaremi, Coroglio Casamicciola (in front of Pio Monte della
Misericordia) (ARPAC, 2007).
We didn’t find any Cystoseira sp. in many of the HRs re-surveys, computing a Loss Index
(LI) of 58 %. In the Annex I, are available the current identifications of the species encountered in
the HS where Cystoseira sp. records have been confirmed.

Sargassum sp.
HR of Fucales reporting ‘Sargassum sp.’ only was often found during my bibliographic
research. It was present in 1927 in Nisida north side (Funk,1927), Posillipo, Punta Cinita, (Funk’s
Diary), Banco di Miseno (Parenzan, 1956), Sorrento coast (Ernst, 1959), Capo Posillipo (1961),
Miseno (1962), Capo Posillipo (1963), Gaiola and Santa Lucia (1963) (Herbarium SZN), NisidaPorto Paone (Gamulin-Brinda, 1965), Trentaremi (1965), Marina Grande di Sorrento, Punta
Gradelle, Punta del Capo (Gargiulo, pers. comm.), Banco di S. Croce (Bussotti et al., 1999), Porto
Rendell (2000; Simeone pers. comm.), Capri-Faraglione di Matermania and Punta di Mulo (Ribera
D’Alcalà & Russo, 2001).
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I re-surveyed the sites and at Punta Gradelle (Sorrento, D) and Trentaremi (C) I only found
a Sargassum species (S. vulgare) and I computed a LI of 89 %.
In the Annex I, are available the current identifications of the species encountered in the HS where
Sargassum sp. records have been confirmed.
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3.3.2

An overview of the collective decline
The temporal change in the occurrence of Fucales in their historical sites seems to be huge.

In more than 84% of historical records we did not find the reported species (Table 10). On a total of
18 Fucales species (15 Cystoseira and 3 Sargassum species, with an overall of 21 Fucales taxa
historically reported) only 9 species were recorded again but with a high percentage of sites in
which they have disappeared. The most recurrent species in the past were C. compressa, C.
amentacea, C. spinosa, C. barbata and C. foeniculacea. In the revisiting campaign only C.
amentacea and C. compressa were found in more than 10 sites of the gulf.

Table 10 : List of species in historical and re-visited sites (HSCP=Historical Sites Currently Present;
HSCA=Historical Sites Currently Absent)

Species

Historical sites
(HS)

2013-2016
Present
(HSCP)

2013-2016
Absent
(HSCA)

Historical Loss Index
(LI)
(%)

CA
CB
CBB
CBR
CC
CRIN
CD
CFF
CFu
CMe
CSA
CSE
CS
CT
CZ
SA
SH

40
20
1
18
58
4
4
24
1
17
6
1
39
10
9
20
19

16
0
0
1
18
0
0
1
0
4
1
0
4
0
1
0
0

24
20
1
17
40
4
4
23
1
13
5
1
35
10
8
20
19

60
100
100
94
69
100
100
96
100
76
83
100
90
100
89
100
100

SV

4

1

3

75

285

46

239

Tot
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CB, CBB, CRIN, CD, CFu, CSE, CT, SA, SH have never been recorded during the HS resurvey and therefore for them a Loss Index of 100% can be computed. The other species seem to
have a reduced distribution in the gulf, ranging from 60% up to 96%. Although the most sensitive
species still exist (C. amentacea and C. mediterranea), the spatial depletion is dramatic. It is worth
to note that the decline of C. amentacea reached the lowest Loss Index (60%) in comparison to
other less sensitive species (i.e. 69% of C. compressa).

A

past HR

B

confirmed HR

Figure 83 : Historical records present in the Gulf of Naples in the past (A) and currently confirmed to be still
present (B)
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The status represented in the Figure 83 is much more intense if you consider that most of
the green dots are represented by upper subtidal species (CC and CA): in most cases the reported
species below the water mark have been totally erased. When the deep species have persisted, the
records are confined to the most distant areas from the Bay of Naples (A, D, E Sectors) at least 25
km far from the Naples Harbour.
Anyhow, also among the shallow species the distribution of CA and CC is extremely
reduced in terms of number of sites per sector (Table 10). There are many areas depleted of
historical records such what it has occurred around Ischia (loss of shallow records in the north, and
of deep records in other sides), around Vivara (shallow records), at Baia, Posillipo and from Naples
to Castellammare (shallow and deep sites).
From this preliminary study on the decline of fucoids in the gulf (exclusively based
on the re-visitation of historical sites) we can conclude that the sectors in which the decline was
highest seem to be the northern side of the Ischia Island (Sector A), all the Bay of Pozzuoli (Sector
B) and most of the Bay of Naples (Sector C).
Regarding the Sargassum spp. occurrence, the only species re-surveyed was S. vulgare, the
species less recorded in the past among this genus. Also for this species, however, the Loss Index
was very high (75%).
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3.4 Discussion
Taxonomical identification of Mediterranean Cystoseira and Sargassum differs according
to authors (Thibaut et al., 2015a) because the genera are very complex. Molecular studies
unravelling the relationships between species, subspecies, varieties and forms, can help to clarify
the taxonomic ambiguities currently existent (Gomez-Garreta et al., 2001; Cormaci et al., 2012;
Rodríguez-Prieto et al., 2013; Guiry & Guiry, 2016), despite an attempt (with low resolution) has
been already performed by Draisma et al. (2010). This study evidenced with molecular data that
Cystoseira is a polyphyletic genus and it should be splitted into different clades (3 of them with
Mediterranean and north-east Atlantic distribution) but the names of genera has not yet been
proposed. Focused research on the diversity and evolutionary relationships of the Mediterraean
Fucales is currently more urgent than ever. Knowledge on their evolutionary origin and of their
biodiversity is significant and essential for the protection and management of this algal group
(Draisma et al., 2010). Despite this still lack of agreement, their loss is rather evident (Thibaut et
al., 2005, 2015a, b, 2016).

In the Gulf of Naples, 15 species of Cystoseira and 3 of Sargassum were reported in the
past. Comparing the occurrence in historical sites with the 2013-2016 re-survey, 9 species were no
longer observed (CB, CBB, CRIN, CD, CFu, CSE, CT, SA, SH). In addition, other taxa (C.
compressa included) suffered a decline or became nearly extinct (Table 11); S. vulgare the only
specie recorded among the Sargassaceae was found solely in one historical site, on the Southern
coast of the island of Ischia.
The Mediterranean Fucales belong to perennial species that improve the three dimensional
architecture of the sea bottom and are able to structurally amplify habitats, hosting a variety of
associated species as reported by literature in many other study areas (Molinier, 1960, Sala et al.,
2012, Thibaut et al., 2015a,b). On the basis of only these historical scattered data is possible to
suppose but still impossible to conclude that the loss of the species leads to a functional extinction,
as in deep historical sites we did not find the remarkable forests that other authors found in
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different regions of the Mediterranean (Ballesteros et al., 1998, 2009). Their regression in terms of
cover and abundance means that they cannot play the same ecological and functional roles played
in the past (functionally extinct), when they formed dense underwater forests. Despite many past
authors simply reported a list of species, some of them tried to quantify their distribution,
unfortunately by using qualitative descriptors: 'common’, 'widespread’’, 'monospecific or mixed
assemblages', 'less' or 'more frequent species'. Cinelli (1976b) reported that all around the Vivara
Island, at 7-10 m depth, C. crinita was one of the most abundant species. Funk (1927) described a
number of Fucales associations such as C. compressa association, C. compressa-barbata-S.
acinarium association, C. mediterranea association, C. barbata association, C. foeniculacea
association, C. dubia association and C. spinosa var. compressa association. In particular,
regarding the last association (C. spinosa, the most sensitive deep Cystoseira species), Funk (1927)
stated that 'this association seems to compose the main vegetation of rocky beds, between
intermediate depth and 50 m and more'. In addition, Funk, discussing on the 'Cystosira Gebüsch
Formationen' in the Chapter 'Formationsbiologische Glinderung der Vegetation' stated that
Cystoseira forests (die Cystosiren-Bestände) had massive occurrence ('besondere Formation, wo
sie in Masse erscheinen'). The word Cystoseira forest ('Cystosira Bestände') is frequently used in
his monographies testifying the existence of a completely different Neapolitan underwater
seascape.
As the historical data that we have analysed only reported their occurrence with limited
quantitative data (because scattered and not homogeneous along the coastline) on their abundance,
it is therefore difficult to properly estimate their current fate.
We can hypothesize a trend in relation to the number of sites where each species were
previously and currently recorded. We can state a ‘local decline’ as the algal occurrence passed to a
lower class rank and as ‘extinct’ when it disappeared (Table 11). To verify these two trends it is
needed to gather much data on the current occurrence of these species. This can be obtained
through the mapping of the shallow species in detail, and checking with SCUBA diving and ROV
surveys the occurrence of deeper species in other additional sites, intensifying the surveys
especially in sectors where HR were confirmed at present time (i.e. Ischia Island).
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Table 11: Status of Cystoseira and Sargassum taxa based on their reported historical occurrence (HS resurvey) in different periods along the Gulf of Naples

Taxon
CA
CB
CBB
CBR
CC
CRIN
CD
CFF
CFu
CMe
CSA
CSE
CS
CT
CZ
SA
SH
SV

Historical
records
Very common

2013-2016
records
Common

Common

Absent

Very rare

Absent

Common

Very rare

Very common

Common

Very rare

Absent

Very rare

Absent

Very common

Very rare

Very rare

Absent

Common

Very rare

Very rare

Very rare

Very rare

Absent

Very common

Very rare

Rare

Absent

Rare

Very rare

Common

Absent

Common

Absent

Very rare

Very rare

Trend
Local decline?
Extinct?
Extinct?
Local decline?
Local decline?
Extinct?
Extinct?
Local decline?
Extinct?
Local decline?
Local decline?
Extinct?
Local decline?
Extinct?
Local decline?
Extinct?
Extinct?
Local decline?

The range of tolerance to disturbance of the genera varies according to the species
(Ballesteros et al., 2007). Certain species such as C. barbata, C. compressa and S. vulgare have
higher ecological plasticity than others (Falace & Zanelli, 2006). Despite these ecological traits, C.
barbata has completely disappeared in the study site and also C. compressa suffered a decline even
if generally resulted to have a common distribution and high tolerance. C. barbata is typical of
calm waters, repaired bays and coastal lagoons. It was distributed in the sectors A, B, C, and D and
frequently reported in the Bay of Naples (Sector C). Those areas (especially Naples Sector)
suffered an enormous change along the coastline (coastal development, land reclamation,
deployment of artificial barriers); the loss of repaired ad undisturbed zones (calm water and low
hydrodynamic conditions, e.g. '[...]ruhingen Wasser bei Capo Posillipo[...]') limited the distribution
of species such as C. barbata. The lack of undisturbed and calm zones could also be exacerbated
by intense maritime traffic in the study area.
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Beyond different species-specific hydrodynamics requirements, the success of the
reproductive phase probably needs a period of calm water conditions, due to their synchronous
spawning (directly sunlight-related) as reported for other species (Vadas et al., 1990; Serrao et al.,
1996; Pearson & Serrao, 2006; Schiel & Forster, 2006)
This examples are of valuable interest suggesting a possible role of intense maritime traffic
in the Fucales depletion in the study area, leading to an high and long-lasting high hydrodynamic
condition during the spring-summer period that overlap with Fucales reproduction time span.
Further studies on the relationships between maritime traffic and reproductive time span are needed
to clarify the impact of this pression on the fucoids decline.

Changes in the water quality have been already detected in the past for the Sectors B and
Sector C by Carrada et al. (1980) when high levels of nutrients were recorded. Even if those values
were very high and never recorded yet, we can think that at the end of 70s the increasing
urbanization and industrialization in the Sector B together with the lack of sewage treatment could
have altered the water transparency and favourite other more competitive algal species (i.e.
Sphacelariales and red turf algae).
Results previously obtained (Chapter 2) suggest that the pollution could not be solely
responsible for this decline, and other causes may have triggered their depletion. In particular,
artificialization of the coast probably stole the natural rocky habitat for these species (Figure 84).
The habitat destruction for the artificialization of the coastal line is not coherent with the loss of
deep species, with few exceptions (i.e. Nisida and Badessa case, C sector).
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Figure 84: Two aerial photos from IGM (1955) and Google Earth (2005) testifying the changes in the coastal
development on the North side of the Ischia Island

We can think that the historical reported depths in general could be not always reliable, as
in many cases the sampling were done by sight or by nets, trawling dredges (even if the samples
depth and techniques were often not specified) and is possible that many records were shallower
than those reported.
Anyway for the record between Nisida and Coroglio (Sector C), it is important to remark a
huge change in many environmental conditions affecting both shallow and deep species. The case
of Nisida and Coroglio is highly symbolic of the entire study area, summarising the high overlay of
pressure that the ecosystems have undergone in the gulf. The area is an example of an occurrence
of high environmental changes (indirect coastal development additional to nutrient inputs and
mussel farming exploitation). The construction of the bridge linking the mainland to Nisida (that
around 1936 ceased to be an Island) could have altered the hydrodynamic conditions of the area,
shifting to an habitat with strong unidirectional currents to a depositional area (high sedimentation
rate). Moreover, in the same area the Coroglio pipeline of waste water (composed by an overfull
system along the coastline and a discharge pipeline off the coast) contributed to an important input
of nutrients. The historical site of Secca della Gaiola currently known as 'Secca della Badessa' was
located exactly in the middle of this area and seemed to be strongly affected to these changes being
in front of the sewage discharge. Several (8) were the species described here by Valiante (1883)
and Funk (1927) but after the re-survey of HS, no Fucales were recorded yet; during our re-surveys
filter feeders were the dominant categories in those sites. Moreover, to exacerbate this complex
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state, the presence of a mussel farming plant is reported, being few tens of meters far from the HS
(Figure 85).

Outfall

Nisida

Funk (1927)
Bridge
HS

Figure 85: The highly symbolic case of ‘Secca della Badessa’: HS of Secca della Badessa. Current photo and
cartographic support courtesy of Gaiola MPA (C.S.I Gaiola onlus)

Also fishing pressure (trawling, artisanal fishery, illegal mussel harvesting) can impact
deep fucoid populations (Thibaut et al., 2015a,b). We can think that this pressure probably was
higher in the past, when there were no limitations to fishing activity within the 50 meters depth
(i.e. trawling) and could had an impact on subtidal populations (i.e. trawling) possibly leading to
extirpations of many of these species.
The Gulf of Naples has undergone cumulative impacts from different human activities (as
shown in the symbolic case of Secca della Badessa) that are difficult to disentangle. Anyway these
threats, as a general rule at the gulf scale, could be generally considered of lower magnitude far
away from the coast.
The comprehensive mapping of the fucoid distribution all along the whole coastline of the
Gulf of Naples (Chapter 4) can help to have a better interpretation of current status of Fucales
respect to the main pressures that possibly played a significant role in the historical depletion
evidenced here.

145

Chapter 4

4. Current distribution of Fucales in the Gulf
of Naples and an evaluation of putative
causes of decline
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4.1 Introduction
Fucales are engineering species that play a relevant role in the ecology of marine ecosystems
as they provide habitats, substrate, food, nursery and shelter for associated organisms such as
epiphytic algae and a large amount of invertebrates and fishes (Molinier, 1960; Ballesteros et al.
1990a, 1998; Cheminée et al., 2013; Thiriet et al., 2016).
However these ecosystems, mainly in rocky coastal zones, are worldwide under pressure due
to increasing human activities and their loss has been recorded in many areas of the Mediterranean
basin (Thibaut et al. 2005; 2015a,b). Coastal development and marine pollution seem to be
amongst the most important anthropic pressures affecting marine forests. Due to their decline, most
of Mediterranean Fucales are listed in the Barcelona’ and Bern’ Conventions, but few real target
actions have been carried out so far for their conservation and management. In addition, a huge
lack of knowledge on the current occurrence and distribution of these algae at the Mediterranean
scale has to be remarked. Shallow species have received more attention, particularly in the
framework of European Directives such as Habitat, Natura 2000, Water Framework Directive
(WFD, 2000) (www.ec.europa.eu/environment/nature/legislation; Casazza et al., 2003); Guidance
on specie protection and lists of threatened species were published and some indexes were
performed by using target species as biological index of water quality (Simboura et al., 2005;
Ballesteros et al., 2007; Sfriso et al., 2009; Orfanidis et al., 2011; Bermejo et al., 2013; Orfanidis et
al., 2014). Deep taxa, on the opposite, have been rarely investigated (Tina et al., 1994, Ballesteros
et al., 1998, 2009) due to the depth of their settlement, the complexity of this group of brown algae
and the lack of taxonomic skills, that made challenging their study. To achieve the conservation
and management of these species, the knowledge on their occurrence and distribution is therefore a
crucial step.
The re-visitation of historical sites where Cystoseira and Sargassum species were recorded
since 19th century (Chapter 3) highlighted a general loss both in their richness, distribution and
abundance. Their decline together with the lack of an updated detailed bionomic map on their
distribution in the Gulf of Naples drove me to fill this gap of knowledge.
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The purpose of this work was to conduct a survey in the gulf at different depths and with
different techniques to monitor their distribution along the 5 sectors that are affected to different
pressures (Chapter 2), in order to detect their current status, establish a base reference-line for
future assessment, and to propose a better management of the marine spatial planning in order to
prevent their local extinction.
In the Gulf of Naples despite the existence of 4 MPA (Marine Protected Area) and 1 ZTB
(Zona di Tutela Biologica), no dedicated cartography exist on these algae and generally they are
cited such as Cystoseira sp. or Sargassum sp.; in addition the existent bionomic maps of MPAs in
the gulf only refer to Photophilous Algae (AP), without any distinction among encrusting, turf
forming erect algae or Cystoseira and Sargassum associations (Bellan-Santini et al., 2002).
Therefore, it is of great importance to increase the knowledge on the stands that these species can
form, generating and updating maps. This current assessment will be fundamental to detect any
change over time of these species in the next future.
With the aim to fill the lack of knowledge on their current occurrence in the Gulf of Naples
and to increase the knowledge on the occurrence of deep marine forests, up to now never recorded,
I conducted a detailed three years survey (2013-2016) around the coastline of the Gulf of Naples.

148

Chapter 4

4.2 Material and methods
4.2.1 Study site
I divided the Gulf of Naples in 5 different sectors (Figure 86). The division has been
decided on the basis of geographical significant points: Phlegrean Islands (A, Ischia, Procida and
Vivara Islands), Pozzuoli Bay (B, from Torregaveta to Nisida), Naples Bay (C, from Nisida to Vico
Equense), Sorrento peninsula (D, from Vico Equense to Punta Campanella) and Capri Island (E).
Main reference points on the coast have been marked in the map (Figure 86). The entire coastline
development of the Gulf of Naples from Torregaveta (40°48'48.69"N; 14° 2'40.47"E) to Punta
Campanella (40°34'4.53"N; 14°19'34.64"E) has been monitored.

Figure 86: A map of the studied area: the Gulf of Naples (South Tyrrhenian Sea, Italy) and the five sectors in
which the study area has been divided
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4.2.2 Data collection
The distribution of the brown algae belonging to the genuses of Cystoseira and Sargassum
was investigated during field surveys by snorkelling, apnoea, kayaking and scuba diving from 2013
to 2016. The entire coastline development of the Gulf of Naples from Torregaveta (40°48'48.69"N;
14° 2'40.47"E) to Punta Campanella (40°34'4.53"N; 14°19'34.64"E) has been monitored. For the
shallow records (from 0 to 5 m) of the five sectors of the gulf (A, B, C, D, E), I used a 4,85 m long
kayak, travelling very close to the coast and using a sampling unit of 25m (scale 1:2,500); within
this stretch length, the continuity of the populations was evaluated according to Ballesteros et al.
(2007) in six classes: 0 (absent, no observed individuals), 1 (rare scattered individuals), 2 (abundant
scattered individuals), 3 (abundant patches of dense stands), 4 (almost continuous belts), 5
(continuous belts). The kayak was also equipped with a handmade bathy-scope to detect the
occurrence of target species under the water mark (Figure 87) and a portable GPS device (Garmin
Etrex 20x).

Bathyscope
GPS
Waterproof
camera and
Map
Safety
equipment
Water and Food
Anchor and ropes

Figure 87: Equipment used during the kayak surveys

Deep sites (from 5 to 50m depth) have been surveyed by S.C.U.B.A. diving during ad hoc SZN
surveys for Sector A; staff of diving clubs and Marine Protected Areas (MPAs) helped me in the
other sectors of the gulf.
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Recorded deep populations were geo-localised as points. The abundance of shallow and
deep species was estimated by Visual Census (VC); six classes were identified: 0 (absent, no
observed individuals), 1 (rare scattered individuals), 2 (abundant scattered individuals), 3 (abundant
patches of dense stands patches of some dm2 of cover), 4 (scattered populations, several patches,
covering several m2), 5 (dense population, continuous population during the survey). The
abundance of the Fucales order encountered in each site was derived from the maximum value of
the most abundant species class; an ecological value of relevance (Relative site value, RSV) was
assigned to each site calculated as the product of the abundance of the Fucales with the species
richness.
For records deeper than 50 m, HD videos from technical divers, documentaries and movies
were also analysed. In order to increase the sampling effort and gather the maximum amount of
information, I developed a Citizen Science project named ‘Progetto Fucales: chi le ha viste?’
(CiSci-PF) with the aim to collect information on current presence of Fucales in the gulf. The
project was addressed to all the stakeholders of the sea with specific focus to underwater
photographers, fishermen and kayakers.
Species were identified in the field, if possible (avoiding to collect rare and isolated
species); otherwise doubtful specimens were collected, stored in -20 °C and identified in the
laboratory according to Gomez-Garreta et al. (2001), Cormaci et al. (2012), Rodríguez-Prieto et al.
(2013). Vouchers of samples collected in the framework of this study were deposited in the Grech’s
Herbarium, hold at the Stazione Zoologica di Napoli (Integrative Marine Ecology Department,
Villa Dohrn, Ischia) together with the G.I.S. and Microsoft Excel databases and the linked in vivo
photo (at least 1 sample per each species). I also collaborated for another PhD project focused on
genetics and connectivity of Fucales in the Gulf of Naples collecting, identifying and preserving
most of the samples.
A spatial database, named FuCarT (Fucales CarTographyc database), including historical
records, current distribution of shallow and deep Fucales and all the georeferenced territorial data,
was realized (Figure 88 A, B). The open-source software QGIS 2.8.6–Wien was used to implement
this database. These data come from partially freeware (with low resolution data or Web Map
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Services) open source databases (http://www.pcn.minambiente.it/GN/accesso-ai-servizi/servizi-di
visualizzazione-wms ) and data collected during this thesis work (i.e.: data of fishing distribution,
spatial use of the coast). The database is quite simple and intuitive. All the available information
collected by literature (Historical Records, Chapter 3) and current Fucales mapping (this Chapter)
is included in the database spatially represented by respectively dots and lines vector layers. By
clicking on the the QGIS info tools data for each dot or line are displayed. Attribute Table of QGIS
summarize details of the HR information (dots): species code recorded, bibliographic reference,
Depth, Locality and Authors comments (if available) (Figure 88; Figure 89). A detailed Digital
Terrain Model (DTM) of the sub-area Nisida-Posillipo was available thanks to Gaiola MPA in the
framework of the MedPAN project ‘A territorial analysis for the integrated management of the
Posillipo Coastline’.

Figure 88: Home screen of the Fucales CarTographyc database (FuCarT)
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A
Species

Reference

Depth

attribute table

Historical
selected records

B

field
photo

selectednotesecord
selected record

Figure 89: Details of FuCarT database. Attribute table for HR (A) and current occurrence of Fucales (B)
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Lines (current Fucales mapping) display the occurrence of the species with different colours
and layers. The attribute Table of QGIS shows Species code recorded, GPS coordinates, Depth,
Locality, useful Comments and Density Value (if available). Moreover an attached field photo is
available for most of the assemblages of different localities, in order to have a photographic
reference baseline of the further assessments. Species code recorded, bibliographic reference,
Depth, Locality and Authors comments (if available). (Figure 88, Figure 89). In the provided maps
of shallow species, in order to obtain a better display, the GIS layers with lower occurrence were
represented at highest levels, while the lower level was occupied by the most widespread species.
As the current records of lower subtidal (deep) species were not continuous, their georeferenced
occurrence has been reported as points on maps. These data are displayed per each species of the
gulf. The distribution of shallow species has been represented in maps along the coastline,
overlaying also the location of sewage discharges along the coast, as reported in literature by many
authors (Thibaut et al., 2005; 2014; 2015a,b). For Phlegrean islands (A) the exact location of those
points has been retrieved from literature (Zucco, 2003) while for the other sectors the points
corresponded to personal observations. The FuCarT database is conceived as a starting point for an
integrated approach devoted to coastal systems management and conservation; the geographical
localization of the species should be integrated by water and ground chemical-physical parameters,
and detailed and comprehensive maps of pressures. In our purpose it should be part of a data based
management system in order to provide by queries detailed and update information on benthic
vegetated systems in the Gulf of Naples.
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4.3 Results
The 2013-2016 survey of Cystoseira and Sargassum species in the Gulf of Naples
highlighted the current occurrence of 15 taxa in total (11 species), both in shallow and deep zones,
from upper subtidal zone down to 50 m depth. A complete list of the species recorded is available
in Table 12. Respect to Chapter 3 results, 2 species that where no longer observed in the HS, were
recorded during this survey (CRI and SA).
The highest diversity and cover of Fucales were recorded around the Ischia Island (sector
A) on its south-west side, from Punta Imperatore to Sant’Angelo, where the slope of the coast line
was less steep (Figure 90).
In the present study, I reported for the first time the occurrence of C. crinita around the
island of Ischia as in previous Funk’s publication (1927) it was misidentified with C. brachycarpa.
During my surveys C. brachycarpa was recorded in shallow habitats in sectors A and E and listed
among lower subtidal species in sectors A, D and E. This species was the most abundant taxon
below the water mark in the entire study area.

