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Abstract: Confined marine environments are particularly susceptible to climate change and anthropic
pressures. Indeed, the long-term monitoring of benthic assemblages in these environments allows
us to understand the direction of changes over time. The demosponge Geodia cydonium is a suitable
study case, since it is widely represented in many Mediterranean environments, while being a
long-living and important habitat-forming species. Here, we report the results of a descriptive study
on temporal and spatial variations of this demosponge in three semi-enclosed environments along
the Italian coast: Marsala Lagoon, Porto Cesareo Bay, and Mar Piccolo of Taranto. At Marsala and
Porto Cesareo, the study compares the present data with those reported by the literature at the end
of the 1990s. Caused by the modification of its preferential habitats, the data indicated the loss and
a remarkable regression of this species at Porto Cesareo and Marsala, respectively. In addition, we
hypothesized that the increase in severe weather phenomena in the small Bay of Porto Cesareo
recorded during the last 20 years may have had a marked impact on water mass, thus affecting the
sponge assemblages. At Taranto, despite a remarkable environmental degradation, G. cydonium has
appeared stable and persistent in the last 45 years, thus representing one of the richest and most
well-preserved populations in the Mediterranean Sea.

Keywords: Geodia cydonium; temporal and spatial variations; mediterranean confined environments

1. Introduction

Important environmental changes, mostly linked to global warming and anthropic
pressures, have affected biodiversity in several marine environments in recent decades [1–3].
Lagoon systems and semi-enclosed bays are particularly exposed to severe weather phenomena,
as they are subjected to moderate water circulations and high anthropic pressures [4].

Lagoons are characterized by high sedimentation levels, and, although typically poor
in natural hard substrates, there are a few exceptions (e.g., mangrove roots, phanerogam
rhizomes, mollusk shells, and calcified bryozoan skeletons). However, human activities
have led to the introduction of stone debris, ropes, and other material lost by farmers and
fishermen, which have been successfully colonized by macrozoobenthic filter-feeders [5–7].
Able to colonize both natural and artificial substrates [8–10], sponges are often dominant
components of these hard benthic communities; in some cases, they are also able to colonize
lagoon soft bottoms, at infaunal and non-sessile levels [8,11–13].

According to the literature, the lagoon systems along the Italian coast with the high-
est sponge biodiversity are Marsala Lagoon (Tyrrhenian Sea) [8,11,14], Mar Piccolo of
Taranto (Ionian Sea) [8,13,15,16], and Porto Cesareo Bay (Ionian Sea) [17,18]. In these
semi-enclosed environments, the demosponge Geodia cydonium (Jameson 1811) has been
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reported as a common and persistent species, which is able to colonize both hard and
mobile substrates [19].

G. cydonium is a well-known Atlantic–Mediterranean demosponge, which is charac-
terized by its highly variable shape, ranging from irregularly massive [19,20], cushion-
encrusting [16], spherical, or sub-spherical [11], flattened [19] and columnar/cylindrical [21],
to insinuating [22]. The mean diameter is approximately 10–20 cm, although large spec-
imens have also been reported, such as the individual of 29 kg in weight and 180 cm
in diameter collected in the Northern Adriatic Sea [23]. G. cydonium was described as a
long-living species with specimens that can reach several hundred years of age [24]. It is
included in Annex II of the SPA/BIO Protocol of the Barcelona Convention and IUCN Red
List of Threatened Species, where it is classified as endangered. Moreover, it is considered
an important habitat-forming species that provides support and shelter for many benthic
organisms [25,26]. Finally, interesting bioactive compounds have been extracted from
tissues of this sponge cultivated in open systems [24].

The purpose of the present study was to investigate the temporal and spatial variations
of some population parameters and morphological traits in G. cydonium inhabiting different
confined environments along the South Italian coast, while also considering the main
environmental changes that may have affected the study areas.