Table 12: List of the taxa recorded in the Gulf on Naples in the time lag 2013-2016

Species

Code

Cystoseira amentacea (C. Agardh) Bory the Saint-Vincent
Cystoseira brachycarpa J.Agardh

CA
CBR

Cystoseira compressa subsp. pustulata (Ercegovic) Verlaque
Cystoseira compressa (Esper) Gerloff & Nizamuddin subsp. compressa

CCp
CCc

Cystoseira crinita Duby

CRIN

Cystoseira foeniculacea (Linnaeus) Greville

CF

Cystoseira foeniculacea (Linnaeus) Greville f. foeniculacea

CFf

Cystoseira foeniculacea (Linnaeus) Greville f. latiramosa (Ercegovic) Gómez Garreta, Barceló, Ribera et Rull Lluch
Cystoseira mediterranea Sauvageau

CFl
CMe

Cystoseira sauvageauana Hamel

CSA

Cystoseira spinosa Sauvageau

CS

Cystoseira spinosa Sauvageau var. spinosa
Cystoseira spinosa Sauvageau var. compressa Cormaci, Furnari, Giaccone, Scamacca & Serio

CSs
CSc

Cystoseira zosteroides (Turner) C.Agardh

CZ

Sargassum acinarium (Linnaeus) Setchell
Sargassum vulgare C.Agardh

SA
SV
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Figure 90: Map of the Fucales distribution on the west side of Ischia, from Punta Imperatore (on the left) to
Sant’Angelo (on the right). In the frame the location of Scannella rock-pools, where the highest biodiversity
of the gulf is reached

During the survey, two forms of C. foeniculacea were recorded: C. foeniculacea forma
foeniculacea and C. foeniculacea forma latiramosa. Due to the difficulty to distinguish the two
forms in situ, in some cases the specimen was identified as C. foeniculacea (especially when it was
in very young stage or in bad conditions).
Specimens of the highly sensitive species C. spinosa were found in A, D, E sectors,
although with very low abundances. Generally deep Cystoseira spp. have been recorded below 1520 (in some sites even below 25) meters, except for the area between Pietra Nera and Baia di Citara
(Ischia, A sector) were many specimens of the species C. brachycarpa and some C. spinosa occur
from 0 to 10-12 m. Cystoseira compressa var. compressa in this site was occasionally found below
water mark, with few isolated specimens between 9 and 15 m.
An interesting contribution was given by citizens involved in the Progetto Fucales (Figure
91). Even if a low number (N=26) of people take part of the project, we received 29 replies from
underwater photographers (54%), kayakers (15%), fishermen (12%) and others (19%). Among
them, the percentage of records consistent and useful for the PhD thesis was 48% even if an
additional 28% well recognized the species but outside the study area. Only a lower percentage
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(24%) provided a wrong identification (fucoids were mistaken with other brown erect species such
as Sphacelariales or Dictyotales).

B

A

C

D

Figure 91: Pictures including Fucales specimens, gathered through the citizen project (A: Giampiero Liguori,
B, C, D: Edoardo Ruspantini)

In next paragraphs the current distribution of shallow and deep Fucales per each sector will
be displayed in georeferenced maps (Annex II and Table 14). The sewage outfall locations along
the coastline of Phlegrean Islands have been superimposed to the distribution maps.

Sector A: Ischia Procida and Vivara
A detailed list of sites of the shallow species recorded in this sector was reported in the
Annex II. Among them, 7 species occurred in the upper subtidal fringe while 8 were deeper.
Among the shallow records (Figure 92), C. compressa var. compressa was the most widespread
species among Cystoseira genus; in particular, this species was completely lacking on the north
side of the Ischia Island, between Punta Molino and Lacco Ameno. C. compressa var. pustulata has
been recorded in rock-pools at Zaro, Punta Imperatore and Scannella.
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Punta di Monte Vico
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Scogli
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Punta Molino
Forio

Baia di
Citara
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C. crinita
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Figure 92: Distribution of Cystoseira spp. along the coasts of Phlegrean Islands (Sector A). SO=Sewage
outfall

Cystoseira amentacea distribution was very fragmented and generally mixed with C.
compressa var. compressa. In the North side of Ischia (from Castello Aragonese to Punta di Monte
Vico) it was currently completely lacking. East and west population were completely isolated by
the presence of sandy beaches and the subsequent construction of harbours and marinas, overlaying
the natural rocks. However, C. amentacea reached along the coast of Ischia its highest abundance
in the gulf, mainly on the south-west side of the island: Punta Imperatore, Scannella, La Nave,
Chianare di Spadera, Scogli Lorio (Figure 90, 92).
A quantitative evaluation of C. compressa var. compressa the most abundant species around the
Ischia Island is reported in Figure 93.
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Figure 93: Distribution and quantitative evaluation of C. compressa var. compressa populations around the
shallow costs of Ischia Island. Colours correspond to six classes: 0 (absent, no observed individuals), 1 (rare
scattered individuals), 2 (abundant scattered individuals), 3 (abundant patches of dense stands), 4 (almost
continuous belts), 5 (continuous belts).

A quantitative evaluation of Cystoseira amentacea, the most sensitive species around the Ischia
Island is reported in Figure 94.
The two species C. amentacea and C. compressa var. compressa were the only taxa
recorded at water mark around the islands of Procida and Vivara (Figure 92), while other two
shallow species of Cystoseira were found around Ischia: they were C. crinita and C. brachycarpa
(Figure 92,95). Their abundance was extremely low all along the coastline.
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Figure 94: Distribution and quantitative evaluation of C. amentacea populations around the shallow costs of
Ischia Island. Colours correspond to six classes: 0 (absent, no observed individuals), 1 (rare scattered
individuals), 2 (abundant scattered individuals), 3 (abundant patches of dense stands), 4 (almost continuous
belts), 5 (continuous belts).
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Figure 95: Occurrence of C. brachycarpa (light blue) and C. crinita (dark blue) on the south western
coastline of Ischia Island.
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S. vulgare was recorded in shallow habitats of this sector A (Figure 92). It has a generally
spotted distribution: few specimens in about 20 sites. A peculiar and dense forest of S. vulgare was
present along the south and sheltered side of the Castello Aragonese (the bay between the Castello
Aragonese and Rocce di Sant’Anna), where CO2 vents decrease the pH of the water down to 6.7
(Hall-Spencer et al., 2008; Porzio et al., 2011; Chiarore et al., 2012). In this location the
populations were characterized by very long axis (more than 50 cm) thriving also in artificial rockpools among breakwaters, well developed between March and June (personal observations). This
species occurred also at Rocce di S. Anna, Lacco Ameno, Zaro, Scogli Lorio, Sant’Angelo and
Scannella. In this latter site located on the south of Ischia, the most interesting system of natural
rock-pools of the gulf was discovered and described. Three main rock-pools (A, B, C) were
distinguished and the largest pool (A) extended for an area of about 9.4 m2 (Figure 96). Here the
highest biodiversity of Fucales with 6 censed taxa was recorded (Table 13). The highly sensitive
species C. crinita has been found in all the three rock-pools.

Table 13: List of species recorded in the three Scannella rock-pools

Rock-pool A:

Rock-pool B:

Rock-pool C:

C. amentacea

C. amentacea

C. amentacea

C. brachycarpa

C. crinita

C. compressa

C. compressa var. compressa

S. vulgare

C. crinita

C. compressa subsp. pustulata

S. vulgare

C. crinita
S. vulgare
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Figure 96: Satellite Image from Google Earth showing the three largest rock-pools censed at Scannella (up)
and a picture of the largest pool A (bottom)

In Table 14 a list of lower subtidal sites where Cystoseira and Sargassum species, is
reported.
Among the deep species the occurrence of scattered and isolated plants of Cystoseira
foeniculacea was recorded at Scannella, Zaro and Capo Grosso (Figure 105). We have to mention
the record on the southwest side of the island (Pietra Nera, off Baia di Citara), of the unique
Cystoseira ‘forest’ recorded in the gulf. This site was represented by a tuff emerging rock with a
submerged platform of about 4,000 m2, less than 1 km far from the beach and located on a 15-20 m
depth sandy bottom (where is settled a dense Posidonia oceanica meadow); from 0 to 15m depth
the rock was covered by a dense C. brachycarpa population (Figure 97, 102). Further findings of
this species were those reported for Bell’Ommo, Il Faraglione, La Nave, Pietra Bianca, Punta
Imperatore, Punta Spaccarello, Scannella (Figure 102), in Ischia.
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Cystoseira spinosa (Figure 106, 107) was currently present with few individuals in many
sites along the island (Table 14): Banco d’Ischia, La Nave, Pietra Nera, Punta Imperatore, San
Pancrazio, and Scannella.
C. zosteroides has been reported for Secca di Forio, Sant’Angelo (Figure 109).
Sargassum vulgare is widespread around Ischia (Bell’Ommo, Capo Grosso, La Nave,
Pietra Bianca, Punta Imperatore, Punta Spaccarello, Scannella; Figure 111).
Deep populations of Sargassum acinarum were found at Il Faraglione, Punta San Pancrazio
and Scannella (Figure 110) and unidentified Sargassum sp. were reported for Secca delle Formiche
and many other sites around Ischia (Figure 112).
Comprehensive maps of all the deep species at the gulf scale are represented in the Figures 102112, at the end of the last shallow map of sector E.

Figure 97: C. brachycarpa forest at Pietra Nera
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Sector B: Pozzuoli Bay
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Figure 98: Fucales distribution in Pozzuoli Bay. SO=Sewage outfall

In this sector, 4 species occurred in the upper subtidal fringe (Ca, CCc, CA, CMe, SV) while no
deep species have been encountered. The east part of Pozzuoli Bay (Capo Miseno) hosted the
second most important population of Fucales in the gulf, mainly C. amentacea and compressa, with
spots and brief but dense belts of S. vulgare (Capo Miseno-Il Poggio). Also few specimens of C.
mediterranea were reported at Il Poggio, close to Bacoli (Figure 96).
In this sites thrived the north-westernmost spots of C. compressa of the gulf (in artificial
rocks of Miliscola beach, western from the Acquamorta closed lagoon) while C. amentacea was
absent in the entire Monte di Procida coastline. The first populations of this latter species have been
found close to Capo Miseno, in front of the white lighthouse.
In 2013, in the inner part of Pozzuoli Bay (east of Capo Miseno) was present a dense belt
of C. amentacea, documented by Mulas et al. (2013). Most of that belt has been buried by tons of
tuff because of a landslide which affected the site in March, 2015, changing the coastline
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landscape. Relict population still exist northward and southward of landslide, but has been reduced
at least of 50%.
S. vulgare was quite abundant in the Baia di Miseno, Punta Pennata, Il Poggio, and Marina
Grande di Bacoli. In the MPA of Baia, a little population of C. compressa was present at Punta
Epitaffio. No other species has been reported, apart for sporadic S. vulgare spots close to Arco
Felice railway stop. Surprisingly, close to a very degraded area, 700 m to Pozzuoli harbour, spots
of C. amentacea and C. compressa existed, exactly between Rione Terra and Lungomare via
Napoli (40.8203 N; 14,1204 E). Other spots of S. vulgare and C. compressa were present in
fringing rocky boulders here. The last spots of these species were about 1 km distant from the first
pontoon of the ex-Italsider industrial plant.
Buoyant axes of S. vulgare have been collected close to Torregaveta (North-western limit
of the B sector), an area interested by general moderate-high pollution and where dense mussels
communities completely cover all the rocks.
Regarding the deep species, notwithstanding the SCUBA diving surveys, no subtidal
species were found.
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Sector C: Naples Bay
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Figure 99: Fucales distribution in Naples Bay. SO=Sewage outfall

In the Sector C, 3 shallow species (CA, CC and SV) and no deep species were found. In
that sector there were still limited portions of coastline with well-developed belts of C. amentacea
(few meters) along Posillipo, especially close to ‘Sud Italia’ and ‘Rocce Verdi’ zones (Figure 97).
Sargassum vulgare was abundant in Baia di Trentaremi but spotted along the Posillipo
coastline. Despite the existence of many rock-pools in the area, no other species have been
reported. Many suitable rocks for shallow Fucales have been found between Torre del Greco and
Torre Annunziata, but they were totally covered by mussels.
Notwithstanding the high number of SCUBA diving surveys, no subtidal species were
found. It is important to remark the high occurrence of filter feeders, especially sea fans and sea
squirts (e.g. Leptogorgia sarmentosa and Halocynthia papillosa) and sciaphilous algal species, in
very shallow depth.
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Sector D: Sorrento peninsula
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Figure 100: Fucales distribution in Sorrento Peninsula. SO=Sewage outfall

Sorrento peninsula had spots assemblages of shallow Fucales (Figure 98). This could be
due to the high coastline and slope that are mainly present along the region. In total 4 shallow (CC,
CA, CBR and SV) and 6 deep species (CBR, CF, CSA, CS, CZ and SA) were found. The shallow
species were present with different abundances: C. compressa (the most abundant), C. amentacea
(spots) and few sites with S. vulgare close to Vico Equense. There were also some C. brachycarpa
specimens in few rock-pools at Fossa Papa. Cystoseira foeniculacea forma foeniculacea was found
in a rock-pool of few square meters (40.6344 N; 14.3515 E) close to Bagni della Regina Giovanna.
Detailed information for shallow species is available in the Annex II.
Regarding the deep species, CF (Cystoseira foeniculacea cfr. latiramosa) was found also in
sublittoral habitats in Mitigliano Bay at 20 m.
During the surveys, I found also few patches of Cystoseira zosteroides at Vervece Bank
(Figure 107), not previously reported. New findings were C. sauvageauana (Figure 106) in Cala di
Mitigliano and Sargassum acinarium at Vervece (Table 14).
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Sector E: Capri Island

Punta dell’Arcera

Punta del Capo

Bagni di Tiberio
1
2

Cala del Rio

Marina
Grande

=SO
2

C. mediterranea

1 1 C.
C.brachycarpa
brachycarpa

Punta
Masullo
1

1

Marina
Piccola
I Faraglioni
Punta Carena

Scoglio di
Marcellino

Figure 101: Fucales distribution around the Island of Capri (Sector E). SO=Sewage outfall

Along the coast of the island of Capri, 4 shallow (CA, CC, CBR and CMe) and 5 deep
(CBR, CC, CF, CSA and CS) species were recorded. Cystoseira amentacea and C. compressa were
widely distributed with fragmented populations. Cystoseira brachycarpa was spotted at low water
mark in Punta dell’Arcera; it was found abundant at Scoglio delle Sirene (Figure 99).
The distribution in this area of the shallow species was probably related to the presence of high
coast and no flat rocky zone (low slope) suitable for these species.
Some rock-pools were discovered, but the fucoids richness was less than those around
Ischia (Sector A).
Regarding the deep species, we found C. brachycarpa (Bagni Tiberio), C. compressa var.
compressa (Punta del Capo), C. foeniculacea f. foeniculacea (Punta del Capo, Scoglio della
Ricotta), C. sauvageauna (Punta Carena) (Figure 100, 101, 103, 104 and 106).
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Other deep species reported were the highly sensitive Cystoseira spinosa at Bagni Tiberio,
Punta dell’Arcera and Scoglio della Ricotta; in this last site C. spinosa var. spinosa and C. spinosa
var. compressa were both abundant (Table 14, Figure 104, 105).
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Figure 102: Occurrence of C. brachycarpa below the water mark in the study area (A) and in situ (B). Grey
dots represent the absence of the species. Red dots represent the presence of the species. Numbers in brackets
correspond to the semi-quantitative scale of abundance, from 1 (low) to 5 (high). For further information, see
Table 14
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Figure 103: Occurrence of C. compressa var. compressa below the water mark in the study area (A) and in
situ (B). Grey dots represent the absence of the species. Red dots represent the presence of the species.
Numbers in brackets correspond to the semi-quantitative scale of abundance, from 1 (low) to 5 (high). For
further information, see Table 14
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Figure 104: Occurrence of deep C. compressa var. pustulata below the water mark in the study area (A) and
in situ (B). Grey dots represent the absence of the species. Red dots represent the presence of the species.
Numbers in brackets correspond to the semi-quantitative scale of abundance, from 1 (low) to 5 (high). For
further information, see Table 14
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Figure 105: Occurrence of deep subtidal C. foeniculacea below the water mark in the study area (A) and in
situ (B). Grey dots represent the absence of the species. Red dots represent the presence of the species.
Numbers in brackets correspond to the semi-quantitative scale of abundance, from 1 (low) to 5 (high). For
further information, see Table 14
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C

Figure 106: Occurrence of C. spinosa in the study area (A) and in situ (C. spinosa var. spinosa, B; C. spinosa
var. compressa, C) below the water mark. Grey dots represent the absence of the species. Red dots represent
the presence of the species. Numbers in brackets correspond to the semi-quantitative scale of abundance,
from 1 (low) to 5 (high). For further information, see Table 14
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B

Figure 107: C. spinosa var. spinosa (A) and C. spinosa var. compressa (B) complete voucher herbaria (Photo
Gianfranco Sartoni)
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Figure 108: Occurrence of C. sauvageauna in the study area (A) and in situ (B). Numbers in brackets
represent the semi-quantitative scale of abundance (1=low; 5=high). For further information, see Table 14
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Figure 109: Occurrence of C. zosteroides below the water mark in the study area (A) and in situ (B). Grey
dots represent the absence of the species. Red dots represent the presence of the species. Numbers in brackets
correspond to the semi-quantitative scale of abundance, from 1 (low) to 5 (high). For further information, see
Table 14

177

Chapter 4

A

B
Figure 110: Occurrence of S. acinarium below the water mark in the study area (A) and in situ (B). Grey dots
represent the absence of the species. Red dots represent the presence of the species. Numbers in brackets
correspond to the semi-quantitative scale of abundance, from 1 (low) to 5 (high). For further information, see
Table 14
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B
Figure 111: Occurrence of S. vulgare below the water mark in the study area (A) and in situ (B). Grey dots
represent the absence of the species. Red dots represent the presence of the species. Numbers in brackets
correspond to the semi-quantitative scale of abundance, from 1 (low) to 5 (high). For further information, see
Table 14
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Figure 112: Current Sargassum sp. occurrence below the water mark in the study area. Grey dots represent
the absence of the species. Red dots represent the presence of the species. Numbers in brackets correspond to
the semi-quantitative scale of abundance, from 1 (low) to 5 (high). For further information, see Table 14
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Table 14: List of sites below the water mark monitored in the 2013-2016 survey, divided by
sectors. Classes of abundance of Fucales assemblages and of single species are reported (0=absent,
1=rare scattered individuals, 2=abundant scattered individuals, 3=abundant patches of dense stands,
4=scattered population, several patches covering several m2, 5=dense populations). Relative Site
Value (RSV) is derived by the product of the abundance of the Fucales and the abundance of each
species (★= 1 and ★=5)
Sector Site

FUCALES
abundance

Species
abundance

Bathymetric
interval

Relative Site Value
(RSV)

A

Bell'Ommo

1

CBR(1), SV(1)

18-23m

★★

A

Capo Grosso

1

CF(1), SV(1)

25m

★★

A

Il Faraglione

2

CBR(2), SA(2)

18-24m

★★★★

A

Banco d’Ischia
1

0

A

Banco d’Ischia
2

1

CS(1)

48m

★

A

Secca di Forio

1

CZ(1)

50m

★

A

La Nave

1

10-15m

★★★

A

La Nave (east
side)

1

29m

★

A

La Nave (outer
side)

1

30m

★★★

A

Le Camerate

1

CCp(1), CCc(1)

1-9m

★★

A

Pietra Nera

5

CBR(5), CS(2)

5-14m

★★

A

Pietra Bianca

1

CBR(1), SV(1)

5m

★★

A

Punta
Imperatore

3

30m

★★★★

A

Punta
Imperatore

2

18- 25m

★★

A

Punta San
Pancrazio

3

30-34m

★★★★★

A

Punta
Spaccarello

1

CBR(1), SV(1)

9-15m

★★

A

Sant’ Angelo

3

CZ(3)

25-38m

★★★

A

Baia San
Pancrazio

1

CSA(1)

10-31m

★

A

Scannella

2

A

Scannella

3

A

Secca del
Santuario
Secca del
Santuario 2
(Eliporto)

1

A
A

Secca Boa Gialla Lacco Ameno

30m

CBR(1), SV(1),
CCc(1)
CF(1), SV(1),
CS(1), CBR(1),
CC(1)
CBR(1), SV(1),
CS(1)

CBR(1), SV(1),
CS(1), CCp(3)
CBR(2), CS(1),
SV(1)
CS(1);
CZ(3);SA(1)

CBR(1), SV(1),
5-20m
CSc(1)
CBR(2), CSc(1),
5- 27m
SA(3)

★★

CCc(1)

★

9m

0

12m

0

12m

★★★★★

181

Chapter 4

182

A

Secca delle
Formiche

1

A

S. Anna

0

10m

A

Punta Solchiaro,
fino alla baia

0

0-35m

A

Pisciazza

0

15m

B

Capo Miseno

0

5-15m

B

Grotta di
Miseno

0

5-6m

B
B

Baia
Pozzuoli

0
0

6m
0-10 m

B

Isolotto di S.
Martino

0

0-10m

B
B

Bacoli
Punta Pennata

0
0

0-25m
10-20m

C

Secca San
Giovanni a T.

0

15-20m

C

Secca T.
Annunziata

0

35m

C

Secca Badessa

0

1-25m

C

Capo Posillipo

0

1-20m

C
C

Posillipo
Rocce Verdi

0
0

1-20m
1-20m

C

Casa degli
Spiriti

0

1-20m

C

Nisida west
side

0

1-20m

C

Nisida East
Side

0

1-20m

C

Porto Paone

0

1-20m

C

Santa Lucia

0

8m

C

Secca di
Nisida

0

20-25m

C

Banco Santa
Croce

0

9-40m

D

Cala di
Mitigliano

3

CBR (1), CFl(3),
19-25m
CSA(1)

★★★★★

D

Punta
Campanella

1

CS (1)

32m

★

D

Secca del
Vervece

2

CZ(2)

38m

★★

D

Vervece
Madonnina

1

CS(1), SA(1)

25-30m

★★

D

Punta del
Capo-Puolo

0

D

Punta di Massa

20m

D

Marina Grande

10-20m

E

Caterola-P.ta del
Fucile

13m

E

Scoglio del
Monacone

24m

CCc(1)

13m

28m

★
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E

Grotta Azzurra
W

E

Bagni Tiberio

2

CSc(2),CBR(1)

25-34m

★★★★

E

Punta Carena

2

CSA(2), CFf

28m

★★

E

Punta del Capo

2

CCp(2),
CCc(1),CFf(1)

14-15m

★★

E

Punta
dell'Arcera

1

CS(1)

20-24m

★

E

Scoglio della
Ricotta

3

CS(3), CFf(1)

27m

★★

38m
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4.2.3 An overview of the temporal changes that occurred in the different sectors
The current number of all the species reported per each sector (from 0 to 50 m) is
summarized in Table 15 and Figure 115.
The sectors with the highest biodiversity are those of Phlegrean Islands (A: 11 species in
total; CCp, CCc, CBR, SV and CF occurred at both depth intervals), Sorrento peninsula (D: 9
species; CBR occurred at both depth intervals), and Capri (E: 7 species; CBR and CCc occurred at
both depth intervals). An overall view of shallow and deep currents record of Fucales in the gulf
are represented in Figure 113-114.

C
B

A

A

D

E
=SO

Figure 113: Overview of current distribution of shallow Fucales in the Gulf of Naples (only the most
abundant species are evident in the map, represented in the legend). SO=Sewage outfall
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C
B

A

D

E

Figure 114: Overview of current distribution of deep Fucales in the Gulf of Naples (size of dots are different
in order to avoid the overlay between species from the same site)

A comparison between current and historical fucoid occurrence has been done (Table 15)
in which all the species found in the Gulf of Naples are reported.
A huge loss of biodiversity is reported in the gulf, in particular in the Sectors B and C
(Figure 113 A, B). Most of the HR not recorded in the HR re-survey (Chapter 3), have been not
recorded neither in the current survey (C. barbata, C. barbatula, C. dubia, C. funkii, C. sedoides,
C. tamariscifolia, S. hornschuchii) in any sector.
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Table 15: Summarizing table of the current (this Chapter) and historical (Chapter 3) distribution

Sector A

Current species
Shallow
Deep
CA

7

CBR
CCc

CBR
CCp

CF
CMe
CRIN

CF

8

CSA
CSs
CSc
CZ
SA

SV
CA

SV

Sector B

CCc

CMe

4

0

Historical Species
(lost taxa in red)
CA
CB
CBR
CC
CD
CF
CMe
CRIN

Change occurred
Nr of lost Species New records

4

CSs
CSc
CT
CZ
SA
SH
SV
CA
CB
CBR
CC
CD
CF
CMe
CSA
CSc
CSs
CSE
CT
CZ
SA
SH

11

SV

Sector C

CA
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3

0
CCc

CSA

CA
CB
CBB
CBR
CC
CD
CF

12

SV
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CMe
CSA
CSc
CSs
CT
CZ
SA
SH
SV
CA

SV
CA
CB

CBR

CBR

CC

CCc

Sector D

CBR

CF

CF
CFu

4

CMe
CRIN

6
CSA
CS
CZ
SA
SV
CA
CCc

CCp

CBR

CBR

5
CSA

CSs
CSc
CZ
SA
SH
CA
CC
CBR

Sector E

CD
CF

4

CMe

5

CF
CRIN

CSA
CS

5

CMe

CSA
CSs
CSc
CZ
SA
SH
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18

Nr of species

15

12

9

6

3

0

A

Sector A

Sector B

Sector C

Sector D

Sector E

Sector A

Sector B

Sector C

Sector D
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18

Nr of taxa

15

12

9

6

3

B
0

Figure 115: Historical and current number of species (A) and number of taxa (B) in the study area
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4.4 Discussion
The Gulf of Naples has undergone to huge cumulative impacts from different human
activities that are difficult to disentangle. These threats could be generally considered of lower
magnitude far away from the coast. The results here obtained on the current richness and
distribution of fucoid species seems to reflect the different human pressures exerted in the study
area: in the Sector C (from Naples to Castellammare di Stabia) the highest number of lost species
has been recorded. There are probably several reasons for the observed occurrence of Fucales and
the eutrophication could be one of them, mainly affecting the shallow stands.
The eutrophication of the Gulf of Naples is extensively known but data are mainly related
to Sectors B and C (Carrada et al., 1974; Ribera d’Alcalà et al., 1989); for the other sectors
temporal changes in the dynamics of nutrients are few (Lorenti et al., 2005; Zupo & Buia, 2000).
Moreover, many of the disappeared species are known to be species highly sensitive to nutrient
enrichment, such as C. mediterranea (Ballesteros et al., 2007; Mangialajo et al. 2008, 2012).
An evident change in the coastal land use comes from the analysis of the artificialization of
the coastline (Figure 116).

Figure 116: Artificial coast development for the different sectors (thick line) and sub-sectors (thin line) (from
Grech et al., 2015b, modified)
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Hard artificial structures have become ubiquitous features of coastal landscape as a
response to the increasing human development in maritime areas and to prevent the coastal erosion
(Chapman & Bulleri, 2003). In the Gulf of Naples the percentage of coastal transformation is a
third of its coastline (34%), approaching very quickly to the 50% (Chapter 2). In general, the
attention on the impacts that these artificial structures may have on the marine native ecosystems is
currently very poor (Chapman & Bulleri, 2003; Airoldi et al., 2005; Bulleri & Chapman, 2010;
Grech et al. 2015a).
Up to now, for the Gulf of Naples there are no quantitative data that correlate the changes
in biodiversity of benthic organisms and habitats to this kind of coastal transformation.
The loss of species that I have recorded seems to be enhanced by the fragmentation of
natural habitats. This loss probably may alter the connectivity among populations that in some case
can result geographically far each other. A project to study the genetic distance between some
fucoid populations at different spatial scale is ongoing at the lab of Ischia (Chiarore et al., 2015;
Kumar, 2015).
Fishing pressure, marine traffic and anchoring could also play an important role in the
reduction of fucoid richness. The first pressure could mainly produce mechanic damage on adult
thalli while the second one, with an increase of sediment suspension and water movements, mainly
close to entrance of harbours, could have a scouring effect on zygote settlement and juvenile stages
(Vadas et al., 1990; Serrao et al., 1996; Schiel & Forster, 2006).
All the above activities are widely taken into account in the mediterranean depletion of
Fucales by many authors (Munda, 1993; Airoldi &Beck, 2007; Mangialajo et al., 2008; Irving et
al., 2009; Sales et al., 2011; Thibaut et al., 2005, 2015a,b).
The cause of loss per each sector is sometimes difficult to establish, because it is probably
a synergic effect of multiple factors that resulted in this decline, but we can try to underline the
main most probable drivers.
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Sector A:
The Ischia Island currently hosts the highest biodiversity of the entire gulf (11 species and
14 taxa); in addition, CSA has never been reported until now in this sector. However, on its north
side the seven shallow species CA, CC, CBR, CBA, CRIN, CMe, SA present in the past were not
yet recorded. One explanation could be related to the highest percentage (52%) of coastal
development on this side, with the constructions of harbours and marinas and depleting this area of
suitable shallow rocky habitats for the settlement of fucoids. It is worth to note that on man-made
structures here (composed by less complex substrates) no Fucales have been found.
The loss of algae along this side of the island could also be related (with additive or
synergistic effect) to the outfall of the Volturno river (from the mainland) and to the several sewage
outfalls without treatments on this side of the island, where the most crowded cities are settled.
The distance from the mainland (that is relatively low and the islands are easily reached by
many people), the number of inhabitants and the coastal transformation seem the main factors
driving this loss. A comparison with the Capraia Island (Tuscany, Tyrrhenian Sea, Italy) seems to
confirm this hypothesis. This island in fact, has the same volcanic origin of Ischia, a similar coastal
length and surface (respectively 27 km and of 34 Km2) but it is farther from the mainland (55 km
against 9 km of Ischia) and it is less permanently populated (400 inhabitants against 60,000). As a
result, around the Capraia Island extended belts of C. amentacea, with very high mean coverage of
Cystoseira spp. almost all along the coastline occur (PNAT, 2016; Benedetti–Cecchi et al. 2012;
pers. obs.). Probably in Ischia the intense maritime commercial traffic contributed to negatively
affect both the water transparency of the north side, especially in the touristic season, from April to
October, close to main harbours (pers. obs.) and the scouring effect, with a dramatic effect
especially on the early life-history stages of these species. Unfortunately, despite the existent
literature of extra-Mediterranean brown algae (Vadas et al., 1990; Serrao et al., 1996; Schiel &
Forster, 2006) little information on the impacts that these pressures may have on the recruitment of
Mediterranean species are available (Irving et al., 2009). This interesting publication clearly
showed that sediment strongly affects recruits, virtually precluding recruitment of Cystoseira
barbata and greatly impacting the survival of recently settled germlings (up to 83% mortality). The
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result is quite surprising because C. barbata is a species that bears a certain degree of sediment
load and it is more tolerant respect to other species. Since any natural or human induced restoration
is highly dependent on the recruitment of early life stages, it would be interesting to test this
approach to other more sensitive Cystoseira spp. The results should be useful for the interpretations
of many cases of depletion reported in literature (Thibaut et al., 2005; Thibaut et al., 2015a,b;
Blanfuné et al., 2016).
In the study site, the disappearance of C. barbata, a species as above mentioned with a
higher level of plasticity respect to the high sensitive C. amentacea, could be related to the lack of
suitable habitats (sheltered zones) and peaks or persistence of huge pollution events in the past that
possibly depleted the species close to the water mark and/or extirpation due to fishing activities.
Cystoseira tamariscifolia disappeared from Ischia since the end of XIX century and no clear
explanations are available. As some other species, a possible incorrect taxonomic identification
may occur, but also actual collapse is a possible occurrence.
Another relevant loss of richness has been found for deep species, probably more affected
by the fishing pressure (that probably impacted from few to 70 m). This threat could be the cause
of the loss especially for Cystoseira dubia and Sargassum hornschuchii and the depletion of other
subtidal species. I have reported mainly isolated individuals of deep species and very few dense
populations, such as the records of isolated specimens of the highly sensitive Cystoseira spinosa
var. spinosa and Cystoseira spinosa var. compressa in the south west of Ischia. Most of the deep
records I reported were never cited before but unfortunately few specimens were found. Most of
the deep species can be probably considered relict specimens occurring in few sites (La Nave,
Pietra Nera, Scannella, and Punta Imperatore). In addition, many fishermen told me that in the past
(15-20 years ago) they found in their nets some algal species described as ‘that bearing spiny balls’
or that with ‘the texture of a succulent plant’ or ‘the fragrant seaweed’ that I easily identified
respectively as C. spinosa, C. zosteroides and Sargassum hornschuchii showing them some
pictures in the framework of the Citizen science project. They declared to fish these species quite
occasionally but very deep (70 m) in a site of Ischia (La Secca, Banco d’Ischia).
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Notwithstanding few trawling vessels are currently operating in the Sector A, the fishing
fleet is the second biggest in the study area, after Sector C. Despite these data (Fleet Register,
2012), we have no idea about the pressure of the past activities and the relative impacts. The
fishing fleet data evidenced a high number of gears that potentially can damage deep species. My
personal observations of specimens entangled with long lines and fish nets confirmed this
hypothesis (Figure 46 of Chapter 2, Figure 117). The fishing pressure around the Ischia Island

Figure 117: Recovery of an illegal fishing net in S. Angelo, Ischia (B.n.t. zone, Regno di Nettuno MPA) with
C. zosteroides entangled (tophules on the right are evident)

has been semi-quantitatively evaluated in this thesis for the first time. The occurrence of the unique
'true forest' of C. brachycarpa, in an area where many emergent rocks surrounded the sandy
bottom, seems to indirectly testify a lower role of artisanal fishery in that area.
The deep species are generally really sensitive to habitat alteration, with a K-reproductive
strategy and low growth rate. In good environmental conditions, these algae form dense forests
(Ballesteros et al., 1998) but they have reduced a lot their historical distribution from the past and
several seem to be close to extinction. Management measures for these species should be taken into
account for their conservation.
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Sector B:
In the B sector, 14 species were present in the past but currently only 4 species (all shallow
species) occur with a reduced distribution. This sector experienced an overall artificial coast
development of 49%. In many cases, the habitat loss depleted the occurrence of shallow species
and the current records of shallow species on artificial structures are very low, with patches of few
dm2 (generally very close to parental populations). In this sector, the so called Miseno Lake (that is
actually a coastal lagoon) has been for many years a dump of domestic waste. Despite that, an
attempt to a requalification of the area has started in the last 20 years: Bacoli area has been
equipped with a sewage network system redirected to the treatment plant of Cuma, northward
outside the gulf (Litorale Domizio). The output is composed by discontinuous treated waters (many
different areas of the Campania plain) that are transported by southward currents close to the north
coastline of Sector A and B (Casamicciola, Lacco Ameno, Ischia, Torregaveta, Procida, Monte di
Procida). Currently the CA assemblages are locally dense and it is possible that after a past period
of high disturbances (pollution, eutrophication) the shallow species are recovering (i.e. Bacoli,
Capo Miseno). Considering the current status of sewage treatment plant, the occurrence and
abundance is likely to increase in the future because of suitable habitat is available. The biggest
disturbance that probably is currently acting negatively on Fucales assemblages is the harvesting of
mussels and other animals; a widespread activity in the study area, commonly performed also in
MPAs (especially B and C sectors; Figure 118).

A

B

Figure 118: Effects of mussel harvesting (A) and artisanal device to scrape the rock, Gaiola MPA (Simeone
et al., 2010)
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The species below the water mark of this sector have totally collapsed (10 species
completely lost; Table 14). The impact of fishing activities in this area is comparable to Ischia ones
in term of number of vessels, but the categories of gill nets and long lines represent the most
common fishing gear compared to those operating around the Phlegrean Islands (Sector A). This
information probably contributed to a mechanical disturbance of the substrate year by year,
resulting in the depletion of all the deep species and acting synergically with eutrophication,
pollution and maritime traffics.
Mussel farming plants occurring in the area could have had a role in contributing to ensure
a local oligotrophic coastal condition since they are placed close to Fucales belts (mainly dense
populations of C. amentacea) and possibly they can filter many litres of water per day.
Unfortunately no data on chemical and physical characteristics of the water masses are yet
available for these populations. Anyway, this is an interesting hypothesis that could be taken into
account and deserving to be tested in the future.
Finally, considering recreational traffic, Bacoli and Baia have the highest number of
mooring places per harbour, being capable of receiving huge recreational boat traffic during spring
and summer.
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Sector C
After Romans that started to modify the environment with harbours and fishponds, this area
experienced a high anthropogenic impact. An intense coastline change occurred, with the highest
value of artificial development per sector: 63%. Here I recorded the highest loss of species: 11
Fucales species totally disappeared respect to the past records and moreover it was the sector with
the highest reported past biodiversity in the study area (15 species and 16 taxa).
The sector experienced high eutrophication due to the extremely urbanized area outfalls in
the period from 1950-1990 (Carrada et al., 1974, Ribera d’Alcalà et al., 1989). The toponymy
referring to some sites is clear (i.e. “Rocce Verdi” in Posillipo coastline, means green rocks i.e.
rocks covered by Ulva spp. and other Chlorophyceae, typical of eutrophic conditions or at least
with a high rate of fresh water inputs). Sometimes it is almost impossible to believe that in S. Lucia
(C sector) in the past, the high sensitive C. spinosa and C. zosteroides thrived here ‘until 7-8
meters’ (Valiante, 1883; Annex I).

Today the water appears many times brown and dense

communities of mussels and ephemeral algae cover the rocks. This area experienced an intense
pollution input in the past. Local people remember that up to 20 years ago the water was commonly
turbid in many sites. This turbidity close Posillipo probably has affected also the current vitality
and settlement of Posidonia oceanica meadows, previously mapped by Parenzan (1956) but now
replaced by dead matte (Simeone et al., 2016a,b).
A change in the trophic state of the coastal water, from bad to better conditions, could
indirectly testified by decrease in nitrophilic algal species such as Ulva spp., data obtained by
taking advantage of local ecological knowledge. Local people that I interviewed on the changes in
the last 30 years complained about the loss of Ulva spp. as it is a desired ingredient for traditional
Neapolitan dishes and now no more so conspicuous as in the past.
Currently, one of the most documented sources of sewage pollution inputs in the Posillipo
coastline is the Coroglio outfall, as widely discussed in the Chapter 3. The area between Naples
harbour-Torre Annunziata is interested by intense maritime traffic and by numerous discharges,
added to the occurrence of the mouth of the Sarno River (one of the most polluted river of Europe).
Here, articulated corallines, that generally extensively cover surrounding artificial structures, are
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replaced by a black carpet of mussels, with the highest density at S. Lucia, Naples harbour, Torre
del Greco, Ercolano, Torre Annunziata, Castellammare. In this area a high concentration of outfalls
was recorded (as represented in the map).
Another pressure that can have affected the settlement of fucoids in this area should be the
fishery pressure, that here is huge. The highest number of trawling vessels of the entire study area
is present here; gill nets are widespread and the occurrence of many ghost nets entangled to rocks
has been documented during our surveys. We investigated the area with different techniques (scuba
dives, ROV videos, technical diver videos) to detect the occurrence of deep species. However, no
fucoids were recorded as well as other benthic organisms, such corals, in the past intensively
harvested as reported by different authors (Mazzarelli & Mazzarelli, 1918; Bavestrello et al., 2014;
Angiolillo et al., 2015).

Sector D
The sector D registered a loss of 5 species CB, CFu, CMe, CRIN, SH; on the contrary
CSA, is a new finding. The artificial coastal development is low (15%) but the occurrence of
shallow species is probably naturally hampered by the calcareous cliff of the Sorrento peninsula.
Also for this sector, untreated sewage outfalls are common, as evidenced in Chapter 2.
Maritime traffic impact is very important and mainly related to touristic activities of Sorrento and
other little harbours. Commercial fishing pressure is relatively low compared to other sectors and
the effect seems to be evident in the high number of deep species (6).

On the opposite,

unfortunately, the harvesting of the date mussels, a forbidden activity, is still very common and
causes severe damage to benthic communities.
Thanks to the Citizen Science Program, by analysing Ruspantini’s pictures (a professional
photographer) the occurrence of a deep population of Sargassum cfr. acinarium has been reported
in Puolo.
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Sector E
This sector has been poorly studied in the past; in addition more recent data (Ribera
D’Alcalà & Russo, 2001) are referred to the occurrence of fucoids in general, without any
taxonomic identification. As a consequence, results presented in this thesis are the first relevant
baseline to detect any changes in their occurrence in the future. Seven specie have been currently
recorded (CA, CMe, CC, CF, CBR, CSA, CS) and CMe and CBR were never recorded before. On
the opposite, 5 species were not found again (CD, CRIN, CZ, SA, SH).
Artificial coast is almost nil (4%) and the unique known sewage outfall is located close to
the Blue cave (Grotta Azzura) on the north side of the island. Maritime traffic is very high,
especially during summer season, but the anchoring pressure (acting as mechanical disturbance)
seems lower compared to other sectors due to high depths close to the coast. We may infer that low
distance between isobaths and the oligotrophic conditions possibly guaranteed the conservation of
both shallow and deep populations from high levels of disturbance. In addition, also fishing
pressure can be considered very low: there are only two harbours and the fishing fleet is the
smallest of the entire study area. Main gear is represented by long lines; all the other categories are
scarcely represented and with the lowest number of involved vessels respect to the other sectors.
It is worth to note the occurrence of deep findings around the island of Capri. I found C.
sauvageauna at Punta Carena (28 m); this species has been recorded by several authors in very
shallow waters or a rock-pool, whilst in the gulf was historically mainly found in deep waters. Up
to now, this record should represent the deepest finding of this species in the gulf and probably in
the Mediterranean basin (Thibaut et al., 2015a). Another deep record is the most dense Cystoseira
spinosa var. compressa population of the gulf, close to ‘Scoglio della Ricotta’ (at 27 m depth): the
biggest assemblage of the entire study area.
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4.5 Conclusion
The loss of historical species, the low abundance of existing species and the lack of deep
subtidal forests in the Gulf of Naples seem to testify the missing of the structural and functional
role (Thibaut et al., 2005, 2015; Gianni et al., 2013; Blanfuné et al., 2016) that these species could
play along the coasts of the Gulf of Naples. The Neapolitan seascape experienced a shift to a less
complex Padina pavonica, Dyctotales, Stypocaulon scoparium, Laurencia spp. and Anadyomede
stellata assemblage with some ingression of non-indigenous species such as Asparagopsis spp.
(Figure 119), Caulerpa cylindracea that has been observed especially both in shallow and deep
habitats, in particular in the B, C, D sectors.

Figure 119: An example of the shift occurred in many shallow rocky habitats of the gulf (photo of 1985 is by
Ernico Gargiulo)

The survey performed along the shallow subtidal fringes can be considered exhaustive and
complete. On the other hand, the knowledge on deep populations cannot be considered completely
exhaustive at all, since we didn’t covered the entire seafloor surface of the gulf, but diving only in
the sites considered the most suitable for the species. However, these suitable habitats for deep
species have been generally found in limited areas, as evidenced by some authors (Hereu et al.,
2008; Thibaut et al., 2015a) and personal observations. Adverse mete-marine conditions didn’t
allowed me to dive in all sites I had scheduled for my thesis and the quality of ROV videos in some
sites was probably not very high to fill this gap. This is especially true for Cystoseira dubia,
considering its size and further investigations are desired.
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Moreover, there is a lack of historical density data as baseline for these species, because we
are referring to species collected by the beginning of XX century, mainly through indirect
collection methods (e.g. nets, dredges). This arise the question (really unlikely but theoretically
possible) if the current status was the same of historical one. The comparison with the current
status of other Mediterranean cases where Fucales commonly form dense forest (Spain, Italy,
France) it gave important insights. Probably the reason why, also in an area with favourable
conditions such as Ischia Island, these species are present only as rare and with scattered
individuals is because they experienced since historical times huge human disturbance that lead to a
huge depletion. Moreover the displacement of the food web through the overfishing of top
predators could also have an important role in the disappearance of the species through the increase
of grazers.
Recently Hereu et al. (2008) reported the occurrence of new previously unnoticed deep
Fucales assemblages, in one of the best studied Mediterranean areas, the Port-Cros National Park
(France). This site is clearly to be considered pristine respect to the Gulf of Naples and it is really
unlikely that the same patterns could exist in the gulf.
In light of these data, the deep Fucales forest could be considered as good indicators of
rocky seafloor disturbance, since they are capable of integrate through time the undergone pressure
suffered along many decades, displaying the status of sea bottom by the absence or occurrence (and
degree of occurrence) of their assemblages.
In conclusion, further monitoring activities (especially around Capri Island, understudied
until now) have to be implemented to increase our knowledge of Fucales biodiversity and
underwater seascapes, in order to calibrate future conservations efforts for these species.
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5. A quantitative assessment of Cystoseira
populations around the island of Ischia: a
baseline to detect changes in their dynamics
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5.1 Introduction
GIS mapping is a very useful and powerful tool to elaborate geographical data and detect the
status and distribution of coastal benthic communities. When cartographic mapping is performed at
a large spatial scale, is time and money consuming and it can be difficult repeat this effort at short
temporal scales and limited resources. The best strategy to monitor the temporal dynamics of
threated coastal systems, in particular those formed by habitat-forming species should be to select
some sectors at different anthropogenic impacts, quantify the different parameters (plant richness,
abundance, environmental factors) and follow them year by year.
Previous results (Chapters 2 and 3) highlighted historical changes of Cystoseira species and
the huge pressures undergone the Gulf of Naples; for some sectors some stressors seemed to be the
most relevant drivers of their regression. Around the island of Ischia, the most common and
widespread species was the less sensitive C. compressa but no past or current temporal nutrient
dynamics are known for the island.
One of the most important reported cause of loss triggering the decline of Fucales is
eutrophication indeed (Thibaut et al. 2006, 2015a), but generally long and wide spatial and
temporal datasets on nutrients are rarely available. The study area is not an exception, lacking of
coastal detailed data of nutrients, especially for those sites that are hardly reachable for sampling,
where there are currently concentrated the most dense Fucales assemblages. The unique long term
available data are the Marechiara LTER water station of SZN but not reflecting the coastal waters
patterns. It is of great interest so, to have a current status of Fucales assemblages coupled to
nutrient analysis at least along some strength of coast for future assessment, being this type of
analysis generally lacking for the island (Lorenti et al., 2005). Preliminary data of the current level
nutrients of some sites of the gulf (Ischia, Procida and Pozzuoli) have been performed by Mulas
(2013). Data referring to one day of sampling (punctual) with spatial replication seems to reveal
that the values measured in the gulf are not so high to justify the absence of Fucales in the coastline
and these data required further investigation.
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In order to yearly monitor some sites characterized by a higher algal richness and extension,
thanks to the results obtained from the Fucales mapping (Chapter 4) some different habitats of the
island of Ischia have been selected to detect changes over time of different Cystoseira populations;
they were localized in upper sublittoral belts, rock-pools and lower sublittoral stands. Four
different coastal habitats with different type of Fucales assemblage and degree of impacts of the
upper sublittoral habitat were investigated also through the inorganic nutrient analysis.

5.2 Material and Methods
Three different environments were selected: shallow belts (upper sublittoral belts), rockpools and deep stands (lower sublittoral forest).

5.2.1 Upper sublittoral belts
The sampling effort was focused on 12 stations randomly chosen along the island of Ischia,
excluding the north side (from Lacco Ameno to Punta Molino) and sandy shoreline where no
Fucales currently occur (Figure 120; Table 16). In order to characterize nutrient pattern of the
island, content in terms of NH4, NO2, NO3, PO4, SiO2 were assessed in 4 sites with different degree
of impact and Fucales assemblages. I monthly collected, from February 2016 to July 2016 (the
period of peak of these species), 5 samples of water in 4 different sites. Three of these are
coincident with 3 of the stations selected for the quantitative assessment (Rocce di S. Anna, ROS;
Zaro, ZAR; Scannella, SCA) and one was located in front of Villa Dohrn, SZN (Punta S. Pietro,
PSP). In this last station there are not currently reported Fucales assemblages, but C. amentacea
(highly sensitive species) was historically present in the rocks in front of the SZN Lab (Historical
Site; Buia pers. comm.).
Differences in nutrient concentration between sites (Si: fixed factor, with 4 levels: SCA,
PSP, ROS, ZAR) and months (Mo: fixed factor nested in Si with 6 levels: Feb, Mar, Apr, May,
Jun, Jul) were assessed by two-ways permutational multivariate analysis of variance
(PERMANOVA) based on Euclidean distance (Anderson, 2001a, b). Data were fourth root
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transformed. A post-hoc pair-wise test was performed within the factor ‘Site’. Significant
differences observed in the PERMANOVA, were tested by similarity percentages (SIMPER) based
on Euclidean distance in order to investigate the relative contribution of each nutrient to the
evidenced differences.

Figure 120: Cystoseira populations around Ischia selected for the quantitative assessment, * indicate the
location where nutrient analysis was performed (for the code numbers, see Table 16)

These sites were geo-referenced and a visual census technique (VC) was applied to
quantify and follow the dynamics of Cystoseira without damaging the local populations. For each
of the 12 stations a sampling survey was done along three transects 20 m long and some

Table 16: List of stations around the island of Ischia with upper sublittoral belts of Cystoseira spp. monitored
in 2014 (normal) and in 2016 (in bold the monitored transects also in 2016). * represent the stations where
nutrient analysis was performed
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Code

Sites

LAT N (DD)

LONG E (DD)

1

Castello NE

40.7322

13.9671

2

Castello E*

40.7298

13.9662

3

Pisciazza

40.7190

13.9642

4

P.S. Pancrazio S1

40.7036

13.9522

5

P.S. Pancrazio S1 bis

40.7016

13.9549

6

P.S. Pancrazio S2

40.7029

13.9558

7

S. Angelo S1

40.6955

13.8918

8

S. Angelo S2

40.6944

13.8914

9

Scannella*

40.7041

13.8610

10

Punta Imperatore

40.7109

13.8511

11

Zaro S1*

40.7574

13.8618

12

Zaro S2

40.7586

13.8641
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environmental features were assessed. In particular the slope of the substrate and the Continuity of
the Cystoseira spp. population were evaluated, this latter value representing the length expressed as
percentage along the transect where we encountered the genus (without distinction of the species).
At a smaller scale, for each transect, three quadrat (40 x 40 cm, Figure 121A) were used to evaluate
the number of species, their coverage and the algal canopy, by measuring the length of the main
axis in 3 random plants per quadrat (Figure 121B). The sampling transects performed between
April and May 2015 were recorded by means of a GoPro Hero 3+ mounted by a head strap, as
video evidence for future monitoring.