2. Materials and Methods
2.1. Study Sites
2.1.1. Marsala Lagoon

Marsala Lagoon (Trapani, NW Sicily) (Figure 1) covers an area of 20 km2 and is char-
acterized by high water exchange mainly through the southern sea opening, thus reducing
thermohaline oscillations in the wide lagoon portions [9]. The bottom is covered by fine
sediments with considerable portions of coarse sand. The maximum depth is 2.5 m [27].
Hard substrates are mainly represented by algal or animal calcareous concretions, artificial
concrete walls, and phanerogam rhizomes. Benthic fauna show the highest values of taxo-
nomic richness among all lagoon environments in Italy [28]. Demosponges, in particular,
are an important component of macrozoobenthos, which are represented by 47 species and
high biomass values [8,11,14,18].

At Marsala, G. cydonium settles primarily on the rhizomes of Posidonia oceanica between
a 0.5 and 2 m depth [11,19]. It is also observed in non-sessile form, rolling over mobile
substrates [11,14,18,19,29,30]. This assemblage of non-sessile specimens occurs in wide
storage areas, represented by a 10 m-wide and 2 m-deep navigable channel, located in
the central part of the lagoon [19,30]. According to the literature [8], the occurrence of
this species in both sessile and non-sessile forms was reported over a period of 27 years
(1983–2010).

2.1.2. Mar Piccolo of Taranto

Mar Piccolo of Taranto (Apulia), with a surface area of 20.72 km2, is a coastal brackish
marine ecosystem located on the northern coast of the Gulf of Taranto (Southern Italy,
Ionian Sea) (Figure 1). It is divided by a north–south oriented promontory into two smaller
basins, namely, the first and the second inlet, which have maximum depths of 13 and 9 m,
respectively [31]. The system is characterized by a low seawater turnover and moderate cur-
rents, which are more intense in the second inlet [32]. The second inlet receives freshwater
inflow from several small streams. Dissolved oxygen shows wide seasonal variability, and
oxygen deficits can occur in the deep layers, thus leading to seasonal dystrophic crises [33].
Mar Piccolo of Taranto is mostly characterized by mobile substrates, partially colonized by
seagrasses and turf-forming macroalgae. Hard substrates are also abundant and diversi-
fied, mainly consisting of stones and debris of human origin, and host rich assemblages of
filter feeders (mainly poriferans, hydrozoans, polychaetes, bryozoans, bivalves, crinoids,
and ascidians) forming multilayered assemblages (e.g., [7,34,35]). However, a remarkable
change in sponge species composition was reported at the end of the last century. Indeed,
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from more than 30 species recorded between 1976 and 1983 [15,16], only seven of those
were detected by Longo et al. [8] in the period between 2001 and 2004.
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The first record of G. cydonium in Mar Piccolo of Taranto is attributable to Scalera
Liaci et al. [15]. The species was again reported by Pulitzer Finali [16] and Longo et al. [8] in
a sponge list obtained from samples collected in 2010. In 2016, the project “Environmental
Remediation National Project of ISPRA” (D.M. 18 settembre 2001 n. 468) led to the distribu-
tion mapping of several species of conservation interest, including G. cydonium. The results
of this research indicated that G. cydonium is mainly located under piers on natural and
artificial hard substrates (wrecks, ropes, and nets) and onto concrete vertical walls of these
piers, in correspondence with three principal areas (Tosi yards, Ex-Marigeminil wharf, and
a military area named 170).

2.1.3. Porto Cesareo Bay

Porto Cesareo Bay (SW Apulia) (Figure 1) measures 2500 m in length and 700–800 m
in width, with a maximum depth of 2.5 m [36]. The bay is linked to the sea through a
channel system that allows a moderate water turnover. Water movement, however, is
significantly lower than in the open sea [14]. The bottom is primarily constituted of mixed
sands, although calcareous boardings, rocks, and pebbles are also present in the central
portion of the bay. Sponges were an important component of macrozoobenthos with high
covering values and biomasses [18,37,38].

G. cydonium is reported as the most common and relevant sponge species inhabiting
this bay. It is described as irregularly massive with a brain-like surface. The species mainly
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settled on calcareous rocky substrates in the middle part of the bay at a depth of 1–2 m and
was usually covered by a thick layer of sediment and frondose macroalgae [14,19,29]. An
assemblage of non-sessile specimens, which were markedly flattened in shape and had a
smooth surface, was also reported over the soft bottoms [19,30].