A

B

Figure 121: The Visual census (VC) methods performed in snorkelling for the 12 upper sublittoral belt
stations and by SCUBA diving for the Pietra Nera lower subtidal forest

The latter parameter has been selected as it was easily measured in the water, and it can
express the plant biomass (Ballesteros et al., 1998; Hereu et al., 2008).
Firsts measurements were performed in spring 2014 (12 stations). Two years later, in
spring 2016, the monitoring program was repeated but limited to 6 stations only, due to the bad
weather conditions (Table 12). The field procedures are represented in Figure 121B. The sampling
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transect was recorded by means of a GoPro Hero3+ that was mounted on an elastic head strap. The
video records have been realized as evidence for future monitoring.
For the determination of nitrate, nitrite, ammonia, orthophosphates and silicates water
samples (20 mL) where frozen at -20° C. The samples (N=5) were defrosted in a thermostatic bath
at 37° C and the analyses were performed by the technicians of the SZN, using a continuous flow
analyser (mod. Flow-Sys of Systea). The instrument is equipped with five continuous flux
channels. Analyses were performed according to Saggiomo et al. (2010).

5.2.2 Rock-pool
Due to the geomorphology of the island, rock-pools are not common along the coasts;
where the slope of the bottom less steep and some mass-rocks persist close to the surface it is
possible to find some pools where several fucoids coexist. The biggest rock-pool of the island is
found on the southwest side (Scannella; GPS coordinates: 40.703645° N; 13.861022°E) (Figure
96). It was mapped in 2015 during April (the period of maximum extension and growth of
canopies) by means of 10x10 cm quadrat and orthogonal photo measures with ImageJ. The cover
of each species was computed.

5.2.3 Lower sublittoral stands
The Pietra Nera site, on the southwest side of the island of Ischia, is the only true dense
infralittoral forest up to now recorded in the Gulf of Naples (Figure 97). This site is a tuffaceous
submerged shoal with an area of about 4,000 m2 with an emerging rock of 100 m2, less than 1km
far from the Citara beach and located on a 20 m depth sandy bottom (where a Posidonia oceanica
meadow is settled); from 0 to 15m depth the rock was covered by a very dense C. brachycarpa
population. Between 10 and 14 m depth, some C. spinosa var. spinosa specimens are present, too.
The density of this latter species was very low and spotted. We generally counted at least about 30
C. spinosa individuals per dive in the vicinity of transects, accounting for the whole site about 50
individuals distant each other from few decimetres to meters.
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Three random VC transects 20 m long and 1.5 m wide were performed in a depth range
between 8 and 12 meter (Figure 121).
Cystoseira spp. continuity was evaluated along each transect while to estimate the plant
cover and dynamics, three random 20 x 20 cm quadrat per transect were used and phenological
features such as coverage and canopy eight were measured. One sub-quadrat of 10 x10 cm per with
Cystoseira spp. have been scraped per each quadrat to follow the phenology of the species. To
obtain the dry weight, algal samples were put in the oven at 60°C until the constant weight was
obtained (24 h).
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5.3 Results
5.3.1 Upper sublittoral belts
C. compressa, C. amentacea, C. mediterranea and C. crinita characterized with different
abundance the 12 sites around the island of Ischia (Table 17). C. compressa was the only species
found to form monospecific dense belts and it occurred in all the sites.

Table 17: Upper sublittoral sites selected in 2014. Stations are listed with the order of number of species
detected (1, 2 or 3 species). In bold stations chosen for the two years later (2016) assessment. * indicates the
stations for which temporal nutrient analysis has been performed

Code
1
3
4
2
11
12
5
6
7
8
9
10

Stations
Castello NE
Pisciazza
P.S. Pancrazio S1
Castello E *
Zaro S1 *
Zaro S2
P.S. Pancrazio S1 bis
P.S. Pancrazio S2
S. Angelo S1
S. Angelo S2
Scannella *
Punta Imperatore

Species recorded

Year of
sampling

CC

2014

CC

2014

CC

2014

CC

CA

2014

CC

CA

2014, 2016

CA

2014, 2016

CC
CC

CMe

2014

CC

CMe

2014

CC

CMe

CC

CMe

CA

2014, 2016

CC

CMe

CA

2014, 2016

CC

2014, 2016

CA

CRIN

2014, 2016

The Cystoseira spp. continuity was not homogenous at all the localities and varied
spatially, when it was present, from a minimum mean value of 1% at Punta San Pancrazio S1 to a
maximum of about 98% at Punta Imperatore (Figure 122A). The coverage per each station varied
between 0% at Punta S. Pancrazio S1 and 89.4% at Punta Imperatore (Figure 122B). The continuity
of the belt seemed to be higher when the slope was low (r = - 0.58; p>0.001) (Figure 123). There
was a negative correlation also between number of species and slope of the coast (r = - 0.64;
p<0.001) (Figure 124) while a positive correlation between continuity and number of species (r =
0.52; p< 0.01) (Figure 125) was recorded; species richness was higher when slope was less steep.
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A

B

Figure 122: Continuity (A) and Coverage (B) along the transects of Cystoseira spp. in the 12 sites around the
Ischia Island (Mean±SE; nA=3; nB=9)
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Figure 123: Correlation between continuity and slope along 12 stations (n=36)
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Figure 124: Correlation between coastal slope and number of species along 12 stations (n=36). Number of
species: 1=CC; 2=CC, CA; 3=CC, CMe, CA or CRIN
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Figure 125: Correlation between continuity and number of species along 12 stations (n=36)
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Considering only the stations respectively with mono-specific (CC), bi-specific (CC+CMe;
or CC+CA) and tri-specific (CC+CMe+CA) populations (Table 17), the relationship between the
coverage and the slope was negative (CC: r = - 0.67; p<0.001; CC+CMe: r = - 0.43; p<0.05 ;
CC+CA: r = - 0.45; p<0.05; CC+CMe+CA: r = - 0.45; p<0.05).
Finally, considering all the species pooled together (Cystoseira spp.), the algal coverage
was correlated to the slope of the coastline (r = - 0.59; p<0.05; Figure 126).
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Figure 126: Correlation between the coverage and the slope of the substrate (n=108)

The variability of the length of the main axis of C. compressa, the most abundant species, at
different spatial scales revealed that this species has highest values of canopy height in Castello E
(12.5±1.0 cm) and Pisciazza (10.7±0.6 cm) as reported in Figure 127.
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C
Figure 127: Variability of the length of the main axis (canopy height) of C. compressa among sites (A),
transects (B) and quadrats (C) (mean ± SE.; nA=27, nB=9; nC=3)

212

Chapter 5
Re-survey of 6 stations (S. Angelo S1; S. Angelo S2; Scannella; Punta Imperatore; Zaro
S1; Zaro S2) were conducted during spring 2016 in the same period, to evaluate the first 2-years
later trend. A simple t-test to assess if differences in the stations after two years have occurred, was
performed and no temporal significant differences were detected either for the Continuity (t=0.46;
p>0.5) and the Coverage (t=0.46; p>0.5).
The nutrient analysis performed in 2016, revealed a low content of nutrients in the 4
different sites with peak of nutrients in ROS and PSP during March, June and July (Figure 128,129;
p<0.01, Table 18). Nitrates values were every time lower than 20 μmol/l (Figure 128), except for
one station (ROS) in one month (March). PERMANOVA indeed, evidenced highly significant
differences (Table 18).

Table 18: PERMANOVA nutrient results
Source df
SS
MS Pseudo-F P(perm)
si
3 50.028 16.676
4.1014
0.001
mo(si) 20 154.64 7.7318
1.9016
0.01
Res
96 390.33 4.066
Total 119
595

Unique
perms
999
999

Pair-wise test evidenced highly significant differences between the site ROS and SCA
(p=0.001) and between the site ROS and ZAR (p=0.002) (Table 19).The similarity percentages
(SIMPER) on the nutrient contribution for these differences revealed that nitrates (23.66%) and
ammonia (20.65%) are responsible of 44.3% of differences between ROS and SCA (Table 20);
silicates (27.65%) and nitrates (23.60%) are responsible of 51.2% of the differences between ROS
and ZAR (Table 21).
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Table 19: Pair-Wise test results for the factor Site (11=SCA, 12=PSP, 13=ZAR, 14=ROS)

PAIR-WISE TESTS
Term 'si'
Groups
t P(perm)
SCA,PSP 1.494
0.098
SCA,ZAR 0.70751
0.564
SCA,ROS 3.488
0.001
PSP,ZAR 1.5008
0.1
PSP,ROS 1.2918
0.205
ZAR,ROS 3.6562
0.001

Unique
perms P(MC)
998 0.127
998 0.566
998 0.001
999 0.122
998 0.209
998 0.002

Table 20: SIMPER result for nutrients explaining the differences of the Pair Wise test between SCA and
ROS

Group SCA Group ROS
Variable Av.Value Av.Value Av.Sq.Dist Sq.Dist/SD Contrib% Cum.%
NO3
-0.447
0.876
2.89
1.12
23.66 23.66
NH4
-0.383
0.336
2.52
0.62
20.65 44.31
PO4
-0.544
0.516
2.32
0.58
19.03 63.34
SiO2
-0.386
0.742
2.24
0.82
18.37 81.71
NO2
-0.546
0.527
2.23
0.79
18.29 100.00

Table 21: SIMPER result for nutrients explaining the differences of the Pair Wise test between ZAR and
ROS

Group ZAR Group ROS
Variable Av.Value Av.Value Av.Sq.Dist Sq.Dist/SD Contrib% Cum.%
SiO2
-0.687
0.742
3.01
0.97
27.65 27.65
NO3
-0.385
0.876
2.57
1.04
23.60 51.24
NO2
-0.4
0.527
2
0.73
18.34 69.58
PO4
-0.433
0.516
1.78
0.56
16.38 85.96
NH4
-7.5E-2
0.336
1.53
0.60
14.04 100.00
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Figure 128: N nutrient concentrations (% coverage; mean±SE, n=5) of ammonia, nitrites, nitrates, phosphates and
silicates for each site: Punta S. Pietro (PSP), Rocce di S. Anna (ROS), Zaro (ZAR), Scannella (SCA)
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Figure 129: N nutrient concentrations (% coverage; mean±SE, n=5) of ammonia, nitrites, nitrates, phosphates and
silicates for each site: Punta S. Pietro (PSP), Rocce di S. Anna (ROS), Zaro (ZAR), Scannella (SCA).
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5.3.2 Rock-pool
The biggest rock-pool hosting the species, located in Scannella, extended for an area of
about 8.6 m2 with an average of 30 cm and a maximum depth of about 100 cm; the area is covered
by different species and relative percentage is represented in Table 22 and Figure 130. The most
abundant species was C. compressa, with the variety C. compressa var. compressa and the
subspecies C. compressa subs. pustulata. Spots of S. vulgare were also present, but they seasonally
disappeared during late summer and winter.
Table 22: Coverage of the species thriving in the biggest Scannella rock-pool

Species
C. brachycarpa
C. compressa
C. crinita
S. vulgare
TOTAL

Coverage (m2)
1.36
5.04
1.96
0.05
8.41

%
16.2
59.9
23.3
0.59
100

C. brachycarpa
C. compressa
C. crinita

April 2015

S. vulgare
Figure 130: The biggest rock-pool of the Ischia Island (Scannella rock-pools) with different coverage of
Fucales species. All the photos have been gathered in April 2015
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5.3.3 Lower subtidal Forest
The continuity of Cystoseira distribution along transects at the Pietra Nera site varied
between 70 and 100% in the period June 2015 and June 2016. The coverage assessed in 3 different
periods in 2016 ranged between 69.4% in March and 83.3% in June (Figure 131A). The maximum
canopy height of C. brachycarpa has been recorded in March (8.5 cm), while for C. spinosa in
June (22.4 cm) (Figure 131B). The lowest biomass of C. brachycarpa was assessed in December
(266.2 g/m2 DW) and the highest in June (644.8 g/m2) (Figure 131C). A rough estimation of the
standing crop existing in the Pietra Nera station was assessed through the product between the
surface occupied by the tuffaceous submerged rock (4000 m2) and the biomass per square meter
obtained within the quadrat. The Pietra Nera Cystoseira forest (Figure 132), contribute to the total
organic matter of the system with the production of biomass values between 1.07 and 2.58 tons
between December and June.

Dec

A

Dec

Mar

C

Mar

Jun

B

Jun
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Mar

Jun

Figure 131: Seasonal phenological data of Fucales assemblages in Pietra Nera, Ischia. A) Coverage of C.
brachycarpa assemblages (% coverage; mean±SE, n=9); B) Canopy height of the two species present in
Pietra Nera: C. brachycarpa in blue and C. spinosa in black (cm; mean±SE, n=27). C) Dry weight (DW) of
C. brachycarpa (g/m2mean±SE, n=9)
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Figure 132: The two most abundant species recorded at Pietra Nera: C. brachycarpa (left) and C. spinosa var.
spinosa (right)
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5.4. Discussion
Highest values of continuity and coverage of Cystoseira spp. along the 12 stations are
found at Punta Imperatore, Scannella and Castello Aragonese.
The quantitative assessment of Cystoseira populations around the island of Ischia
evidenced also that the slope of the substrate seem to be one important environmental factor
affecting continuity, coverage and species richness: low slope (between about 0 and 45°) generally
means high continuity, high coverage and higher number of species.
C. compressa, the most abundant species occurring in all the 12 transects, has the highest
values of canopy height in Castello Est and Pisciazza.
Data about the 6 stations re-surveyed after 2 years, evidenced a short term relative stability
of the Cystoseira spp. belt in term of continuity along transects and coverage within quadrats.
Nutrient values of 4 different sites along the island displayed low values in general, with
some exceptions. The values in Punta S. Pietro in July look higher than at the other sites, with some
nutrient inputs during early spring (March) and early summer (June, July). In any case absolute
values in all the stations were not so high to justify a disappearance or a decline of Fucales, as it
has happened in Punta San Pietro in the last 30 years (Buia pers. comm.). The obtained nutrient
data are lower compared to other data in literature where Fucales species thrive (Pinedo et al.,
2015) and comparable with some data available for 2 Ischia sites of 15 years ago (Lorenti et al.,
2005). In this publication one station (less than 100 m from the sewage outfall) with C.
mediterranea coverage (same sensitivity of C. amentacea, i.e. very high) has nutrient values higher
than 1 μmol/l, with peaks of 5 for nitrates. Comparing also ammonium values they are always
higher than our results, with peaks of 33 μmol/l in August. Pinedo et al. (2015) conclude their work
reporting that C. mediterranea seems to be adapted to extremely low dissolved nitrates in seawater
being unable to resist the effects of heavy nitrates loading of 20 μmol/l, that, considering my
monthly sampling design, was recorded only one times during the entire survey, only in one
station.
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These data evidenced that currently the nutrient enrichment can be excluded from the
factors affecting the shallow population of Ischia, but without historical data on the past values of
nutrients all along the island is impossible to exclude a past nutrient enrichment role (at least
synergic) in the disappearance of Cystoseira amentacea in Punta San Pietro. However we can
hypothesize that other factors such as scouring effect and turbidity generated by intense maritime
traffic (the site is very close to the mouth of the main harbour of Ischia) could had an important
role in this decline, but further studies are needed to explore these assumptions.
The map of Scannella rock-pool evidenced that in April the highly sensitive species C.
crinita cover an area of about 25% of the entire pool. This species only thrive here with high
coverage and in other 2 close (but more little) rock-pools in Scannella. The sites represent a unique
place of dense occurrence reported for the entire Gulf of Naples.
Pietra Nera deep forest represent the site with the highest density of a Cystoseira species
(i.e. C. brachycarpa, almost totally covering the rocky shore) and about 50 spotted specimens of C.
spinosa. The sites represent a hotspot of biodiversity and biomass production that is incomparable
in the entire study area and, as evidenced by some authors, could be exported in different habitats
(Barreiro et al., 2011).

The preliminary data obtained in this study (continuity, coverage, canopy height, biomass,
nutrient data) will represent a valid quantitative baseline for future assessment along Ischia stations
(shallow habitat, rock-pool and deep forest).
The structural and functional role of Fucales is highly relevant when the stands are dense
and continuous, like at the Pietra Nera. Here indeed, a huge biomass of organic matter, can be
partially available for the contiguous ecosystem or exported (being Cystoseira a deciduous species)
and representing an amount of food or shelter with a complex three dimensional habitat for many
organisms.
A continuous monitoring programme of these stations could be helpful for the next future
in the detection of slight changes as early warning signals: an ecological indicator until molecular
and microbiological tools will be developed for these species.
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The results obtained in this Chapter will provide a valid clear reference point for future
temporal assessment of the species, that could be possibly implemented and integrated with
physiological, phenotipical and reproductive studies, for example with the response of global
change through transplant of model species (i.e. C. amentacea, C. brachycarpa, S. vulgare) in the
acidified site of Castello Aragonese, as literature seems to show different pattern of response of
Fucales to ocean acidification (Bellissimo et al., 2014; Baggini et al., 2014; Porzio et al., 2017;
Kumar et al., 2017).
Moreover, it is expected that the future conditions will be different considering that the
treatment plants of the island will hopefully be increase and will go soon into operation. Despite
this possible trend, many other assemblages are under increased threat.
The biodiversity hot-spot of Scannella site is susceptible of disturbance since the ongoing
development of a beach club that year by year is increasing its surface and spreading along the
coastline, directly discharging sewage into the sea (about 100 m apart) and adding concrete, with
the aim to flatten the coast for touristic purpose (i.e. solarium, artificial swimming pools). This
disturbance will probably increase in the future considering the shift activity from beach club to
hotel accommodation recently occurred here and this case is worth of consideration.
Finally, in the near future, new surveys should be considered also for the northern side of
Ischia in order to evaluate possible propagation of the species from surrounding areas.
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6. Top-down pressures
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6.1 Introduction
The Fucales assemblages in the Gulf of Naples experienced different types of stressors
from the beginning of the 20th century to nowadays. These stressors (with huge impacts at different
levels of biological organization) can be distinguished in biotic (e.g., grazing, competition with
other species) and abiotic threats (e.g. eutrophication, chemical pollution, scouring). Many authors
stressed the importance of these factors in the loss, maintenance and restoration of Fucales (Airoldi
& Beck, 2007; Mangialajo et al., 2008; Verges et al., 2009; Thibaut et al., 2015a,; Pinedo et al.,
2015).
The main result from the revision of the pressures and impacts in the Gulf of Naples (Chapter 2) is
the lack of a continuous and long temporal series of data on biotic and abiotic processes (i.e.
grazing pressure and nutrients). This is especially true in those sites that, in spite of being far from
the metropolitan area, have experienced, over the last 50-60 years, an intense coastal development,
such as the islands of Ischia and Procida (Sector A). In this sector, the highest Fucales diversity is
present. In many of these sites, shallow and deep Historical Records were completely erased
(Chapter 3). The northern shallow seafloor of Ischia lost many suitable habitats for these species,
today replaced by artificial barriers or concrete structures or disconnected from natural habitats.
Vivara Island seascapes, 40 years ago, were described to host a well-developed belt of C.
mediterranea, Balanus perforatus and Mytilus galloprovincialis (Cinelli, 1976b). All around the
island, at 7-10 m depth, the species C. crinita was among the most abundant species, but today has
totally disappeared. Despite the present evaluation of coastal changes, we could not obtain
information about all the abiotic, biotic factors possibly involved in such declines and their
historical dynamics. Barren grounds due to sea urchins overgrazing that could have occurred at
local scale in different zones of the gulf were not found in this study. Analogously, there is no
evidence of increases of herbivorous fishes such as Sarpa salpa in the last 100 years, but
observations around the Ischia CO2 vents suggest an increased grazing pressure by this species in
acidified conditions (Garrard, 2013; Scipione & Garrard, 2013; Scipione et al., 2015). Moreover,
an increased abundance of the meso-grazer Ampithoe raimondi is reported in acidified waters
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(Scipione pers. comm.). This species belongs to a family of Amphipoda theoretically feeding on
macroalgae, as indicated by extra-Mediterranean literature and normally explained with the effect
of higher acidification leading to higher grazing activity of this group. Finally, the competition of
Fucales with other species, possibly coupled with increased nutrients, higher turbidity, organic
matter inputs due to sewage outfall may also play a role in the decline of these habitat-forming
species. Within this complex context, we focused our attention on grazing as one of the most likely
processes driving the documented depletion of Cystoseira spp.
Sea urchins represent a main food item for Sparid fishes (i.e., Diplodus spp.) (Guidetti,
2006) which can, therefore, exert a strong control over sea urchin populations (Sala et al., 1998).
Sea urchins, when at high densities, can remove large patches of erect algae and induce the
formation of coralline barrens (Verlaque, 1987). Currently, the Mediterranean Sea is very far from
its pristine condition, also due to a long history of fishing. Specifically, small to medium-sized
consumers (e.g. sea breams) are the most abundant and biggest predators left, thus representing the
main actors shaping coastal benthic communities. On the contrary, historical reconstructions depict
abundant populations of large carnivorous fishes, including sharks (top predators), in coastal areas
(Prato et al., 2013).
Taking into account the relative abundance of Fucales and their frequency of occurrence
during the present surveys, the most common upper subtidal species were C. compressa and C.
amentacea. Sea urchins seem to have different patterns of correlation with these two species,
tending to be more abundant in the presence of C. amentacea and less abundant in the presence of
C. compressa (Mulas, 2013). Nevertheless, the actual cause/effect relationships have not yet been
clarified; it could be predicted, however, that such patterns are related to a different level of human
harvesting of sea urchins in areas dominated by these algal species, or to a different their
palatability.
Sea urchins are usually considered generalist herbivores (Verlaque, 1987; Cacabelos et al.,
2010), but some preference behaviours were reported (Neil & Pastor, 1973; Boudouresque &
Verlaque, 2001). It is noted, in particular, that sea urchins can actively select for some seaweed
species over others, possibly due to the nutritive value and physical/chemical properties of different
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food items (Frantzis & Gremare, 1992). Some studies on feeding behaviour have demonstrated a
non-random association between grazers and macroalgae (Strong et al., 2009; Monteiro et al.,
2009). Food preference in P. lividus has been mostly assessed through aquarium experiments,
where individuals were exposed to two items in similar and non-limiting amounts (reviewed by
Boudoresque & Verlaque, 2001). Further information on this topic come from comparisons of the
abundance of each type of food in the gut content of urchins and the diversity of the habitat in
which individuals were collected (Boudoresque & Verlaque, 2001).
In the study area, a third species of Fucales, C. brachycarpa, was found as the most
frequent in the lower subtidal (Chapter 4). In the most dense C. brachycarpa stand (Pietra Nera,
Sector A), sea urchins showed locally very big size and relatively high densities (about 10-12 m2).
Anyway, we did not find densities of P. lividus that are known to determine the formation of barren
grounds (Verlaque, 1984; Orlando-Bonaca & Mavric, 2014).
A common food item for sea urchins is the seagrass Posidonia oceanica. It is also
widespread in the study area (Ischia, Sector, A), with a very high coverage between 1 and 35 m
depth. In Mediterraean Sea, it creates the most frequent habitat within this bathymetrical range,
where it commonly coexists with Cystoseira spp.
In order to test whether higher palatability of some macrophytes could be responsible for a
higher intensity of grazing and, consequently, of their regression, feeding preference experiments
were conducted, following the experimental approach of Cacabelos et al. (2010), modified
according to the specific hypotheses and type of data involved in the present study. Experiments
were performed in the laboratory with the sea urchin P. lividus, a keystone herbivore species of
Mediterranean rocky assemblages (Tomas et al., 2010). Four different food items (C. amentacea,
C. brachycarpa, C. compressa, P. oceanica) were offered either alone or paired. Food consumption
in each single vs. combined condition, as well as the chemical content of each macrophyte, were
analysed.

226

Chapter 6

6. 2 Material and methods
Three fucoid species C. amentacea (CA), C. compressa (CC), C. brachycarpa (CB), and
one seagrass P. oceanica (PO) were chosen for the experiment. The first two species formed
shallow intertidal belts around the Ischia Island, but are known to have different ecological
sensitivity (Mangialajo et al., 2008). Cystoseira brachycarpa is the most widespread lower subtidal
fucoid species in the study area and it occurs at the same depth range (3-25m) of P. oceanica, the
most common seagrass in the area.
Feeding assays were performed using fresh pieces of macrophytes collected from the same
area to avoid variation in physical and chemical properties among populations of each species. All
the species used in the experiment were collected the same day in order to reduce possible changes
in their chemical content after detachment, and were kept in tanks with flowing seawater until the
start of the subsequent experimental manipulations. The same portion of the plants were offered to
grazers: median-apical fronds for Cystoseira spp. and intermediate green leaves (2nd or 3rd in the
shoot) for P. oceanica, in order to avoid differences in toughness and chemical contents (see also
Cacabelos et al., 2010).
P. lividus was chosen for being a generalist herbivore and one of the few organisms feeding
on P. oceanica leaves. Sea urchins were collected from the same site (in front of the lab) in order to
avoid any additional stress, kept in tanks, and starved 2 days before the experiment. According to
Pavia et al. (1999) individuals of similar size were used to minimize feeding differences. A mean
test diameter of 40 mm, corresponding to 4-5 years age (Verlaque, 1984; Boudoresque & Verlaque,
2001) was selected.
The tanks with plants and sea urchins were maintained at the natural seawater temperature
(about 19°C) in an open aerated system exposed to natural light-dark cycle. Feeding assays were
conducted in late May-beginning of June, when all the Cystoseira species were abundant.
The following two experimental conditions (levels of 'treatment') were established
according to the number of macrophytes (one or two) offered to a single individual of P. lividus:
'single' (each species presented alone) and 'combined' (all possible pairs). For each of these
227

Chapter 6
conditions, the proportional consumption of each species when presented either alone or associated
to another species was estimated after 24 h. Such estimates were calculated by comparing the
weight of each piece before and after the experimental period (blotted weight, BW), after
correcting for the autogenic loss of biomass estimated from other control tanks where the same
experimental treatments were established, but without grazers (Cronin & Hay, 1996). The total
macrophyte biomass (3 g) offered to the grazer at the beginning of the experiment was the same in
'single' and 'combined' levels. The experiment was repeated twice (hereafter indicated as Run1 and
Run2). Each repetition of the experiment consisted of a net breeder of 3.5 l (transparent PVC
aquaria) where each single-macrophyte or combined-macrophytes treatment was offered to one sea
urchin separately. Three tanks (approximately 500 l each) for each set of interspersed treatments
and experimental repetitions were used and filled with aquaria (Figure 133).

'Single' level:

'Combined' level:

Figure 133: Feeding choice experimental design, composed by 'single' and 'combined' level of treatment

At the beginning and at the end of the feeding experiments six small parts (about 2 g FW)
of each macrophyte were collected for the analysis of the Total Phenolic Content. According to
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Singleton & Rossi (1965), who modified the Folin-Ciocalteau’s procedure, the total phenolic
content was calculated and expressed in terms of mg of gallic acid equivalents (GAE) per g of dry
weight (DW).
Furthermore, Total C and N contents of macrophytes were determined by combustion. The
analyses were performed with a Thermo Scientific FlashEA 1112 automatic elemental analyser
(Thermo Fisher Scientific, Waltham, MA, USA), following the procedure described by Hedges &
Stern (1984). Acetanilide was used as standard.

Statistical analysis
The quantity of each plant tissue consumed by sea urchins was derived from the difference
between the BW measured in each treatment before and after the grazing activity (24 h
experimental period).
For each species, a set of three analyses of variance (ANOVA) were performed, based on a
three-way model including the following factors: Treatment ('single vs. 'combined', corresponding
to that species presented alone or together with one of the other three species, respectively), fixed;
Tank (3 levels, orthogonal and random); Run (2 levels, orthogonal to both Treatment and Tank),
random. The absence of a preference (null hypothesis, H0) for one type of food compared to each
other would be identified by a similar proportion of that item consumed when presented alone and
when presented together with another item (Table 23). The interaction Treatment x Tank x Run
was examined to test for the consistency of the possible grazer's preference among different tanks
and between experimental repetitions.
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Table 23: Example of H0 hypothesis of no preference of one macrophyte species, when offered alone (Sp. 1)
or in combination with another species (Sp.2, Sp.3 or Sp.4). Each H0 hypothesis applies to all 4 species (CA,
CB, CC, PO) examined.

Ho: No preference of Sp.1 among other 3 species (Sp.2, Sp.3 or Sp.4)


Sp.1 = Sp.1-Sp.2
The proportion of Sp.1 consumed when presented alone is equal to the Sp.1 proportion
consumed when presented together with Sp.2



Sp.1 = Sp.1-Sp.3
The proportion of Sp.1 consumed when presented alone is equal to the Sp.1 proportion
consumed when presented together with Sp.3



Sp.1 = Sp.1-Sp.4
The proportion of Sp.1 consumed when presented alone is equal to the Sp.1 proportion
consumed when presented together with Sp.4

Unfortunately, some replicates were lost during the experiment. Missing replicates were replaced
by the average of the remaining replicates in the corresponding combination of factor levels and the
degrees of freedom were adjusted as appropriate. For each ANOVA the assumption of
homogeneity of variances was tested with Cochran's C test and data were transformed when
necessary. When heterogeneous variances could not be stabilized by transformation, data were left
untransformed and non-significant results were interpreted as robust (Underwood, 1997). The
Student-Neuman-Keuls (SNK) test was used for post hoc comparisons of means, were relevant. In
addition, a two-way ANOVA was performed to test any differences in polyphenolic content among
macrophytes (4 levels: CA, CB, CC, PO) and sampling times (2 levels, before and after feeding
experiment).
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6.3 Results
The percentage of consumption among replicates varied between 1% and 53% when the
item was offered alone and between 0.2% and 83% when in combination with another species. The
overall average consumption of P. lividus was about 0.356 g (BW). The mean percentage of autoconsumption of each species varied between a minimum of 4.32% in CA to a maximum of 8.19%
in CBR (Figure 134). These differences have been used, separately for each experimental
condition, to correct the weights actually consumed by the grazers.

BW self-consumption (%)

10

8

6

4

2

0
CA

CB
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PO

Figure 134: Self-consumption per each species (% of total weight; mean ±SE, n=96)

P. lividus showed no wide preference for any of the food items, as indicated by the total 12
ANOVA documenting, in most cases, either non-significant tests or significant effects of the
treatment (Tr) varying depending on tanks (Ta) and/or runs (Ru). The only consistent (across all
tanks and runs) significant result is the higher consumption of PO when presented alone compared
to when it was presented together with CA (Table 24). The ANOVA results for each comparison
(one species alone versus two species together) are shown in Tables 25-36 and the eaten proportion
(expressed as the percentage of consumption) in each combination of experimental factors are
displayed in Figures 135-146, including the results of relevant post hoc SNK tests.
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Table 24: Summary of significant results of ANOVA tests on the sea urchin’s preference (*=p<0.05;
**=p<0.01)

Single
level:

Combined
level:

ANOVA result

CA
CA
CA

vs. CA-CB
vs. CA-CC
vs. CA-PO

No signif. results
No signif. results
TrxTaxRu

CB
CB
CB

vs. CB-CA
vs. CB-CC
vs. CB-PO

TrxTaxRu
No signif. results
No signif. results

CC
CC
CC

vs. CC-CA
vs. CC-CB
vs. CC-PO

No signif. results
TrxRu
Tr xTaxRu

PO
PO
PO

vs. PO-CA
vs. PO-CB
vs. PO-CC

Treatment
No signif. results
No signif. results
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Factor levels
combination

CA < CA-PO

Ta2-Ru1**

CB > CB-CA

Ta1Ru2*; Ta3Ru1**

CC > CC-CB
CC > CC-PO

Ru2*
Ta1Ru2**; Ta2Ru2*

PO > PO-CA

Tr*
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Table 25: Results of three way ANOVA between CA vs. CA-CB

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
36

MS
557.4850
111.1946
468.6026
55.3061
279.2121
156.6692
40.7876
133.6898

F versus
TrXRu b
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

F
2.00
0.71
2.99
1.36
6.85
1.17
0.31

Cochran's test: C= 0.209 (p>0.05)
Transformation: None
b=tested over the TrxRu MS after elimination of the TrxTa term which was not significant at p>0.25
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Figure 135: Proportion (mean+SE) of C. amentacea consumed when presented alone (grey) or together with
C. brachycarpa (white) in each combination of Tank and Run. The numbers (n) at the bottom of each bar
indicate the replicates used to calculate each mean
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Table 26: Results of three way ANOVA between CA vs. CA-CC

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
35 a

MS
10.8689
184.3687
1528.6665
105.564
1166.9449
99.5504
241.1631
161.9414

F
0,01
1.85
15.36
0.44
4.84
0.63
1.53

F versus
TrXRu b
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C= 0.176 (p>0.05)
Transformation: None
a=Degrees of Freedom corrected for missing data
b=tested over the TrxRu MS after elimination of the TrxTa term which was not significant at p>0.25
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Figure 136: Proportion (mean+SE) of C. amentacea consumed when presented alone (grey) or together with
C. compressa (white) in each combination of Tank and Run. The numbers (n) at the bottom of each bar
indicate the replicates used to calculate each mean
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Table 27: Results of three way ANOVA between CA vs. CA-PO (*=p<0.05; **=p<0.01; ***=p<0.001)

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
35 a

MS
233.8166
448.7266
2202.9484
195.0617
1763.8310
606.2550
714.6332
197.9533

F
0.00
0.74
3.63
0.27
2.47
3.06
3.61*

F versus
NO TEST
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C= 0.178 (p>0.05)
Transformation: None
a=Degrees of Freedom corrected for missing data

BW consumption (% biomass)
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Figure 137: Proportion (mean+SE) of C. amentacea consumed when presented alone (grey) or together with
P. oceanica (white) in each combination of Tank and Run. Different lowercase letters above bars indicate
significantly different means according to SNK test. Note: only comparisons between treatment levels in
each combination of Tank and Run are appropriate. The numbers (n) at the bottom of each bar indicate the
replicates used to calculate each mean

235

Chapter 6
Table 28: Results of three way ANOVA between CB vs. CB-CA (*=p<0.05; **=p<0.01; ***=p<0.001)

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
34a

MS
5.2500
1.8870
5.5235
0.3805
0.0091
0.7887
1.6827
0.4386

F
0.00
2.39
7.00
0.23
0.01
1.80
3.84*

F versus
NO TEST
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C= 0.299 (p>0.05)
Transformation: Ln(X+1)
a=Degrees of Freedom corrected for missing data
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Figure 138: Proportion (mean+SE) of C. brachyarpa consumed when presented alone (grey) or together with
C. amentacea (white) in each combination of Tank and Run. Different lowercase letters above bars indicate
significantly different means according to SNK test. Note: only comparisons between treatment levels in
each combination of Tank and Run are appropriate. The numbers (n) at the bottom of each bar indicate the
replicates used to calculate each mean
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Table 29: Results of three way ANOVA between CB vs. CB-CC

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES
TOT

DF
1
2
1
2
1
2
2
35a
46

MS
587.4804
346.0743
1718.8376
290.7399
14.6286
825.7291
27.2085
257.1320

F
2.28
0.42
2.08
10.69
0.54
3.21
0.11

F versus
RESb
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C= 0.313 (p>0.05)
Transformation: None
a=Degrees of Freedom corrected for missing data
b=tested over the TrxRu MS after elimination of the TrxTa term which was not significant at p>0.25
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Figure 139: Proportion (mean+SE) of C. brachyarpa consumed when presented alone (grey) or together with
C. compressa (white) in each combination of Tank and Run. The numbers (n) at the bottom of each bar
indicate the replicates used to calculate each mean
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Table 30: Results of three way ANOVA between CB vs. CB-PO (*=p<0.05; **=p<0.01; ***=p<0.001)

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
36

MS
253.7924
282.0878
393.3461
582.6800
647.7357
1122.4817
282.3023
131.7249

F
0.90
0.25
0.35
2.06
2.29
8.52***
2.14

F versus
TrXTaXRub
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C = 0.2568 (p>0.05)
Transformation: None
b=tested over the TrxRu MS after elimination of the TrxTa term which was not significant at p>0.25
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Figure 140: Proportion (mean+SE) of C. brachyarpa consumed when presented alone (grey) or together with
P. oceanica (white) in each combination of Tank and Run. The numbers (n) at the bottom of each bar
indicate the replicates used to calculate each mean
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Table 31: Results of three way ANOVA between CC vs. CC-CA (*=p<0.05; **=p<0.01; ***=p<0.001)

Source

DF

MS

F

F versus

Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

1
2
1
2
1
2
2
34a

78.9560
0.0132
2.8580
1.7757
2.1531
1.1215
1.6730
1.0982

4.72
0.01
19.49*
1.06
1.29
1.02
1.52

TrXTaXRub
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C =0.295 (p>0.05)
Transformation: Sqrt(X+1)
a=Degrees of Freedom corrected for missing data
b=tested over the TrxRu MS after elimination of the TrxTa term which was not significant at p>0.25
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Figure 141: Proportion (mean+SE) of C.compressa consumed when presented alone (grey) or together with
C. amentacea (white) in each combination of Tank and Run. The numbers (n) at the bottom of each bar
indicate the replicates used to calculate each mean
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Table 32: Results of three way ANOVA for the comparison CC vs. CC-CB (*=p<0.05; **=p<0.01;
***=p<0.001)

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
33a

MS
503.8453
45.9875
1.8620
101.7351
840.9595
288.7000
34.0408
78.2448

F
0.60
0.16
0.01
2.99
24.70*
3,69*
0,44

F versus
TrXRub
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C = 0.305 (p>0.05)
Transformation: None
a=Degrees of Freedom corrected for missing data
b=tested over the TrxRu MS after elimination of the TrxTa term which was not significant at p>0.25

BW consumption (% biomass)
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Figure 142: Proportion (mean+SE) of C. compressa consumed when presented alone (grey) or together with
C. brachycarpa (white) in each Run. Different lowercase letters above bars indicate significantly different
means according to SNK test. Note: only comparisons between treatment levels in each Run are appropriate.
The numbers (n) at the bottom of each bar indicate the replicates used to calculate each mean
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Table 33: Results of three way ANOVA between CC vs. CC-PO (*=p<0.05; **=p<0.01; ***=p<0.001)

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES
TOT

DF
1
2
1
2
1
2
2
33a
44

MS
400.8875
38.5903
34.3808
239.6711
600.2660
240.1118
241.6000
59.4876

F
0.00
0.16
0.14
0.99
2.48
4.01*
4.04*

F versus
NO TEST
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C = 0.255 (p>0.05)
Transformation: None
a=Degrees of Freedom corrected for missing data
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Figure 143: Proportion (mean+SE) of C. compressa consumed when presented alone (grey) or together with
P. oceanica (white) in each combination of Tank and Run. Different lowercase letters above bars indicate
significantly different means according to SNK test. Note: only comparisons between treatment levels in
each combination of Tank and Run are appropriate. The numbers (n) at the bottom of each bar indicate the
replicates used to calculate each mean
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Table 34: Results of three way ANOVA between PO vs. PO-CA (*=p<0.05; **=p<0.01; ***=p<0.001)

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
23^a

MS
2.244,5816
132,2421
327,2430
47,2053
272,0853
1,3683
119,7720
52,2720

F
18.74*
96.65*
239.16**
0.39
2.27
0,03
2,29

F versus
TrXTaXRub
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C = 0.261 (p>0.05)
Transformation: None
a=Degrees of Freedom corrected for missing data
b=tested over the TrxTaxRu MS after elimination of the TrxTa, TrxRu terms which were not significant at
p>0.25
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Figure 144: Proportion (mean+SE) of P. oceanica consumed when presented alone (grey) or together with C.
amentacea (white). The numbers (n) at the bottom of each bar indicate the replicates used to calculate each
mean
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Table 35: Results of three way ANOVA between PO vs. PO-CB (*=p<0.05; **=p<0.01; ***=p<0.001)

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
24a

MS
29.7147
4.4400
2.3429
1.7935
6.6413
0.1149
1.4478
1.1856

F
4.47
38.65*
20.39*
1.24
4.59
0.10
1.22

F versus
TrXRub
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C = 0.317 (p>0.05)
Transformation: Sqrt(X+1)
a=Degrees of Freedom corrected for missing data
b=tested over the TrxRu MS after elimination of the TrxTa term which was not significant at p>0.25
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Figure 145: Proportion (mean+SE) of P. oceanica consumed when presented alone (grey) or together with C.
brachycarpa (white) in each combination of Tank and Run. The numbers (n) at the bottom of each bar
indicate the replicates used to calculate each mean
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Table 36: Results of three way ANOVA between PO vs. PO-CC

Source
Tr
Ta
Ru
TrXTa
TrXRu
TaXRu
TrXTaXRu
RES

DF
1
2
1
2
1
2
2
22a

MS
591.6315
198.8215
475.2463
16.0528
163.4492
494.6418
129.1396
333.4173

F
1.77
0.40
0.96
0.12
1.27
1.48
0.39

F versus
RESb
TaXRu
TaXRu
TrXTaXRu
TrXTaXRu
RES
RES

Cochran's test: C = 0.459 (P < 0.01)
Transformation: None
a=Degrees of Freedom corrected for missing data
b=tested over the RES MS after elimination of the TrxTa, TrxRu, TrxTaxRu terms which were not
significant at p>0.25
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Figure 146: Proportion (mean+SE) of P. oceanica consumed when presented alone (grey) or together with C.
compressa (white) in each combination of Tank and Run. The numbers (n) at the bottom of each bar indicate
the replicates used to calculate each mean
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6.4 Discussion
This study provides the first data on the possible feeding preferences of Paracentrotus
lividus on Cystoseira amentacea, Cystoseira brachycarpa, Cystoseira compressa and Posidonia
oceanica. For this last species, P. lividus is one of the three most common consumers together with
the fish Sarpa salpa and the isopod Idotea balthica.
Overall, the experiment highlighted the generalist behaviour of P. lividus, which showed
no strong preference. Urchins fed indiscriminately on different macrophytes according to the equal
choice behaviour between macrophytes offered alone or together, or showed some preference
behaviour, but in most cases not consistent among tanks and between experimental runs. This last
result could be attributed to natural variability due to uncontrolled processes differing among tanks
and/or between runs of the experiment (context-dependent effects).
The average consumption by P. lividus of about 67 mg (DW) per day per individual agrees
with previous studies for this species (Nédélec &Verlaque, 1984; Boudoresque &Verlaque, 2001).
Differences in carbon and nitrogen content, C:N ratio and phenolic content seem not to
affect the palatability of plant species. This is an interesting result considering that nitrogen content
is often assumed to be positively correlated with food choice in this sea urchin (Boudoresque &
Verlaque, 2001).
The only consistent (across all tanks and runs) significant result was a higher consumption
of P. oceanica when presented alone compared to when it was presented together with Cystoseira
amentacea. This suggests some preference of P. lividus for C. amentacea (lower nitrogen content)
over P. oceanica (higher nitrogen content).
The present experiment does not support the hypothesis that P. lividus strongly selects
macrophytes by preferring more palatable (in term of total phenolic or elemental contents) species,
being able to actively choose them even when they are less abundant. However, other grazers, not
examined here, could exert their own selection, such as the salema fish (Sarpa salpa) and,
therefore, be responsible for different grazing impact on different macrophytes. Further
experimental research on this topic is needed.
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In this study, for the first time, carbon and nitrogen content of C. amentacea (C:
32.16±0.16; N: 0.62±0.03), C. brachycarpa (C: 31.01±0.11; N: 1.19±0.05) and phenolic content of
C. brachycarpa (TPC: 2.89±0.11) were estimated. The C:N ratio, carbon and nitrogen elemental
content of the four examined macrophyte species are comparable with those reported in the
literature (Garcia-Sanchez et al., 2014 for C. compressa; Celis-Pla et al., 2014 for C. tamariscifolia,
a species close to C. amentacea; Duarte, 1990 for P. oceanica). Vergés et al. (2009) indicated, by
means of an in situ choice experiment, that C. brachycarpa (i.e. C. balearica) was less consumed
by S. salpa compared to other Cystoseira species (C. compressa and C. amentacea). This was
explained with relatively higher levels of terpenoid metabolites present in C. brachycarpa (Amico,
1995). However, our results do not support this hypothesis, although with the caution that the
present study focused on specimens collected deeper.
Present TPC values are similar to those reported in the literature regarding C. amentacea
(0.8% DW; Mannino et al., 2014) and C. compressa (0.1-0.5% DW; Ragan & Glombiza, 1986),
and lower than those reported for P. oceanica (10-60 mg/g DW; Agostini et al., 1998). Higher
values of phenols found in the two species thriving at the water mark (Cystoseira amentacea and
Cystoseira compressa) are probably related to higher irradiance levels and to the photo-protection
role played by these compounds (Abdala-Diaz et al., 2006), while they seem to have no effects as
deterrents against P. lividus grazing.
However, TPC and elemental content (especially the former) can change considerably
according to many factors such as season (Mannino et al., 2014) and grazing pressure (Verges et
al., 2009). Further studies performed on populations of the same species, but under different
ecological conditions, could assess (coupled with specifically designed manipulative experiments)
the relevance of other factors for variations of TPC.
As in any mesocosm experiment, present findings must be interpreted with some cautions
due to the possibility that the activity of grazers under the experimental conditions changes in
comparison to that occurs in the natural environment. However, the present experiment allowed to
control and maintains a number of potentially relevant environmental variables (temperature,
salinity, depth, light exposure, and oxygen concentration).
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Another potential caveat is that starved fauna generally feeds less discriminately than fauna
that has been fed (Cronin and Hay, 1996a). For example, periods of starvation longer than the
present ones have been shown to increase the likelihood of grazers consumption of food items
containing chemical deterrents (Cronin & Hay, 1996b). Our starvation period of 2 days before the
start of the experiment was chosen as a compromise between the 'drastic' period (two weeks)
established by Agnetta et al. (2015) and ‘no starvation’ that would have prevented to exclude that
the urchin individuals naturally differed at the beginning of the study in their feeding status and
grazing behaviour (Rochette et al., 1994). Moreover, the size and age of sea urchins could affect
their preference and response to food items. This issue should be addressed with further research
combining food choice treatments involving urchin individuals of a range of sizes.
P. lividus can act as a keystone species in Mediterranean rocky assemblages (Tomas et al.,
2010) due to its generalist behaviour (Verlaque, 1987), although some food items seem to be
preferred (Boudoresque & Verlaque, 2001; Strong et al., 2009; Monteiro et al., 2009). According to
these authors, Cystoseira spp. likes better than P. oceanica. The same pattern was clearly not
shown by the present study.
An important aspect of the experimental design used here was is its ability to avoid
confusion of preference from any other reasons because the consumption of each species when
available alone (i.e. 'single') was also determined and compared with the consumption when offered
together with another species (i.e. 'combined) (Underwood & Clarke, 2005; Cacabelos et al., 2010).
The described short-term scenario of no sea urchin preference on four different macrophytes
calls for future investigations carried out over longer periods. These should span possible long-term
responses affecting the grazer after the ingestion of different food items, possibly leading to
changes in relevant (positively or negatively affecting the sea urchin behaviour) variables such as
growth rate, reproductive fitness and genetic expression.

Further research in this field is needed to better understand the mechanisms that may shape
Mediterranean rocky shores towards alternative states, i.e. barren grounds versus Fucales forests,
especially focusing on more than one acting grazer, mechanisms and possibly feedbacks along
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trophic cascades. The consequent knowledge would critically contribute to a more complete
understanding of the general decline trend of Mediterranean Fucales forests.
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7. General conclusions discussions and future
directions
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7.1 The status of Fucales in the Gulf of Naples
This thesis offered an updated overview on past and present occurrence of Fucales in the
Gulf of Naples from shallow belts to deep forests. In more than 84% of historical sites we did not
find the past recorded species. On a total of 18 species (15 Cystoseira and 3 Sargassum species)
only 11 species have been recorded again, persisting in few localities but with very low
abundances. On this result, many of them can be considered in decline, almost extinct or very
likely extinct at the gulf scale (Table 38); however they could be considered as functionally extinct
in the study area.
The Gulf of Naples experienced in the last 60 years (at least) a huge anthropogenic
pressure, leading to extensive impacts that re-shaped and homogenised coastal ecosystems that are

Table 38: Final status of Cystoseira and Sargassum taxa based on their occurrence reported in different
periods along the study area, after the current survey (2013-2016) *= scattered populations, = species
deserving conservation priority

Taxon Historical

CA
CB
CBB
CBR
CC
CRIN
CD
CFF
CFu
CMe
CSA
CS
CSE
CT
CZ
SA
SH
SV
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records

2013-2016
records

Trend at
gulf scale

Very common
Common

Common*
Absent

Local decline
Extinct
Extinct
Local decline
Local decline
Almost Extinct
Extinct?
Almost Extinct
Extinct
Local decline
Local decline
Local decline
Extinct
Extinct
Local decline
Almost Extinct
Extinct?
Stable ?