The presence of G. cydonium in Porto Cesareo Bay was reported in numerous scientific
papers over a period of 28 years (1976–2004), [14,16,18,37–40].

2.2. Survey Methods

The present study reports the results of surveys carried out in Marsala Lagoon and
Mar Piccolo of Taranto in 2021, and in Porto Cesareo Bay in 2012 and 2020.

The presence of G. cydonium at each study site was detected by scuba divers. The
species presence was investigated on all available substrates (sand, stones, debris of human
origin, ropes, algae, concrete walls, and Posidonia oceanica rhizomes) and in the same
areas where the species has been previously reported (Figure 1). One additional area was
sampled in Porto Cesareo Bay (Figure 1). The measurements were taken in situ, along
2 × 50 m transects, on horizontal substrates in Porto Cesareo Bay and Marsala Lagoon,
and on vertical substrates in Mar Piccolo of Taranto (concrete walls of piers). Sponges were
counted and measured with a ruler or caliper. Measures relative to the longest horizontal
axis (top view) of G. cydonium were used to estimate the size of each specimen (Figure 2).
The density data collected in the present research were compared with literature data
for Marsala Lagoon and Porto Cesareo Bay [19,30,40] and with data reported in the Final
Technical Report of Environmental Remediation National Project of ISPRA for Mar Piccolo
of Taranto; size data collected in the present research were compared with unpublished
author’s data referring to 1997 for Marsala Lagoon, 2016 for Mar Piccolo of Taranto and
1998 and 2012 for Porto Cesareo Bay.
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2.3. Statistical Analysis

All experimental data were computed as dependent variables using PERMANOVA in
an approach similar to parametric ANOVA. Univariate PERMANOVA tests were run on
Bray–Curtis similarity matrices with 9999 permutations [41]. Site (S, 3 levels), Time (Start
and End, 2 levels) and Type (sessile and non-sessile, nested in Site, 2 levels) factors were
used to detect differences in diameter of individuals. Each interaction was individually
analyzed using Univariate PERMANOVA tests with the same experimental design. A Bray–
Curtis similarity matrix with 9999 permutations were used to perform the analyses [41]. If
it was impossible to obtain enough permutations for PERMANOVA analysis, the reference
p was obtained using a permutation simulation test (Monte Carlo test). The pairwise test
was applied to discover statistically significant differences in each pair of factor levels
based on the significance value of PERMANOVA/Monte Carlo tests. All analyses were
conducted using PRIMER v6+ PERMANOVA software [42].

3. Results
3.1. Marsala Lagoon

At Marsala, G. cydonium was white to white-grey. The surface, which was irregularly
globose, was often covered by fine sediments and colonized by epibiotic organisms. The
present study confirmed the occurrence of sessile specimens of G. cydonium in the same
areas as in previous research (Figure 1). They were mostly associated with Posidonia oceanica
rhizomes (Figure 3) at a 0.5–2 m depth and on artificial substrates (concrete walls) at an
approximately 1 m depth. A few non-sessile specimens (n = 5), obvious products of the
accidental detachment of sessile specimens, as suggested by the irregular shape of the
sponges and the presence of traces of P. oceanica rhizomes on the surface, were occasionally
found on the soft bottom. The rich assemblage of rounded non-sessile specimens covered
by red alga Rytiphloea tinctoria, described by many past studies [11,14,19,25,29,30], was
not found.
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Figure 3. Geodia cydonium associated with Posidonia oceanica rhizomes in Marsala Lagoon.

The mean density of sessile specimens varied between 0.2 and 0.4/m2 on P. oceanica rhizomes
and between 0.4 and 0.6/m2 on artificial substrates. The density values recorded in 2021 were
lower than those reported in the literature for the same sampling areas (Figure 4).