Very rare

Absent

Common

Very rare

Very common

Common

Very rare

Very rare

Very rare

Absent

Very common

Very rare

Very rare

Absent

Common

Very rare

Very rare

Very rare

Very common

Very rare

Very rare

Absent

Rare

Absent

Rare

Very rare

Common

Very rare

Common

Absent

Very rare
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Chapter 7
generally different in term of number of species, abundances and bathymetric zonation of
many assemblages.
Many other species besides algae, such as the colonial scleractinian coral Astroides
calycularis, have locally disappeared in many localities of the gulf, compared to historical records
(Funk, 1927, 1955; Bacci, 1946, 1972). Even these taxa have been reported to be affected by
human activities (such as coastal urbanization, marine pollution, siltation; Moreno et al., 2008);
therefore these losses are further proofs of the catastrophic anthropogenic impact experienced by
Neapolitan underwater seascapes.
The introduction of artificial infrastructures leads in many places to a coastal
homogenization providing habitats different from the original natural ones in term of substrate
three-dimensional complexity, roughness and lithology. This replacement also causes deflection of
currents that changed hydrodynamic conditions; these impacts are evident in striking erosional
phenomena such as the Ischia cases (Zucco, 2003). A general shift from three dimensional
branched ecosystem engineers to turf forming species has been documented in most of the
impacted areas, as evidenced also by existent literature (Airoldi & Beck, 2007). Recent studies
demonstrated also the importance of biotic interactions in artificial habitats (Ferrario et al., 2016),
probably related to a displacement of top predators in the food web; this factor needs further
detailed studies.
Many common and frequent Fucales along the coastline of the gulf have disappeared and
can be considered as locally extinct at local scale or reduced to relict records (mostly few
specimens) in sectors more distant from Naples metropolitan area (Ischia, Capri, Vervece bank),
where cumulative impacts affecting the benthic assemblages are reduced.
This thesis provided also a current georeferenced status through the Fucales Cartographic
Database (FuCart DB) and all the output products (maps) that will be useful as reference line in the
future implementation of the framework of Water Framework Directive (WFD) and Maritime
Spatial Planning (MSP) of the entire gulf. These studies will be of great support for further
ecological and molecular investigations such as those focused to study the connectivity of some
species at different spatial scales. Moreover, the pilot study on nutrients and the experiment on
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food preference can represent the basis for a thorough research on top-down and bottom-up factors
related to the decline of these species. As a result, this thesis (with a detailed cartography of
Fucales abundance, coverage, continuity, and species richness) will be an important reference
point for next comparisons in this area.
A final overview of the updated scenario is represented in Figure 151 where a concise
statement of the destiny of historical records has been reported. As evidenced by literature, when
proper reference baseline are available, temporal stability of belts and forests are extremely rare
(Thibaut et al., 2014; Thibaut et al., 2016b). Natural recovery after decline of Cystoseira and
Sargassum have been rarely recorded (Hanel, 2002; Orlando-Bonaca & Mavric, 2014; Ivesa et al.,
2016). In the depleted zones only relict populations exist and moreover the low dispersal ability in
the case of Cystoseira spp. (Susini, 2006), the fragmented assemblages and the habitat loss
occurred represents huge limitations, leading to a lacking of suitable natural habitat in many areas.
Whatever the species considered, the natural recovery seems to be really unlikely in many
of the sectors of the study area, and an optimal strategy to face the current fucoid decline must be
urgently delineated and pursued. A separate discussion can be done for Sargassum vulgare that
seems to better cope propagation issues due to the presence of aerocystis and indeed in the study
area it was found to settle also in artificial barriers.
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SPECIES LIST:

ZONATION:

PUTATIVE CAUSE OF LOSS:

FISH NETS,
DETERIORATION OF
ENVIRONMENTAL
QUALITY

(gulf scale)

Figure 151: An overview of the updated scenario outlined by this thesis. The picture brings together most of
the species historically present in the study area for illustrative needs. On the left side, list of the existing
species; on the centre comments about the historical change per each species. On the right, an evaluation of
the putative cause of loss. Bathymetric occurrence is shown according to Cormaci & Furnari (2012),
historical and current occurrence in the study area

Transplantation of Cystoseira spp. (also on artificial habitats) has been suggested as an
useful tool to improve the restoration of lost populations (Falace et al., 2006; Susini et al. 2007a;
Perkol-Finkel & Airoldi, 2010; Gianni et al., 2013); despite current available techniques there are
still many issues to be outlined and improved. Until now transplants seem to never survive and
self-maintain, due to waves, human presence and grazing pressure, even when grazers were
removed (Robvieux et al., 2013; Thibaut et al., 2014). These attempts, that we also tried to conduct
in the gulf with a very preliminary pilot study by using the less sensitive species (C. compressa),
are time and money consuming if first of all we do not understand the causes of local loss.
Moreover, the restoration can be successful only if fully supported by a focused management
policy.
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The increase of anthropogenic impacts in the gulf from the beginning of 20th century is
testified by the drastic decrease of brown algae and the contemporary increase of sciaphilous
species such as many Rhodophyta. In particular the vacancy of the Cystoseira shallow belt seems
to have facilitated the settlement of Asparagopsis taxiformis. In addition the recent and invasive
colonization by allochthonous species such as Caulerpa cylindracea and Womersleyella setacea
could also play a role in the decline of fucoids, as their settlement may favour the turf formation
and sediment depositions thus inhibits fucoid recruitment (Ballesteros et al., 1998; Hereu et al.,
2008; Ballesteros et al., 2009; Draisma et al., 2010). The analysis of chorographic spectra also
seems to validate the anthropogenic disturbance, together with co-occurring changes in climatic
conditions and the decreasing presence of cold affinity species (Buia et al., 2013a).
The loss of shallow historical records of fucoids in the different sectors in which the area
has been divided is huge and corresponds to the intensity of the development of artificial
infrastructures (Figure 152).

Figure 152: Percentage of coastal transformations according to the different sectors of the Gulf of Naples in
which historical records have been reported and dramatic decline of shallow species has been detected
(Grech et al., 2015b)
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In the Bay of Naples more than half of the coast (63%) is artificial and the loss of HS here
is very high. Overlapping the loss of species for different areas in the Figure 152, a comparable loss
of species (71%) has been recorded in the Pozzuoli Bay (49% of coastal transformation;
respectively 56% in Pozzuoli-Baia and 73% in Pozzuoli ex Italsider), where a substantial industrial
settlement has developed on the eastside. In this sector Nisida was an island at the Funk surveys’
time but later was linked with a bridge altering the environmental conditions of the area (currents,
sedimentation and habitat fragmentation).The development of industrial plant of Italsider-Cementir
further complicated the habitat integrity. Among the Phlegrean Islands, the northern side of Ischia
recorded a massive urbanization (52%) (Zucco, 2003) and a huge loss of HS, HR and species
(100%) has been detected.

The deep species could be extirpated by the intense historical fishing pressure and
deterioration of environmental quality (Figure 151).
The lack of knowledge on very deep occurrence (below 40-50 m depth) calls for further
studies: ROVs and/or projects involving technical divers will be taken into account. Results
obtained in the framework of the pilot project ‘Progetto Fucales: chi le ha viste?’ at the gulf scale
(Figure 153) could be extended at national scale with the double effect to raise awareness and fill
the gap of knowledge of fucoid distribution along Italian coasts.
The lessons for future extension of this pilot project will be a wide range outreach effort
and the involvement of all the stakeholders with many transversal meetings and events. The
number and quality of these activities on citizen science projects indeed has a deep impact on the
gathered results and the participants should be motivated to collect data, stressing the importance of
the project aims as well as by a program recognizing their efforts (Van Den Berg et al., 2009;
Dickinson et al., 2012).
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B

C

Figure 153: Underwater photos from Sorrento and Amalfi coast, gathered thanks to Progetto Fucales Citizen
Science project (photos courtesy respectively of A: Enrico Gargiulo, B: Massimiliano De Martino, C:
Edoardo Ruspantini)

The evaluation of anthropogenic pressures in the gulf evidenced huge impacts but also lack
of detailed data and calls for a greater collaboration between Regional authorities, Municipalities,
Protected Areas and local policy providing a realistic and detailed picture of the environmental
status, the more accurate as possible. This approach will lay the foundations for a holistic and
interdisciplinary study ever more exhaustive in the study area, because is widely recognized that
healthy ecosystems provide goods and services to human population and they are essential for
social and economic reason, strongly contributing to human welfare (Costanza et al. 1997).
Integrated approaches have been recently applied on some fucoids at the SZN in order to
understand physiological, biochemical and molecular responses to environmental changes (Kumar
et al., 2017; Kumar et al., in press.) Finally, a phylogenetic reassessment of Mediterranean Fucales
is desired. In the absence of a solid molecular phylogeny indeed, the status of these species should
be necessarily reviewed at Mediterranean basin to clarify species boundaries and the possible
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occurrence of cryptic species, within a complex and polyphyletic group (Draisma et al., 2010;
Dixon et al., 2014).

7.2 Ecological consequences of loss and conservation issue: the need of true protection
The loss of these ecosystem engineer species is absolutely worrying. A typical regime shift
with the replacement of Fucales forest to less structured algal communities dominated by
Sphacelariales, Dyctiotales has been observed in the study area, as well as outside the gulf (Thibaut
et al., 2015a,b). Relict populations of Fucales have lost their functional role with a possible
consequence on the associated assemblages and biodiversity. The economic importance of these
habitats forming species being nursery for teleost species and many other organisms could be
directly or indirectly relevant (Cheminee et al., 2013; Thiriet et al., 2016). The loss of a climax
community can have important consequences in the colonization of these habitats by nonindigenous species.
On the base of the gathered results, at the gulf scale, the most threatened species (in order
of risk) are currently C. crinita, C. mediterranea and C. amentacea in the upper sublittoral fringe
and C. spinosa, C. sauvageauana, C. foeniculacea, C. zosteroides, Sargassum acinarium, C.
brachycarpa in the lower sublittoral and circalittoral zone. Among them, five (C. mediterranea, C.
amentacea, C. spinosa, C. sauvageauana, C. brachycarpa) are Mediterranean endemisms. Also the
upper sublittoral C. compressa, a species that is widely considered to have high ecological
plasticity because less sensitive than others (Falace & Zanelli, 2006; Ballesteros et al., 2007),
experienced in the Gulf of Naples a huge historical decline, and could be included among the
threated species. Unfortunately, up to now all these fucalean taxa have not yet been assessed for the
IUCN Red List: ‘Not Evaluated’ (NE) (IUCN, 2016) but they urgently need a strong and true
protection status at the Mediterranean Sea scale. The first step should be to assess their status and
regression at basin scale according to defined criteria in order to include some of them in a new
IUCN Red List, as recently suggested by some other authors (Thibaut et al., 2015b; Blanfuné et al.,
2016)
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A proposal at regional level (Mediterranean France and sub-sectors) for C. crinita has been
reported by Blanfuné et al. (2016) but no official measures have been taken until now. Most of the
species that on the basis of my results are facing an extinction are simply listed in annexes of
European conventions but are not binding and as a consequence they are not protected (Barcelona
Convention 1976,1995; Bern Convention 1979; Council of Europe 1979). Results that I obtained
should be used to enforce this need.
According to the IUCN Red List criteria (IUCN, 2012), C. crinita should be classified as
'Critically Endangered' (CR) near to 'Regionally Extinct' (RE) because it is currently present in the
Gulf of Naples only in 3 rock-pools in the south west of Ischia plus few scattered specimens
(Sector A), while in the past it had an higher extension.
C. mediterranea suffered an historical decline of 76%, and should be considered as
Vulnerable (VU) near to Endangered (EN) in the Neapolitan area, up to further (genetic)
investigations will help to clearly distinguish this species from C. amentacea. Even this last species
should be considered as Vulnerable (VU) near to Endangered (EN), because totally extinct in many
coastal stretch.
C. compressa, a species that is widely considered to have high ecological plasticity because
less sensitive than others (Falace & Zanelli, 2006; Ballesteros et al., 2007) could be considered near
Threatened (NT).
C. spinosa was considered by Funk (1927,1955) one of the most wide spread species in the
gulf up to 50 m depth. Currently, we only found isolated specimens and the most dense stands are
settled along Capri only. Considering its high environmental sensitivity (Rodriguez-Prieto et al.,
2013) this species should be considered as Critically Endangered (CR) at the gulf scale, being
probably completely extinct all along the Sectors B and C (about 90 km of coastline).
C. sauvageauana is historically considered a very rare species as it was recorded in the gulf
in the past in 5 sites only. Only a single HS was currently confirmed but the species has been
found in 5 sites not previously mentioned. On these results the species should be considered as
Critically Endangered (CR) at the gulf scale.
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C. foeniculacea experienced an historical depletion of 96% even if it was considered very
abundant by Funk (1927, 1955) The species should be considered as Critically Endangered (CR).
C. zosteroides suffered an historical depletion of 85% in the study area and is still present
in 4 sites of the gulf. This species is characterized by very low grow rate making the species highly
susceptible to human disturbances (Ballesteros et al., 2009; Rodriguez-Prieto et al., 2013). As a
consequence, also this species can be considered Critically Endangered (EN) in the study area.
C. brachycarpa experienced a decline of 94% in historical sites, However, its occurrence
(not previously reported) in dense stands only around Pietra Nera (Ischia, Sector A) makes this
species the most abundant and widespread subtidal species. Very recent studies revealed that C.
brachycarpa has a high potential of recruitment and as a consequence with a high potential to
recover after disturbance (Piazzi et al., 2017). The existing forest and isolated specimens could be
considered a possible relict assemblage and could testify an example of a previous large
distribution of this species. In conclusion, the species should be classified as Endangered (EN).
C. barbata, a species widely distributed in the gulf

both alone or mixed with C.

compressa, was never found during this PhD work. The species should be classified as Regionally
Extinct (RE).
Sargassum acinarium experienced a decline of 100% of historical sites but we currently
found in 4 sites not previously mentioned. The species can be considered Endangered (EN) in the
study area.
Moreover, it should be noted that some of deep species could theoretically thrive deeper
than the investigated depths (even 70-100 m). Targeted ROV survey reaching about 100 meters
depth are therefore encouraged to highlight the possible occurrence of deeper forests.
These considerations are, as above mentioned, an attempt to assess the local status of
Fucales in the Gulf of Naples and to highlight the need to conduct a monitor programme at a larger
scale (at basin scale) in order to set up a plan of conservation priorities.
This plan should comprehend a better and more integrated coastal management mainly as it
concerns artificialization, urbanization, habitat fragmentation and restoration actions (i.e. PerkolFinkel & Sella, 2014; http://www.econcretetech.com/technology/projects) in order to enhance
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biodiversity and ensure the best conditions for a natural or human-mediated restoration of these
species.
Moreover the shallow species should be protected with the improvement of sewage
treatment plant at basin and Regional scales. The deep species should be protected through the
application of fishing banning inside MPAs and other areas where these species thrive.
Where dense relict assemblage of vulnerable species exist, they potentially represent the
last sources of propagules (sink) for the neighbouring suitable habitats, potentially able to
recolonize in the future, if suitable condition will be restored. Here strong protection measures
should be developed such as avoiding human trampling (i.e. for C. amentacea, C. crinita C.
mediterranea) in shallow protected zones and displaying panel signs dealing Fucales (Figure 154)
in order to inform and preserve a future natural or human mediated reintroduction of these species.

Figure 154: Illustrative Fucales panel sign (150 x 80 cm) designed with the aim of raising public awareness
to the sustainable use of the coastline without threating the still existing Fucales assemblages (Translation:
You are in a protected zone; here threatened algae thrive, please: don't damage them; don't trample, stop
or land with kayak where they thrive; reach the sea with the designated access; outside the forbidden
zone, limit the harvesting of seafood to zones where these algae are absent (the removal of these species
cause the fast colonization of other species with higher grow rate but with low environmental requirements;
don't sit or walk inside rock pool since these environments are considered refuge zone for these species;
They thank you !!!!!!)
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Concerning the deep species, fishery should be banned in the most important hotspots of
biodiversity listed in this thesis (especially for those species such as C. spinosa and C. zosteroides
characterized by lower growth rates), in order to preserve relict forest or sites with the highest
species richness and number of total specimens. The C. brachycarpa forest of Pietra Nera, is not
included in the zonation of Regno di Nettuno MPA (as usually occurs for marine forests in
Mediterranean Sea) and strong protection measures should be applied.
Despite the low growth rate, the believed low dispersal ability, the recruitment and
development of early life stages, very recent studies seem to give interesting insights on the
shallower species (Piazzi et al., 2016; Thibaut et al., 2016c; Buonomo et al., 2017) and further
large scale connectivity studies underlying short and long distance dispersal pattern are needed.
Thus, the best solution for the study area should be to identify the suitable populations
(supported also by a genetic analysis) and act locally with large scale restoration projects by
artificially increased recruitment (in situ seeding or ex situ seeding; Sales et al., 2015).
All these proposed measures and actions should be conceived, settled and promoted by
research institutions and agencies involved in the framework of the Integrated Marine Policy (IMP)
by the adoption of the Maritime Spatial Planning Directive (MSP, 2014/89/EU), whose main
purpose is to promote the sustainable management of uses and conflicts in coastal areas through an
ecosystem-based approach. This will contribute after the above mentioned actions, to reduce the
impacts on sensitivity areas, in agreement with the achievement of Good Environmental Status
(GES), as requested by the Marine Strategy Framework Directive (MSFD 2008/56/EC).
Therefore, the application of the proposed conservation actions should be included in the
integrated Maritime Spatial Planning of the Gulf of Naples and Campania Region. However, at the
current state, all the Italian condition seem to be still far behind and with an evident lack of
planning and a strong fragmentation of skills and responsibilities (Country, Regions, and local
authorities). This is especially true for Tyrrhenian Sea respect to the Adriatic coast (i.e. the
ADRIPLAN; Barbanti et al., 2015) despite some good local insights exist (Appolloni et al., 2015;
Franzese et al., 2015; Bonamano et al., 2016) and could be useful cases to improve in the future the
resolution of the conflicts between coastal uses and sensitivity areas in the gulf.
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Setting conservation priorities and management plans, on the other hand, generally
includes the assessment of extinction risk but takes into account many other factors, as well as the
probability of success of conservation actions, legal frameworks for conservation of threatened
taxa, surveillance and availability of funds or personnel to carry out such actions. The latter, a very
complex issue (Gill et al., 2017) in marine conservation, especially in the Italian reality where
shortfalls in staff and financial resources are very common.
In the framework of this complex background, it seems quite difficult to apply conservation
priorities for these species that can be effective only in a well designed and functional integrated
marine policy.

7.3 Species interactions

Further researches on the causes of fucoid loss, especially considering biological
interactions, represent the priority and should be pursued.
In Ischia and all along the gulf in general, sea urchin predators (mainly Sparidae and
Labriadae, e.g. Diplodus spp.) have generally very low dimensions (15 cm) and very low densities;
rare bigger specimens of Diplodus spp. have been recorded only in offshore and deep or protected
shoals. Big size dusky groupers have been observed rarely in offshore and deep shoals (5-6 times in
more than about 100 dives performed in the gulf, juveniles or young individuals are more
frequent), but they never reached large size probably due to the high fishing pressure (commercial
fishery and spear fishery, pers. obs.). Sea urchins are widespread along the islands in the shallowest
fringe (Mulas, 2013); however no barren grounds were observed currently in the study area. Sea
urchins are also harvested since many years in the study area, as this activity is considered both a
common leisure activity and commercial one, and they are frequently offered in the restaurants.
Unfortunately, no data on the evolution of this harvesting activity during time is available, and this
is a gap that should be assessed in future research. It is possible to consider that Fucales had pulse
periods of overgrazing triggered by heavy overfishing of predators and then the population of sea
urchins recovered, returning to normal levels of densities with an homogeneous association of
Sphacelariales. This pattern could have hidden possible past barren phenomenon, but all of these
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statements are only suppositions because many factors are involved and currently we do not have
control sites to test these hypothesis (i.e. we don’t have ancient pristine protected areas, due to the
fact that marine habitats are extensively disturbed and overfished) and we don’t have historical data
on the abundance of grazers, differently from other sites of Mediterranean Sea (Ivesa et al., 2016).

Moreover, in the last 25 years, Sarpa salpa a poorly studied species in the Mediterranean
Sea has attracted research interest because of its role as macro-grazer (Verlaque, 1984; Velimirov,
1984; Havelange et al., 1997; Jadot et al., 2000, 2002, 2006). There is still uncertainty about the
magnitude of the mechanism but it seems to be fairly clear that these frequent schools of fish
actually have no predators after the recruitment period, because no piscivores fish currently feed on
them (Valls et al., 2012). Humans occasionally fish these species as by-catch in fish nets or
recreational fish by fish rod in shallow areas, but they have generally a very low economic value.
Once more, there is uncertainty about the historical trend of abundance of Sarpa salpa in
the Mediterranean, even less in the Gulf of Naples. Currently for this species no predators have
been identified, despite Garrard (2013) suggested that in eastern Africa it is used as bait for large
game fish such as the leerfish, Licha amia, and other predatory finfish, sharks and rays. The leer
fish is also present to the Mediterranean area and shark, rays and other top predators such as
groupers, may feed on this species, but in practice these species are not very common and the
natural predation generally non reported. The IUCN (2016) database considers the populations of
Sarpa salpa in European waters as stable, classifying it as “least concern”. The species is
considered by them as common and can be locally abundant. On the basis of this information on
salema fish we can suppose that have increased in abundance due to cascading effects, once more
because of displacement of the trophic network by top predator depletion. It is possible indeed that
the overfishing of large predators in many Mediterranean areas leads to cascading effects in the
food webs, but not clear information on historical abundance of salema fish in the past is available,
and there are no evidences that climate change affected the abundance of these species; while there
are for grazing (Garrard 2013). Interestingly however, FAO sarpa landing statistics for the
Mediterranean Sea showed a steady increase over the last 50 years, with a peak in the early 1990s
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at around 4,000 tonnes and stabilizing at around 2,000 tonnes during the period from 1996 to 2005
(Russell et al., 2014; IUCN website). Anyhow, the overall pattern is not clear and further
investigation in this topic is required.
Verges et al. (2009) showed that Sarpa salpa seems to be able to select more palatable
species. The reasons of this choice are still far from clear and in light of our results of the sea
urchin food preference, it should be more deeply investigated, since my results on the chemical
analysis performed on species already considered by Verges et al. (2009) gave different results. In
particular the TPC I obtained for C. brachycarpa were lower respect to shallower species, so
further studies are needed. Recent studies (Gianni, pers. comm.) in fact seems to prove that salema
activity can affect biomass and reproductive potential of Cystoseira forests.
In conclusion, it is possible that in the past or recent times in the study area a high
abundance of grazers (sarpa, sea urchins, crustacean meso-grazers) strongly contributed to this loss,
but further experiments are needed to clarify the role of these species in the Fucales depletion.
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7.4 The importance of long term ecosystem research stations, effective management
and social science
Long term monitoring studies are of great importance in marine ecology. Without the
ecological ‘masterpieces’ of Funk and Valiante’s studies, no current trend on macroalgae would
have been possible to highlight in this thesis. Current development of user-friendly technologies
will allow to further deeply investigate state of our ecosystems. GPS devices can be advantageous
tools for the monitoring of marine habitats, coupled with large scale drones technology and ultrahigh definition satellite images for shallow species and ROV explorations for the deep ones.
This study gave an updated overview of the status of the order Fucales in the Gulf of Naples
and all the data obtained are a solid baseline for further future research in term of regression or
progression after an eventual desirable recovery, at least for the shallow species. The 3 long term
monitoring stations settled in Ischia, (the Scannella rock-pool, the shallow belts along the island
and the Cystoseira forest of Pietra Nera) with the cartographic support and maps altogether with
the Fucales Cartographic Database (FuCart DB), will represent a valid reference for further detailed
approaches and investigations. These data will be important in the framework of a proper WFD
directive application and in Marine Spatial Planning hoping for an increased connectivity among
properly managed protected areas. With the hope that in the future there will be a better
management of MPAs (that at present can mainly be considered as ‘paper parks’, with few
exceptions) in the framework of a proper application of MSP, the Pietra Nera site as all the other
Fucales sites, deserve special interest and protection because no real action of protection on these
species has been developed until now. Ischia current MPA zonation indeed, totally excludes the
Pietra Nera site, where it is confined the unique true dense Fucales forest of the entire gulf.
In the study area, the fishing pressure (performed with different techniques) seems to be very
high for subtidal species. This is an important issue to point out in a region where fishing activities
are historically rooted, widespread and still illegally ongoing in many areas. For the species
thriving at the water mark, Mytilus galloprovincialis harvesting could generate high levels of
disturbance all along the gulf; Lithophaga lithophaga harvesting produced habitat destruction
through the demolition of calcareous rocks in Sorrento Peninsula and Capri, mostly between few
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and about 15 meters. The wished future inclusion of Fucales taxa in the IUCN Red List at
Mediterranean scale, supported also by these results, could help to better manage their natural
habitat and enforce their conservation by law.
Commercial fishing threatened deeper species and is quite possible that in the past also
trawling activities destroyed many forests when shallower trawling was a common activity,
currently at least less frequent. Despite the trawling, many other gears such as trammel, gill nets
and fish pots could result as very dangerous for these species. They are considered selective and
less impacting fishing gears but if they are frequently deployed and not regulated, they can have
detrimental effects. Few Ischia fishermen told me to have collected Cystoseira spp. and Sargassum
spp. below the 'mount of S. Pancrazio-LoFelice' and La Secca (‘Ischia bank’, La Secca, for them
simply 'the shoal' being the main target for the north east fishermen) between 35 and 70 m (‘40
passi’). I showed them some of my samples and they recognized them as ‘succulents plants’ (the
tophules, typical reservoir structures of deep Cystoseira spp.).
This fact can be worth of noting for two different concepts; probably deeper there is still
something of interesting remained to protect before it is too late and that people must be involved
in marine biology science. These algae and their importance should be a priority target for
dissemination outreach purpose. The ‘Macroalgal World’ is something very underestimated by
most of people. No aroused interest lies on macroalgal species that are generally associated by
citizens as something fleshy disgusting or not deserving interest. The hosted diversity by these
ecosystem engineer species should be properly evidenced with social science experiences, citizen
science projects and disseminations events targeted to increase awareness from local to global scale
on the species and their importance.
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7.5 Final conclusions
The results obtained in the present thesis suggest that, as in other Mediterranean areas, the
brown macroalgae belonging to Fucales order have suffered a huge depletion.
The development of artificial coast seem to be the most important cause of loss; other
causes ascribed to be of great importance in their decline have been outlined and investigated in
this work (i.e. fishery, pollution), but many other further studies are needed.
For some of these species has been reported a local extinction at the gulf or sector scale.
Based on my data I can report that all the shallow species are absent from Mergellina (Naples Bay)
to Vico Equense (Sorrento Peninsula); deep species are absent from Procida to Santa Croce bank
(Sorrento Peninsula). For most of them a functional extinction is documented, since the ecosystem
engineer role is impaired.
From a conservation and biogeografic point of view it will be extremely important to
improve these type of studies in most of the Mediterranean sectors where no recent data are
currently available, in order to bridge the gap between different regions. Without data on the
current distribution and abundance of these species indeed, it's virtually impossible to recognize the
change and justify global and effective protection measures. Italy is not an exception. Despite many
herbarium collections, tradition on phycological studies, the current status of Fucales of Italian
coasts in unknown and a G.I.S. based approach as the one developed in this thesis is required. In
particular, for the study area will be of valuable interest to improve studies in adjacent and
neighbouring coastal sectors (the Pontian Islands, Gulf of Gaeta and Circeo in the north side; the
Amalfi coast and Cilento in the south side).