The sessile specimens sampled in 2021 showed similar dimensional values to those
recorded in 1997 (16.5 ± 11.5 cm versus 18 ± 11.1 cm, respectively, in the longest horizontal



Diversity 2021, 13, 615 6 of 15

axis). In contrast to the 1997 data indicating a wide distribution of size and the presence of
small recruits, this study’s analysis of size distribution (Figure 5) demonstrated a concen-
tration of sessile specimens in the middle classes (10–20 cm; peak between 10 and 15 cm),
and a complete lack of small recruits (1–5 cm).
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Figure 5. Marsala Lagoon: size distribution of sessile (a) and non-sessile specimens (b) of G. cydonium in 1997 and 2021. In
(b), non-sessile specimens were spherical and covered by red alga Rytiphloea tinctoria in 1997, while in 2021 they were the
product of accidental detachment of sessile specimens.

The PERMANOVA analysis did not highlight any level of significance with respect to
the size of the specimens for all factors and their interactions. The differences described in
the text for all the sites are to be attributed to direct observations on the distribution of the
specimens in the minimum to maximum size values.
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3.2. Mar Piccolo of Taranto

At Taranto, G. cydonium had a yellowish to gray-yellow color and an irregular, brain-
like surface. It was often covered with sediments and colonized by epibiontic organisms
that almost completely covered the sponge (Figure 2).

The results of the present study confirmed that the distribution of G. cydonium in
Mar Piccolo of Taranto is similar to that observed in 2016 (Environmental Remediation
National Project of ISPRA—D.M. 18 September 2001 n. 468). Indeed, the mean density was
0.9 specimens/m2 on the bottom and 3.8 specimens/m2 on the vertical walls (Figure 6).
Recruits (Figure 7) were locally abundant, with a density of 8–10 specimens/m2.
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Figure 7. Mar Piccolo of Taranto: recruits of Geodia cydonium.

The specimens sampled in 2021 showed similar dimensional values to those recorded
in 2016 (15.2 ± 9.5 cm versus 17.1 ± 6.3 cm, respectively, in the medium values of longest
horizontal axis). The distribution of the longest horizontal axis values, in 2016, was more
concentrated in the middle size classes, with a lack of small recruits (major axes < 5 cm) and
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big specimens (major axes > 30 cm) (Figure 8). In contrast, in 2021, an important recruitment
event with numerous small specimens (major axes < 5 cm) was observed around the largest
specimens. Moreover, several very large specimens (major axes > 40/50 cm) were observed
in the sampling areas.
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3.3. Porto Cesareo Bay

In Porto Cesareo Bay, G. cydonium was monitored in September 2012 and April 2020.
The literature data described two distinct forms of this population: sessile, character-
ized by large specimens of irregular shape and high-density values that are typically
associated with hard substrates, and non-sessile morphs, characterized by a flattened
shape, small dimensions and low-density values, usually found over uncovered soft
bottoms (Figure 9a) [19].
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The density of the assemblage of the sessile specimens showed constant values from
October 1995 to April 1998. However, starting from July 1998, a progressive density decline
was observed [40] and indeed, in 2020, no sessile specimens were observed (Figure 10).
The assemblage of the non-sessile flattened specimens showed a similar decreasing trend,
but completely disappeared in 2012 (Figure 10). However, the exploration of an additional
area (Figure 1) in 2012 permitted the discovery of large storages of non-sessile benthic
organisms on the soft bottom, which was inhabited by a large assemblage of rounded
non-sessile specimens of G. cydonium. The diameter of these non-sessile specimens, which
were completely covered by the red alga Rytiphloea tinctoria (Figure 9b), ranged from 5 to
12 cm (Figure 11b). Unfortunately, in 2020, this assemblage of non-sessile specimens of
G. cydonium also disappeared (Figure 10).
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The analysis of the size distribution (Figure 11a) in 1998 showed a wide distribution
of the sessile specimens, with the occurrence of several small recruits (1–5 cm) and some
large specimens (40–75 cm) [19]. During the survey performed in 2012, only a few sessile
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specimens were found (n = 4), with the longest horizontal axis values ranging from 15 to
26 cm (Figure 11a).