In conclusion, the most important management focal point and guidelines for other areas will
be to gather historical data on past Fucales distribution and pressures in the study area, to map their
current occurrence, properly act for a conservation effort and undertake restoration projects if the
previously pressures causing impacts have been removed (Gianni et al., 2013; Gianni &
Mangialajo, 2016).
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In a future scenario of human pressure intensification, if no true mitigation impact and
conservation action will be pursued, these species are destined to totally collapse. The data
gathered in this study will be of great importance for the next development in this field of research,
for the application of a proper MSP and such a baseline for future assessments.
The lesson from the Gulf of Naples, one of the most populated and impacted area of the
Mediterranean Sea, must be taken into account for the next development of metropolitan areas in
order to properly manage the maritime spatial planning consistently with marine threatened
species.
A stronger collaboration between engineers, managers and ecologists has to be pursued
(Airoldi et al., 2005, Moschella et al., 2005, Firth et al., 2013) in order to mitigate the impacts of
continuous coastal landscape transformations and to preserve marine biodiversity.
Overall research suggests that the maintenance and improvement of the
environmental quality of the gulf is a major issue not only for ecological and conservation purpose,
but also for social welfare and economic reasons.
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Annex I

Annex I - HR Tables (T1-T20)
Historical records of Fucales (Cystoseira and Sargassum spp.) along the Gulf of Naples.
CR= Current Record after HR surveys. 0=Absent; +=Present; NI=Not Investigated; CI=
Current; Var. = variety; CI= Current Identification for the HR gathered as Cystoseira sp. or
Sargassum sp.

T1. Cystoseira amentacea
Year

Sector

Site

Depth

Reference

CR

1882

C

Posillipo

1-4 m

+

1898

C

n.d.

1903

n.d.

Portici

Shallow

Mazza, 1903

1903

B
C
C

San Giovanni a
Teduccio
Castello di Baia

Herb. Uni. Roma-La
Sapienza - legit Valiante,
1882
Herb. Uni.Padova, M.
Mazza, 1898
Mazza, 1903

n.d.

Mazza, 1903

1927

A

1-2 m

Funk, 1927 map;
Funk Diary

+

1927

n.d.

Funk, 1927

Bay of Miseno

0m

Funk, 1927

1927

A
B
B

San Giovanni a
Teduccio
Ischia north side
(a lot of points
showed in map
by Funk)
Lava d'Arso

0
+
+

1927

B

1903

1927

1927
1927
1927
1927
1927
1927

1927
1927
1927
1927

1927

B
B
B
B
B
C
C
C
C
C

1929

C
C
E
B

1957

B

1957

C

1927
1927

Grotta dei
Shallow
briganti
(Posillipo close
to Porto Rendell)
Capo Miseno
0,5 m
(west side)
Capo Miseno
0

Funk, 1927

Miseno Grotto

Shallow

Funk, 1927

Nisida lato nord

1m

Funk, 1927

Punta Pennata

30-40 m

Funk, 1927

Punta Pennata

Shallow

Funk, 1927

Badessa bank
(the
misunderstood
Gaiola bank)
Capo Posillipo

25-40 m

Funk, 1927

0.2 m

Funk, 1927

Capo Posillipo

n.d, 0 m

Funk, 1927

Gaiola

0.3 m

Funk, 1927

Grotta del tuono
(Posillipo) Grotte di
Trentaremi
Posillipo

Shallow

Funk, 1927

10-11 m

Funk, 1927

Rendell Harbour

2m

Funk, 1927

Marina Piccola

Shallow

Funk, 1927

Rocce di San
Martino
Nisida - Porto
Paone
Posillipo - Cala
Garofano

Shallow

Funk, 1927

n.d.

Herbarium SZN (other
collections): 9.9.1957
Herbarium SZN (other
collections): 28-02-1957

n.d.

0
0
0
0

Funk, 1927

+

Funk, 1927

0
0
+
0
0
+
+
0
+
0
+
0
0
0
+
0
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Posillipo - Baia
Garofano
Posillipo - Cala
Garofano

n.d.

D

Capo di Sorrento

n.d.

1959

D

Costa Sorrentina

0m

1962

A

4m

1962

A

1962

B

Ischia - from
Castello to P.ta
San Pancrazio
Ischia - from
Castello to P.ta
San Pancrazio
Miseno

1962

C

Capo Posillipo

n.d.

1962

C

Trentaremi

n.d.

1963

B

Miseno grotto

n.d.

1964

C

n.d.

1968

C

1969

C

Posillipo - Villa
Maista
Donnanna Grotta Romana
Capo Posillipo

1957

C

1957

C

1957

1972

D

1985

A

1985

D

Herbarium SZN (other
collections): 9.9.1957
Herbarium SZN (other
collections): 1.6.1957;
22.02.1957
Herbarium SZN (other
collections): 8.8.1957
Ernst, 1959 (in Riedl
PSZN)
Herbarium SZN (other
collections): 8.8.1962

+

4m

Herbarium SZN (other
collections): 8.8.1962

+

2m

Herbarium SZN (other
collections): 2-11.6.1962
Herbarium SZN (other
collections): 20.07.1962;
15.5.1969
Herbarium SZN (other
collections): 16.49?.1962
Herbarium SZN (other
collections): 17.04.1963
Herbarium SZN (other
collections)
Herbarium SZN (other
collections): 4.1968
Herbarium SZN (other
collections): 15.5.1969
Feoli & Bressan 1972

+

Buia,1985 (pers. comm.)

0
0

n.d.

Shallow
n.d.

Cala di
n.d.
Mitigliano north
side
Ischia Rocce San n.d.
Pietro
Punta del Capo
1m

1985

D

Serra Capriola

2001

E

Arcera point

2-20 m

2001

E

Cala del Rio

n.d.

2001

E

Punta Carena

3-20 m

1909-1959

A
B
B
C
C
D

Lava d'Arso

0.5-2 m

CiSci Photo: Gargiulo
E.(1985)
CiSci Photo: Gargiulo
E.(1985)
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Funk Diary

Capo Miseno

0.5-2 m

Funk Diary

Capo Miseno

0.5-2 m

Funk Diary

Capo Posillipo

10-11 m

Funk Diary

Marechiaro

1m

Funk Diary

Punta del Capo

1m

CiSci Photo: Gargiulo

1909-1959
1909-1959
1909-1959
1909-1959
1990-2000

1m

+
+
0
0

0
0
0
0
0
+
0

0
+
+
0
0
0
0
0
0
0

T2. Cystoseira barbata
Year

Sector

Site

Depth

Reference

1864

A

Ischia

n.d.

1879

B
C

Capo Coroglio

1-4 m

Herb. Uni. Padova
(1864) C. Bolle
Falkenberg, 1879

Posillipo

1-4 m, 4-7 m

Bacoli

5-8 m

1927

B
B

Castello di Baia

1927

B

Nisida lato nord

1.5-2 meters, 0.5
m
4-5 m

1882
1927
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Herb Roma-La Sapienza,
legit Valiante,1881,1882
Funk, 1927
Funk, 1927
Funk, 1927

CR

0
0
0
0
0
0
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Badessa bank
(the
misunderstood
Gaiola bank)
Capo Posillipo

25-40 m

Funk, 1927

0

Shallow

Funk, 1927

Rendell Harbour

1m

0
0

B

Capo Miseno

n.d.

A

Ischia Harbour

n.d.

1957

B

Capo Miseno

n.d.

1957

B

n.d.

1959
1961

D
C

Nisida - Porto
Paone
Costa Sorrentina

Funk, 1927; Herbarium
SZN (other collections):
13.2.1957
Herbarium SZN (other
collections) 2.6.1962
Bonner (1954) Herb.
SZN
Herbarium SZN (other
collections): 12.2.1957;
2.6.1962
Herbarium SZN (other
collections): 9.9.1957
Ernst, 1959

Capo Posillipo

n.d.

1962

C

n.d.

1963

C

Posillipo - Villa
Maista
Trentaremi

1968

C

Donnanna Grotta Romana
Napoli

n.d.

Baoli (Bacoli)

5-8 m

Herbarium SZN (other
collections):12.12.1961
Herbarium SZN (other
collections): 24.10.1962
Herbarium SZN (other
collections): 28303.1963,
6.7.1962
Herbarium SZN (other
collections): 4.1968
Herb. Pirotta
(HERB.Roma - La
Sapienza)
Funk Diary

Marechiaro

1m

Funk Diary

Napoli - Via
Caracciolo
Posillipo - Punta
Cinita

8-10 m

Funk Diary

6-8 m

Funk Diary

1927

C

1927
1927

C
C

1952
1954

1853-1936 †

C

1909-1959
1909-1959

B
C
C

1909-1959

C

1909-1959

n.d.

n.d.

n.d.

0
0
0
0
0
0
0
0
0
0
0
0
0
0

T3. Cystoseira barbatula
Year

Sector

Site

Depth

Reference

1860

C

Napoli

n.d.

Kutzing, 1860 describing
Sonder specimen
herbaria

Site

Depth

Reference

Capri

0-6-8 m

Valiante, 1883

Bagnoli

n.d.

Mazza, 1903

Baia

n.d.

Mazza, 1903

Torre del Greco

n.d.

Mazza, 1903

Ischia nord side

> 0.5 m

Funk, 1927 map, Funk
Diary
Funk, 1927 (1914)

CR
0

T4. Cystoseira brachycarpa
Year

Sector

1883

1927

E
B
B
C
A

1927

A

1903
1903
1903

1927
1927
1927

A
B
C

Ischia Rocce San 0.5 m
Pietro
Lava d'Arso
n.d.

Funk, 1927

Nisida nord side

4-5 m

Funk, 1927

Badessa bank
(the
misunderstood
Gaiola bank)

30-40 m, 30-49
m, 15-30 m

Funk, 1927, Funk Diary

CR

+
0
0
0
0
0
0
0
0
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1927
1927

C
D

1927

D

1927
1931

E
B

1954

A

1971

C

1972

D

1909-1959

D

Posillipo

n.d.

Funk, 1927

Banco di Bocca
Piccola (the
today called
'Secchetella
shoal')
Scoglio Vervece
Bank Nord
Marina Piccola

40-50 m

Funk, 1927

30-40 m

Funk, 1927

0

Shallow

Funk, 1927

Rocce di San
Martino
Rocce di S.
Anna
Napoli

Shallow

Funk, 1927

+
0

n.d.

0

Cala di
Mitigliano
Punta
Campanella

Shallow

Bonner (1954) Herb.
SZN
Herb. Giaccone
(18.06.1971) in Catra e
Grimaldi, 2003 Quad.
Bot. Amb. Appl.
Feoli & Bressan, 1972

30-50 m

Funk Diary

0

0-8 m

0
0

0
0

T5. Cystoseira compressa
Year

Sector

Site

Depth

Reference

1838

C

Napoli

n.d.

1879

Posillipo

0.5 m

1882

C
C

Bonjean Botaniste, a
Chambery (1838) Herb.
Pirotta, Herb. Pedicino
(HERB. Roma - La
Sapienza)
Falkenberg, 1879

Posillipo

1-4 m

1898

A

Lacco Ameno

1898

C

Portici

1898

Torre del Greco
Torre del Greco

n.d.

Herb. Uni.Padova (1900)

1927

C
C
A

1882: Herb Roma-La
Sapienza, legit Valiante
n.d.
luglio 1898, Micheletti
HERB UniTo
probably beaching 1898, racc. A. Mazza
(Crittogame d’Italia in
erbario L.
Micheletti).HERB
UNITO
n.d.
Herb. Uni.Padova (1898)

Ischia Harbour

1m

1927

B

Acquamorta
(Maremorto)
Bacoli

n.d.

Funk 1927; Cinelli et al.
1976a; Buia, 1985 (pers.
comm.)
Funk, 1927

5-8 m

Funk, 1927

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Castello di Baia

n.d.

Funk, 1927

n.d.

Funk, 1927

Capo Miseno

n.d.

Funk, 1927

Capo Miseno

0

Funk, 1927

Miseno Grotto

Shallow

Funk, 1927

Nisida north side

1 (2-5) m

Funk, 1927

Punta Pennata

0-2 m

Funk, 1927

Punta Terore

n.d.

Funk, 1927

Badessa bank
(the
misunderstood
Gaiola bank)

25-40 m

Funk, 1927

1900

1927
1927

1927
1927
1927
1927
1927
1927
1927
1927
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B
B
B
B
B
B
B
B
B
C

CR

0

+
+
0
0

0
0
0
0
0
NI
0
+
+
+
0
+
0
0
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Capo Posillipo

0.5 m

Funk, 1927

Castel dell'Ovo

n.d.

Funk, 1927

Castel dell'Ovo

0.5 -3 m

Funk, 1927

1927

C
C
C
C

Castellammare

Funk, 1927

1927

C

Funk, 1927

0

1927

1930

C
C
C
D
E
B

Grotta del tuono
(PosillipoGrotte di
Trentaremi
Posillipo

n.d. close to river
mouth
n.d. 0.5 m

+
0
0
0
+
0

1954

A

1927
1927
1927

1927
1927
1927
1927

n.d.

Funk, 1927

Rendell Harbour

1m

Funk, 1927

Rocca Romana

sup.

Funk, 1927

Sorrento

n.d.

Funk, 1927

Marina Piccola

Shallow

Funk, 1927

Rocce di San
Martino
Rocce di S.
Anna
Capo Miseno

Shallow

Funk, 1927

n.d.

Nisida - Porto
Paone
Capo di Sorrento

n.d.

Bonner (1954) Herb.
SZN
Herbarium SZN (other
collections):15.03.1957
(Kusel o Beth?)
Herbarium SZN (other
collections): 9.5.1957
Funk Diary, Herbarium
SZN (other collections):
8.8.1957
Ernst, 1959

n.d.

1957

B

1957

B

1957

D

1959

Costa Sorrentina

n.d.

1961

D
C

Capo Posillipo

n.d.

1962

A

n.d.

1962

B

Ischia Casamicciola
Miseno

n.d.

0.5-1 m

2m

1962

C

Capo Posillipo

1962

C

n.d.

1963

B

NapoliMergellina
Capo Miseno

1963

B

Miseno grotto

n.d.

1963

B

Nisida - Porto
Paone

n.d.

1963

C

n.d.

1964

C

Posillipo - Villa
Maista
Trentaremi

1965

B

Nisida - Porto
Paone
Nisida - Porto
Paone
Donnanna Grotta Romana
Gaiola Marechiaro
Capo Posillipo

0-4 m

Cala di
Mitigliano
Ischia Harbour

n.d.

Ischia Harbour

1m

1968

B

1968

C

1968

C

1970

C

1972

D

1977

A

1985

A

n.d.

n.d.

n.d.
n.d.
NI
n.d.

1m

Herbarium SZN (other
collections):12.12.1961
Herbarium SZN (other
collections): 10.08.62 Herbarium SZN (other
collections): 11.6.1962
Herbarium SZN (other
collections):18.05.1962,
12.12.1961; 15.5.197061
Herbarium SZN (other
collections): 29.01.1962
Herbarium SZN (other
collections): 07.09.1963,
15.03.1957 (Kusel o
Beth?)
Herbarium SZN (other
collections): 17.04.1963
Herbarium SZN (other
collections):
18.06.1963,22.05.1968;9.
5.1957
Herbarium SZN (other
collections): 24.10.1962
Herbarium SZN (other
collections): 6.7.1962,
10.05.1962
Gamulin-Brida, 1965
Herbarium SZN (other
collections): 22.05.1968
Herbarium SZN (other
collections): 4.1968
Herbarium SZN (other
collections): 16.6.1968
Herbarium SZN (other
collections):15.5.1970-61
Feoli & Bressan, 1972
Funk, 1927; Cinelli et al.,
1976a; Buia, 1985 (pers.
comm.)
Funk, 1927; Cinelli et al.,
1976a; Buia, 1985 (pers.

+
0
0
0

+
+
0
0
+
+
0
+
+
+
+
+
0
0
+
0
0
0
+
+
+
0
0
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comm.)

1985

D

S. Fortunata

1m

1985

D

S. Fortunata

3m

1985

D

1m

1985

D

Punta
Campanella
Serra Capriola

2-20 m
3-20 m

>5 m

2001

E

Arcera point

2001

E

Punta Carena

1909-1959

A

1909-1959
1909-1959

B
C

Ischia Rocce San 0,5 m
Pietro
Baoli (Bacoli)
5-8 m

1909-1959

C

1909-1959

C

1990-2000
1990-2000

D
D

1967

A

1976

A

1962

A

CiSci Photo: Gargiulo
E.(1985)
CiSci Photo: Gargiulo
E.(1985)
CiSci Photo: Gargiulo
E.(1985)
CiSci Photo: Gargiulo
E.(1985)
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Funk Diary

0

Funk Diary

0
0

0
0
0
0
0
0

Napoli - Via
Caracciolo
Posillipo - Punta
Cinita
Posillipo Scogliera Manzi
Punta del Capo

5-10 m

Funk Diary

6-8 m

Funk Diary

0

0.5-1 m

Funk Diary

0

1m

CiSci Photo: Gargiulo

Serra Capriola

~3m

0
0

Procida
Solchiaro Inner
side
Vivara

0-2 m

CiSci
Photo: Gargiul
Gamulin-Brida et al.
1967

Ischia - from the
Harbour to
Lacco Ameno

1m

Shallow

Cinelli et al. 1976b in
Porzio T. 2006
Herbarium SZN (other
collections): 8.8.1962 -

0
+
0

T6. Cystoseira crinita
Year

Sector

Site

Depth

Reference

1879

Massa Lubrense

Shallow

Falkelberg, 1879

1972

D
D

Shallow

Feoli & Bressan, 1972

1976

A

Cala di
Mitigliano
Vivara

Cinelli et al., 1976b

0

1962

A

below CA e CC,
up to7-10 m
1m

Herbarium SZN (other
collections): 7.8.1969

0

1962

A

1m

Herbarium SZN (other
collections): 8.8.1962

0

Ischia - from the
Harbour to
Lacco Ameno
Ischia - from the
Harbour to
Lacco Ameno

CR

0
0

T7. Cystoseira dubia
Year

Sector

Site

Depth

Reference

CR

1888

B

60 m

Valiante, 1888;

NI

1927

B

40 m

Funk, 1927

NI

1927

C

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Torre
Annunziata Bank
Punta Carena

40 m, 35 m

Funk, 1927; Funk Diary

0

70 m

Funk, 1927

Punta S.
Pancrazio

40 m

Cinelli, 1971

0
0

1927
1971
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1913-1927

A

Punta S. Angelo

50-70 m;

1913-1927

A

Punta S. Angelo

30-70 m; 50-100
m; 50-70 m

Funk (1913) Herb. SZN ;
Funk, 1927
Funk, 1927; Funk ,1913
Herb. SZN; Funk Diary

0
0

T8. Cystoseira foeniculacea
Year

Sector

Site

Depth

Reference

1789

B

Gulf of Baia

n.d.; 1-5 m;

1829

B
B
C

Baia

n.d.

Falkenberg, 1879; Funk
1927
Delle Chiaje, 1829

Posillipo

n.d.

Falkenberg, 1879

Posillipo Palazzo Manzi
Arco Felice

5-7 m, 7-10 m
n.d.

Funk 1927; Falkenber,
1879
Herb. Uni.Padova (1898)

Arco Felice

n.d.

Mazza, 1903

Miseno

n.d.

Mazza, 1903

Torre del Greco

n.d.

Castello di Baia

1.5-2 metri

Mazza, 1903Herb.Uni
Padova (1898)
Funk,1927

Gulf of Baia

3-4 m

Funk,1927

Nisida lato nord

4-5 m

Funk,1927

Badessa bank
(the
misunderstood
Gaiola bank)
Capo Posillipo

30-40 m,30-49 m;
20-15 m

Funk,1927

5-7; 7-10; 10-11
m ; 14-16 m
30-40 m

Funk,1927

0

Funk,1927

0

n.d.

0

1879
1879
1898
1903
1903
1903
1927

B
B
B
C

1927

B
B
B
C

1927

C

1927
1927

1927

D

1957

C

1957

E

1959
1959

D
D

1959

D

Scoglio Vervece
Bank Nord
Posillipo - Cala
Garofano
Capri

CR

0
0
0
0
0
0
0
0
0
0
0
0

Costa Sorrentina

n.d.

Herbarium SZN (other
collections): 22.02.1957
Herbarium SZN (other
collections): 28.07.1957
Ernst, 1959

Penisola
sorrentina
Punta di Massa
Marina di Puolo
Punta di
Sorrento and
Sorrento
Punta di
Sorrento and
Sorrento
Capo Posillipo

1-2-3-15 m

Ernst, 1959

1-2-3-15 m

Ernst, 1959

0

1m

Ernst, 1959

0

2-3-15 m

Ernst, 1959

0

n.d.

Herbarium SZN (other
collections): 12.12.1961
Herbarium SZN (other
collections): 11.12.1961;
Falkenberg, 1879
Herbarium SZN (other
collections): 24.5.1962
Gamulin-Brida et al.,
1967
Gamulin-Brida et al.,
1967

0

Herbarium SZN (other
collections): 4.1968
Funk Diary

0

Funk Diary

0

n.d.

1959

D

1959

D

1961

C

1961

C

Posillipo

n.d.

1962

B

Capo Miseno

20 m

1967

C

Capo Posillipo

1967

A

10-11 m ; 14-16
m
6-10-22 m

1968

C

1909-1959

C

1909-1959

D

Procida
Solchiaro Inner
side
Donnanna n.d.
Grotta Romana
Posillipo Palazzo 0.5-1 m
Volpicelli
Scoglio Vervece 15-30 m
Bank

+
0
0

0
0
0
0

0
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T9. Cystoseira funkii
Year

Sector

Site

Depth

Reference

1976

D

Scoglio Vervece

25 m

Gerloff & Nizzamuddin
1976: 12.06.1924
Holotype herb Mus. Hist.
Nat. Vindobon

CR
0

T10. Cystoseira mediterranea
Year

Sector

Site

Depth

Reference

1927

C

n.d.

Funk, 1927

0

1954

A

n.d.

B

0.5

Bonner ,1954 -Herb.
SZN
Herbarium SZN (other
collections): 22.2.1957
Funk Diary, Herbarium
SZN (other
collections):8.8.1957
Gamulin-Brida et al.,
1967

+

1957

Grotta del tuono
(Posillipo Grotte di
Trentaremi)
Rocce di S.
Anna
Capo Miseno

1-2 m

Tripodi (1967)a

0

n.d.

+

1957

D

Capo di Sorrento

1967

A

0-2 m

1967

C

1968

C

1974

C
A
A
A
B

Procida
Solchiaro Inner
side
between Torre
del Greco and
Torre
Annunziata
PosillipoMarechiaro
Posillipo

n.d.

Herbarium SZN (other
collections): 16.06.1968
Carrada et al., 1974

Vivara

Shallow

Cinelli et al., 1976b

Ischia Harbour

n.d.

Cinelli et al., 1977a,b

Lava d'Arso

0.5-1 m

Funk Diary

1976
1977
1909-1959
1909-1959

1909-1959
1909-1959

B
B

1909-1959

C

1909-1959

C

1909-1959

334

n.d.

C

CR

0
0
0

+
0
0
0
0

Grotta dei
1m
Briganti
(Posillipo close
to Porto Rendell)
Grotta di Miseno 0,5 m

Funk Diary

Rocce di San
Martino
Posillipo - Punta
Cinita
Posillipo Scogliera Manzi
Rendell Harbour

0m

Funk Diary

6-8 m

Funk Diary

0

0.5

Funk Diary

+

1m

Funk Diary

0

Funk Diary

0
0
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T11. Cystoseira sauvageauana
Year

Sector

Site

Depth

Reference

1882

C

Posillipo

2-30 m

1888

Capo Miseno

Deep

1888

B
B

1882: Herb Roma-La
Sapienza, legit Valiante
Valiante , 1883- 1888

Nisida

Deep

1888

C

30-40 m; 25-40 m

1927

C

25-40 m

Funk, 1927

0

1955

C

25-40 m

Funk, 1955

0

1957

E

Badessa bank
(the
misunderstood
Gaiola bank)
Badessa bank
(the
misunderstood
Gaiola bank)
Badessa bank
(the
misunderstood
Gaiola bank)
Capri

Valiante, 1888: declivio
di Nisida
Valiante, 1888;

n.d.

+

Punta Pennata

n.d.

Herbarium SZN (other
collections): 28.7.1957
Funk Diary

Depth

Reference

1909-1959

B

CR

0
0
0
0

0

T12. Cystoseira sedoides
Year

Sector

Site

1829

B

Golfo di Pozzuoli

Delle Chiaje, 1829

CR
0
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T13. Cystoseira spinosa
Year

Sector

Site

Depth

Reference

CR

var.

1883

B

Deep

Valiante, 1883

NI

CSs

1883

C

30-49 m

Valiante, 1883

0

CS
c

1883

D

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Badessa bank
(the
misunderstood
Gaiola bank)
Punta
Campanella

Deep

Valiante, 1883

+

1927

A

Forio Bank

40 m

Funk, 1927

0

CS
c
CSs

1927

B

40-60 m

Funk, 1927

0

CS
c

1927

8-15 m

Funk, 1927

1927

B
B

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Capo Miseno
Punta Pennata

30- 40-50 m , n.d.
70 m

Funk Diary; Funk, 1927

0
0

1927

C

25-40 m; 25-30
m; 30-49 m

Funk, 1927, 1955, Herb
SZN; Valiante, 1883

0

1927

C

Badessa bank
(the
misunderstood
Gaiola bank)
Posillipo Palazzo Manzi

CSs
CS
c
CSs

6-8 m

Funk, 1927

0

1927

C

15 m

Funk, 1927; Cognetti &
Santarelli, 1960

0

1927

D

40-50 m, 90 m

Funk, 1927; Funk Diary

0

1927

D

Banco di S.
Giovanni a
Teduccio (Secca
del Campanile)
Banco di Bocca
Piccola (La
Secchetella)
Scoglio Vervece
Bank

50 m

Funk, 1927

0

1927

D

Scoglio Vervece
Bank - West

40 m

Funk, 1927

+

1927

D

Scoglio Vervece
Bank - South

50 m

Funk, 1927

0

1927

D

Scoglio Vervece
Bank North

30-40 m

Funk, 1927

0

1927

D

Scoglio Vervece
Bank S-O

?-15; 30-40 m

Funk Diary, Funk, 1927

+

1927

E

50 m, 30-50 m

Funk, 1927; Funk Diary

0

1955

C

25-30 m

Funk, 1955

0

CS
c

1957

E

Blue Grotto,
close to
Badessa bank
(the
misunderstood
Gaiola bank)
Capri

n.d.

+

Csc

Baia di Ciercio

2-4 m

Herbarium SZN (other
collections)
Ernst, 1959

Punta di Massa

2-4 m

Ernst, 1959

tra Punta di
Sorrento e
Sorrento
Banco di Forio

2-4 m

Ernst, 1959

0
0
0

45-50 m

19.7.1960 SZN samples
in Rupert Riedl Room

Csc
Csc
CS
c
CS
c

1959
1959

D
D
D

1960

A

1959
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0

CS
c
CS
c
CS
c
CS
c
CS
c
CS
c
CS
c
CS
c
CSs

Annex I
Banco di San
Giovanni a
Teduccio (Secca
del Campanile)
Punta S.
Pancrazio

15 m

Cognetti & Santarelli,
1960

0

CS
c

45 m

Cinelli, 1971

0

A

Ischia Bank

40-50 m

Funk Diary

0

Gulf of Baia

0.5 m

Funk Diary

1909-1959

B
B

Miseno Grotto

12-25 m

Funk Diary

0
0

1909-1959

C

6-8 m

Funk Diary

0

1882

C

Posillipo (Cala
Cinita)
Posillipo

CS
c
CS
c
Csc
CS
c
Csc

1-4 m

0

Css

1883

B
C

Nisida

below to 7-8 m

Herb Roma-La Sapienza
1882, legit Valiante,
Valiante, 1883;
Valiante, 1883

Badessa bank
(the
misunderstood
Gaiola bank)
Santa Lucia

0-35 m

Valiante, 1883

0
0

CSs
CSs

fino a 7-8 m

Valiante, 1883

Forio Bank

40 m

Funk, 1927

0
0

Bacoli

5-8 m

Funk, 1927

1927

B
B

Capo Miseno
(lato est)

0.5 m

Funk, 1927

1927

C

Posillipo

7-10 m

Funk, 1927

0

1927

C

Posillipo

n.d.

Funk, 1927

0

1927

E

Marina Piccola

sotto la superficie

Funk, 1927

0

1957

B

Capo Miseno

n.d.

Herbarium SZN (other
collections)

0

1962

A

4m

Herbarium SZN (other
collections)

0

1971

A

Ischia - from
Castello to P.ta
San Pancrazio
Punta S.
Pancrazio

45 m

Cinelli, 1971

0

1909-1959

A

Ischia Bank

40-50 m

Funk Diary

0

1909-1959

B

Baoli (Bacoli)

5-8 m

Funk Diary

0

1909-1959

B

Castello di Baia

0.5 m

Funk Diary

0

1971

B

S. Pancrazio

40 m

Cinelli, 1971

1

1909-1959

B

Capo Miseno

0.5-2 m

Funk Diary

0

1909-1959

C

Capo Posillipo

7-10 m

Funk Diary

0

1909-1959

E

Blue Grotto
(close to)

50 m

Funk Diary

0

1962

A

Ischia - from
Castello to P.ta
San Pancrazio

4m

Herbarium SZN (other
collections)

0

CSs
CS
c
CSs
CS
s
CS
s
CS
s
CS
s
CS
s
CS
s
CS
c
CS
s
CS
s
CS
s
CS
s
CS
s
CS
s
CS
c
CS
s

1960

C

1971

A

1909-1958
1909-1959

1883

1883
1927
1927

C
A

0
0
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1957

B

Capo Miseno

n.d.

Herbarium SZN (other
collections)

Site

Depth

Reference

"Pytecusano
litore" (Ischia)

Shallow

Delle Chiaje, 1829

Gaiola
("Caiola")
Castello d'ischia

Shallow

Delle Chiaje, 1829

n.d.

0

T14. Cystoseira tamariscifolia
Year

Sector

1829
1829

A
C

1864

A

1879

Miseno

0m

Nisida

0m

Falkenberg, 1879

Punta Pennata

n.d.

Falkenberg, 1879

Gaiola

0m

Falkenberg, 1879

1898

B
B
B
C
C

Herb. Uni.Padova, 1864)
C. Bolle
Falkenberg, 1879

Portici Granatello beach

probably
beaching
specimens

1853-1936 †

C

Napoli

n.d.

1909-1959

B
B

Nisida lato nord

4-5 m

A. Mazza (Crittogame
d’Italia in erbario
Micheletti) HERB
UNITO spiaggia di
Granatello, 27 marzo
1898, racc.
Herb. Pirotta
(HERB.Roma - La
Sapienza)
Funk Diary

Rocce di San
Martino

0m

Funk Diary

1879
1879
1879

1909-1959
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0
0
0
0
0
0
0
0

0
0
0
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T15. Cystoseira zosteroides
Year

Sector

1909-1959

C

1879

B

1879

D

1879
1883

1883
1883
1883
1903

E
B
C
D
E

1927

C
B

1927

C

1927

E

1957

E

Site

Depth

Reference

CR

Badessa bank
(the
misunderstood
Gaiola bank)
Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Massa Lubrense

25-30 m

Funk Diary

70 m

Falkenberg, 1879

NI

40-80 m

NI

Capri

40-80 m

Falkelberg, 1879;
Valiante, 1883
Falkelberg, 1879

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Santa Lucia

40-70 m, 70 m,
40-80 m

Valiante, 1883

4-7 m

Valiante, 1883

Massa Lubrense

n.d.

Valiante, 1883

Massa, presso
Capri
Portici

acque profonde

Valiante, 1883

n.d.

Mazza, 1903

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Banco di San
Giovanni a
Teduccio (Secca
del Campanile)
Blue Grotto,
close to
Capri

40-80 m

Funk, 1927

15-25 m 15-18 m

Funk, 1927; Funk Diary

70 m

Funk, 1927

n.d.
45-50 m

0

0
NI
0
NI
0
0
NI
0
NI

1960

A

Forio Bank

1971

A
E

Punta S. Angelo

15-50 m

Herbarium SZN (other
collections): 28.07.1957
19.7.1960 SZN samples
in the Rupert Riedl
Room
Cinelli, 1971

Capri, nord side

50-70 m

Funk Diary

Site

Depth

Reference

Nisida

n.d.

Funk, 1927

banci di Vico
Equense (Banco
di S. Croce)
Nisida - Porto
Paone
Baia di Puolo

20-40 m

Funk, 1927

2-3 m

Gamulin-Brida, 1965

0

Shallow

0

Cala di
Mitigliano
Le FontanePunta Sorrentina

n.d.

Marina Grande
di Sorrento Lato sx
Puntta Gradelle Capo a dx di
sorrento

Shallow

MAP CiSci project:
Gargiulo E. & R. map
and photo
CiSci project: Alba
Sgambati
MAP CiSci project:
Gargiulo E. & R. map
and photo
MAP CiSci project:
Gargiulo E. & R. map
and photo
MAP CiSci project:
Gargiulo E. & R. map
and photo

1909-1959

0
0
1
0

T16. Cystoseira sp.
Year

Sector

1927
1927

B
C

1965

B

1985

D

1985

D

1985

D

1985

D

1985

D

Shallow

Shallow

CR

CI

0
+

+

CC

+

CC

0
0
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1985

D

Punta Corbo Punta Sorrentina

Shallow

MAP CiSci project:
Gargiulo E. & R. map
and photo

+

1985

D

Punta del Capo

>5 m

0

1985

D

Punta S. Lorenzo Shallow

1985

D

S. Liberatore Punta Sorrentina

Shallow

CiSci Photo: Gargiulo
E.(1985)
MAP CiSci project:
Gargiulo E. & R. map
and photo
MAP CiSci project:
Gargiulo E. & R. map
and photo

2000

A

5m

Gambi et al., 2000

+

2000

C

Formiche di
Vivara
Gaiola -Tavola
di Mare
Cala del Rio

CC
/C
A
CC

Shallow

Simeone (pers. comm.)

+

CC

n.d.

NI

Grotta dei
Mandri (Bagno
Tiberio - Punta
Trasete
Grotta Verde

n.d.

Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001

Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001

NI

Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001

0

NI

CA

Shallow

Ribera d'Alcalà & Russo,
2001
Pagliarani, 2004

+

CA

Shallow

Pagliarani, 2004

+

CA

Shallow

Pagliarani, 2004

0
0
0

2001

E

2001

E

2001

E

2001

E

Grotta Verde

n.d.

2001

E

n.d.

2001

E

Punta Carena
South side
Punta del Fucile

2001

E

Punta di Mulo

1-5 m

2001

E

Punta Marmolata 1-10 m

2001

E

Punta Trasete

3-10 m

2001

E

1-7 m

2001

E

2001

E

2001

E

Punta Ventroso Scoglio di
Marcellino
Scoglio del
Monacone
Punta del Capo Scoglio della
Ricotta
Punta trasete Grotta dell'acqua
Gaiola Marechiaro
Gaiola - Rocce
verdi
Gaiola Trentaremi
Coroglio
Gaiola

Shallow

Russo & Carrada, 2005

Casamicciola
davanti al Pio
Monte della
Misericordia
Capo Posillipo

0.5 m

ARPAC, 2007
Monitoraggio
Acque/Ostreopsis

0.5 m

Capo Trentaremi

0.5 m

ARPAC, 2007
Monitoraggio
Acque/Ostreopsis
ARPAC, 2007
Monitoraggio
Acque/Ostreopsis

2004

C

2004

C

2004

C

2005
2007

C
A

2007

C

2007

C

1-10 m

3-15 m

3-20 m
1-12 m

20 m

0
+

NI

NI
NI
0
NI
NI
+
NI

0

0
0

T17. Sargassum acinarium
Year

Sector

Site

Depth

Reference

1829

B

Baia

n.d.

1879

B

Baia

Baia , comune

Delle Chiaje, 1829,
Mazza, 1903
Falkenberg, 1879
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/C
A

CR
0
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Posillipo

1898

C
A

1898

A

Ischia

n.d.

1898

C

Portici

n.d

C
A
B

Portici

1879

1903
1927
1927
1927
1927

1927

C
C

1928

C
C
B

1954

A

1957

C

1927

n.d.

Lacco Ameno

Falkenberg, 1879
Micheletti S. linifolium
(Turn) Lacco Ameno
(Isola d’Ischia), luglio
1898
(Crittogame d’Italia in
erbario Micheletti).
Herb. Uni. Padova
(1898) L. Micheletti
(Crittogame d'italia)
Herb. Uni. Padova
(1898), Mazza, 1903
Mazza, 1903

0
0

0
0

Ischia Harbour

n.d.

Funk, 1927

Rocce di San
Martino
Castel dell'Ovo

Shallow

Funk 1927

0.5 -3 m

Funk, 1927

Grotta del tuono
(Posillipo Grotte di
Trentaremi)
Rendell Harbour

n.d. , 0.5 m

Funk, 1927

1m

Funk, 1927

Capo Posillipo

0.5 m

Funk, 1927

Punta Terore Miseno
Ischia Rocce San
Pietro
Santa Lucia

n.d.

Funk, 1927

n.d.

0

n.d.

Bonner, 1954,
Herb. SZN
Herbarium SZN (other
collections)
Herbarium SZN (other
collections)
Herbarium SZN (other
collections)
Herbarium SZN (other
collections)
Gamulin-Brida et al.,
1967
Herbarium SZN (other
collections)
CiSci Photo:Ruspantini
E. (2015)

0

0

0

n.d.

1957

D

Capo di Sorrento

1957

E

Capri

n.d.

1961

C

Capo Posillipo

n.d.

1967

A

6-10-22 m

1968

C

2015

D

1820-1897†

C

Procida
Solchiaro Inner
side
Donnanna Grotta Romana
Baia di Puolo Penisola
sorrentina
Portici

1830-1887†

C

Portici

n.d.

(Turn) Ag., Portici bei
Neapel gef. von [? ?]
Martens (Rabenhorst
Algen Europa’s in
erbario Gennari).
(Turn) Ag., Portici bei
Neapel gef. Von [? ?]
Martens (Rabenhorst
Algen Europa’s in
erbario M. Malinverni)
10.

1909-1959

B

Gulf of Baia

n.d.

Funk Diary

n.d.
35 m

n.d.

0
0
0
0
0
0
0
0
0
0
0
0

0

T18. Sargassum hornschuchii
Year

Sector

Site

Depth

Reference

CR

1829

C

Ercolano

Delle Chiaje,1829

0

1879

Capri

Falkenberg, 1879

1894

E
C

n.d. probably
beached specimen
n.d.

Napoli

n.d.

0
0

1903

C

Torre del Greco

n.d.

Klein, 1894 in Herb.
SZN
Mazza, 1903

0
341
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1911

A

Procida

n.d

1911

B

Miseno

n.d

1912

B

n.d.

1927

n.d.

Funk, 1927

1927

A
B

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Procida

Leick, 1911 in Herb.
SZN
Leick, 1911 in Herb.
SZN
Funk, 1912 Herb. SZN

n.d.

Funk, 1927

1927

D

n.d.

Funk, 1927

0

1927

D

50 m

Funk, 1927

1

1927

D

40 m

Funk, 1927

0

1927

D

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Banco di Bocca
Piccola (La
Secchetella)
Scoglio Vervece
Bank
Scoglio Vervece
Bank - West
Scoglio Vervece
Bank Nord
Scoglio Vervece
Bank S-O
Blue Grotto,
close to
Punta Carena

30-40 m

Funk, 1927

0

30-40 m

Funk, 1927

0

50 m

Funk, 1927

0

n.d.

Funk, 1927

Banco di Biondo
Palomba (the
misunderstood
Benta Palumbo)
Capo di Sorrento

n.d.

Parenzan, 1956

0
NI

n.d.

1927

D

1927

E

1927
1954

E
B

1957

D

1957

E

Capri

50-80 m

1963

C

Capo Posillipo

n.d.

1971

Punta S. Angelo

30 m

1972

A
D

Herbarium SZN (other
collections)
Herbarium SZN (other
collections); Falkenberg,
1879
Herbarium SZN (other
collections)
Cinelli, 1971

n.d

Feoli & Bressan, 1972

2000

C

11 m

Zupo & Buia, 2000

1909-1959

E

Cala di
Mitigliano
Banco di S.
Croce
Capri north side

50-70 m

Funk Diary

0
0
NI
0
NI

0
0
0
0
0
0
NI

T19. Sargassum vulgare
Year
1829

Sector
C

1983

A

1985

D

1990-2000

D

Site

Depth

Reference

CR

Gaiola
("Euplea")
Ischia -Punta
Caruso
Bagno delle
Sirene/Ninfeo
antico Sorrento x
5 foto
Banco di S.
Croce

Shallow

Delle Chiaje, 1829

0

18 m

Herbarium SZN (other
collections): 2.6.1983
CiSci Photo: Gargiulo
E.(1985)

1

about 20 m

CiSci Photo: Gargiulo E.

0

1m

0

T20. Sargassum sp.
Year

Sector

Site

Depth

Reference

1927

B
B
D
C

Nisida lato nord

Shallow

Funk, 1927

Banco di Miseno

Deep

Parenzan, 1956

Costa Sorrentina

2-4 m

Ernst, 1959

Capo Posillipo

n.d.

Herbarium SZN (other
collections): 12.12.1961

1954
1959
1961
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CR
0
0
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0
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1962

B

Miseno

2m

1963

C

Capo Posillipo

n.d.

1963

C

Gaiola

12 m

1963

C

Santa Lucia

1-2 m

1965

B

Nisida - Porto
Paone
Marina Grande
di Sorrento

0.5-1.5 m

Pta gradelle Capo a dx di
Sorrento
Punta del Capo

Shallow

S. Croce Bank

1985

D

1985

D

1985

D

1999
2001

C
C
E

2001

E

1909-1959

C

2000

1965

C

Herbarium SZN (other
collections): 2-11.6.1962
Herbarium SZN (other
collections): 15.5.1963;
12.12.1961
Herbarium SZN (other
collections): 21.1.1963
Herbarium SZN (other
collections): 26.6.1963
Gamulin-Brida, 1965

0

0

n.d.

MAP CiSci project:
Gargiulo E. & R. map
and photo
MAP CiSci project:
Gargiulo E. & R. map
and photo
CiSci Photo: Gargiulo
E.(1985)
Bussotti et al., 1999

Rendell Harbour

0m

Simeone (pers. comm.)

Faraglione
Matermania
Punta di Mulo

2-15 m

Posillipo - Punta
Cinita
Trentaremi

6-8 m

Ribera d'Alcalà & Russo,
2001
Ribera d'Alcalà & Russo,
2001
Funk Diary

Shallow

>5 m

0.5 m

n.d.

Herbarium SZN (other
collections): 16.4.1962

0
0
0
0

1

SV

0
0
0
0
0
0
1

SV
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Annex II - Detailed list of shallow Fucales
recorded in 2013-2016 per each
sector with the indication of sites
and localities
GENUS

SPECIES

Cystoseira

amentacea

SECTOR SITE
A

B

C

D

E

Castello Aragonese (S, E); Rocce di
Sant’Anna; Punta del Bordo-San
Pancrazio; Scarrupata; Capo Grosso,
Maronti (E), Sant’Angelo (jetty E,
W), Cava Grado, Baia del Chiarito,
Capo Negro, Punta del Pilaro,
Chianare di Spadera, Scannella, Punta
dello Schiavo- Scarrupa, La Nave,
Punta Imperatore, Pietra Bianca,
Pietra Nera, Pietre del Cavallone,
Scogli Lorio, Soccorso (N), Scogli
Camerata, Forio (jetty W), La
Sciavica, Punta Caruso, Punta
Cornacchia, Punta Spaccarello, San
Montano, Punta di Monte Vico, Punta
Sant’ Angelo, Punta della Lingua,
Punta di Pioppeto, Capo Bove, Punta
Ottimo, Punta Serra.
Capo Miseno, Punta Pennata, Punta
del Poggio-Bacoli, Punta Le Cento
Camerelle, Baia (Castello), Pozzuoli
(E)
Porto Paone, Baia di Trentaremi,
Conventino, Marechiaro, Posillipo,
Capo Posillipo, Sud Italia, Rocce
Verdi, Palazzo Manzi, Cinito.
Punta Gradelle, Punta di Sorrento,
Solara, Punta del Capo (W), Sea Club
Conca Azzurra-Capo Nastro, Marina
della Lobra, Baia di Punta Lagno,
Marina della Lobra (S), Punta San
Lorenzo (S), Le Fontane, Punta
Baccoli, Baia di Mitigliano, Fossa
Papa, Punta Campanella.
Punta Vivara - Punta Sbruffo, Grotta
dell'Arcera, Punta Capocchia, Rio
Latino - Cala di Mezzo, Punta del
Pino, Cala del Limmo, Capo Ruglio Punta Carena, Punta del Tuono, Punta
Orticella - Scoglio di Marcellino,
Scoglio di Marcellino, Scoglio delle
Sirene, Grotta del Moschino-Grotta
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Cystoseira

brachycarpa

A

D
E

Cystoseira

compressa var. compressa

A

B

C

D

346

dei Preti, Scoglio Longa di Basso,
Scoglio Longa di Sopra, Punta del
Capo, Scoglio della Ricotta, Grotta
della Ricotta.
Scannella (pool), Pietra Bianca, Pietra
Nera, Citara, S. Angelo W (Little
Bay).
Fossa Papa
Punta dell'Arcera, Scoglio delle
Sirene, Scoglio Longa di Basso,
Scoglio Longa di Sopra, Punta del
Capo.
Punta Molino, Castello Aragonese
(jetty N), Rocce di Sant’Anna, Punta
dell'Ardicola, Punta del Tuono, Punta
Pisciazza, Punta del Lume, Punta del
Bordo, Punta del Bordo- San
Pancrazio, Scarrupata, Capo Grosso,
Maronti (E); Sant’Angelo (jetty, E ,
S,W), Cava Grado, Baia del Chiarito,
Punta Chiarito, Capo Negro, Punta del
Pilaro,
Chianare
di
Spadera,
Scannella, Punta dello SchiavoScarrupa, La Nave, Punta Imperatore,
Citara, Pietra Bianca, Pietre del
Cavallone, Pietre Rosse, Cava
dell'Isola, Scogli Lorio, Punta del
Soccorso (N), Scogli Camerata, Forio
Harbour, San Francesco, La Sciavica,
Punta
Caruso,
Zaro,
Punta
Cornacchia, Punta Spaccarello, San
Montano (E,W), Grotta del Mago,
Punta di Monte Vico, Spiaggia delle
Monache, Punta dell'Alaca, Punta di
Mezzogiorno, Vivara (harbour), Punta
della Palombara, Chiaiolella, Punta
Solchiaro, Seno del Carbonchio, Punta
Pizzaco, Punta dei Monaci, Punta
Sant’Angelo, Punta della Lingua,
Punta di Pioppeto, Capo Bove, Punta
Ottimo, Punta Serra.
Lo schiavone-Miliscola (W), Capo
Miseno, Punta Terone, Punta Pennata,
Baia (Castello), Punta Epitaffio,
Pozzuoli La Pietra,
Porto Paone, Nisida, (E) Baia di
Trentaremi, Grotte di Trentaremi,
Isola
di
Gaiola,
Conventino;
Marechiaro, Posillipo, Sud Italia,
Rocce Verdi.
Bikini beach club, Scoglio Fusarella,
Punta Gardelle, Vico Equense Marina di Equa, Punta di Sorrento,
Solara, Punta del Capo, Punta del
Capo (W), Sea Club Conca AzzurraCapo Nastro, Marina della Lobra, Le
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E

Fontane, Punta Baccoli, Baia di
Mitigliano, Fossa Papa, Fossa Papa
(N), Punta Campanella (East).
Marina Grande (E), Punta Vivara Punta Sbruffo, Punta dell'Arcera,
Punta di Vetereto, Punta del Miglio,
Punta Orticella - Scoglio di
Marcellino, Punta Campetiello - Cala
del Rio, Rio Latino - Cala di Mezzo,
capo Ruglio - Punta Carena, Punta
Carena,
Ardicolella,
Punta
dell'Ardicola, Punta del Tuono, Punta
Orticella - Scoglio di Marcellino,
Scoglio di Marcellino - Scoglio delle
Sirene, Scoglio delle Sirene, Marina
Piccola - Scoglio Unghia Marina,
Grotta Albergo dei Marinai, Porto di
Tragara, Grotta del Moschino-Grotta
dei Preti, Punta del Capo, Scoglio
della Ricotta, Grotta della Ricotta,
Punta del Fucile, Punta Caterola

Cystoseira

compressa var. pustulata

A

Punta Imperatore (pool), Scannella
(pool), Zaro (pool).

Cystoseira

crinita

A

Cava Grado (E), Chianare di Spadera,
Scannella (pool), Punta Imperatore

A

Zaro (pool)

D

Regina Giovanna-Punta del Capo
( pool)

A

Pietra Nera, Zaro

D

Regina Giovanna

Cystoseira foeniculacea f. latiramosa

D

Mitigliano Bay

Cystoseira

A

Sant’Angelo, Punta Imperatore, Punta
S. Pacrazio, Scannella, Zaro,
Camerate, Rocce di S. Anna

B

Il Poggio

E

Marina Grande (W)

Cystoseira foeniculacea

Cystoseira foeniculacea f. foeniculacea

mediterranea
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Sargassum

vulgare

A

B

C
D

348

Punta Molino, Castello Aragonese
(jetty N and S), Rocce di Sant’ Anna,
Punta San Pancrazio, Baia San
Pancrazio, Maronti (E), Sant’Angelo
(W), Scannella (pool), Punta
Imperatore, Zaro, Spiaggia delle
Monache, Zaro (pool).
Miseno, Punta Pennata, Punta del
Poggio-Bacoli, Arco Felice, Pozzuoli
(E) , Pozzuoli via Napoli, Pozzuoli La
Pietra
Baia di Trentaremi, Rocce Verdi
Punta Gradelle, Vico Equense Marina di Equa
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The cover pictures of the chapters of this thesis are by the author,
except for:
Chapter 1 (Mikel Zabala & Jordi Corbera)
Chapter 3 Composition of photo by: Delizia, 2004; Solntsev, 1840;

(

http://www.blog.blomming.com/; http://www.guidaischiashopping.it/ristorante-ricciulillo/

)

Chapter 7 (Enrico Gargiulo)
All the other photos included in this thesis (except some old anonymous picture testyfing
the historical neapolitan landscape)
are made by the author
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