4. Discussion

The occurrence of G. cydonium in the Mediterranean Sea is well documented in the
literature. Rich assemblages were reported at different sites in Italy [8,19,21,29,43–45], Croa-
tia [23], Spain [46], France [47], and Greece [48]. Historically, populations of G. cydonium
at these sites were highly abundant and usually characterized by large specimens [23,40].
The species was described in association with several benthic communities, such as
Cladocora caespitosa (Linnaeus, 1767) biogenic reefs [49], coralligenous concretions [22,50],
sciaphilous communities of submerged dark caves [21], P. oceanica meadows [11], and
benthopleustophitic algal beds [25].

Distribution data suggest that G. cydonium is a tolerant species, adapted to live in
semi-enclosed environments, as well as in conditions of low oxygen, chemical pollution and
eutrophication (e.g., Taranto), and within natural sulfur springs (Capo Palinuro caves [21]).
Large specimens, presumably of several years of age [24], can, therefore, survive periods of
prolonged exposure to potential adverse factors. However, it has been reported that the
abundance and the average size of G. cydonium specimens in the Mediterranean Sea have
declined since the end of the last century [51]. Indeed, available data for the Mediterranean
Sea described the current species distribution as highly fragmented and declining due
to several factors, such as increasing human activities affecting water quality, turbidity,
and siltation in coastal areas; urban and industrial sewage; coastal development; trawling;
aquaculture activities; anchorages; collection abuse; commercial fishing bycatch; global
climate change; and, generally, the cumulative effects of multiple stressors at different
temporal and spatial scales [24,46,52].

The three studied sites were characterized by low water movement and moderate vari-
ability in the mean salinity and temperature values [27,53,54]. According to the literature,
there have been some important variations in sponge fauna at these sites in recent decades,
with a general decline in both species abundance and composition [8,55]. In Marsala and
Porto Cesareo, increased anthropogenic activities have probably caused the modification
and/or loss of G. cydonium habitats.

In Marsala Lagoon, decreased water circulation and turnover, as a consequence of the
closure of the southern opening, led to the burial of bottom depression, which had previously
been characterized by extensive bentopleustophytic algal facies of Rytyploea tinctoria [56],
associated with non-sessile spherical sponges [11,25]. Indeed, a close relationship between
the algal thallus and the cortical layer of sponges, with a tight adhesion between sponge
and algal tissues, has been described [19]. This peculiar association, beyond its intrinsic
and naturalistic value, represented a preferential habitat for numerous small benthic
species (mainly amphipods, polychaetes, and gastropods), used in the diets of many fish
species [25]. Marked silting also involved the phanerogam Posidonia oceanica that appears,
coherently with the Mediterranean scenario [57,58], to be affected by strong regression
(unpublished authors’ observations) and whose rhizomes constitute an elective substrate
for the sponge.

In Porto Cesareo Bay, the presence of rich benthic assemblages with giant G. cydonium
specimens has been known since the early 1970s. One of such specimens, which is sub-
spherical in shape and approximately 120 cm in diameter, is preserved in Porto Cesareo’s
Museum of Marine Biology. The sponge assemblage, particularly abundant in the central
part of the bay and found on limestone flattened outcrops, remained relatively intact
until the end of the 1990s when it was defined as a sponge garden [38]. Subsequently, a
progressive silting affected the bay, presumably due to the construction of large docks and
a consequent navigation increase (Figure 12), which led to the covering of rocky substrates
where the species usually lived. The present study indicates the occurrence of the species
until 2012, represented by rare and small sessile specimens, distributed over a restricted
area, and by small and spherical non-sessile specimens, associated with Rytiphlaea tinctoria
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(Figure 9b). As in Marsala Lagoon, this association, which occurred in a depression on
the soft bottom, represented a peculiar trait of the South Italian low water movement
environments. In 2020, no specimens of G. cydonium were observed.
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According to the literature, beyond silting processes, the increase in water tempera-
ture may have also negatively affected the sponge assemblage at Porto Cesareo [40]. The
temperature increase in the marine environment is currently considered one of the most
severe threats for benthic organisms [59–62]. Thermal stress may have multiple negative
effects, including increased mortality, limited growth, faster senescence, reduced recruit-
ments, and the spread of epidemic events [63–69]. In particular, the frequency of sponge
disease events seems to be increasing in recent years, determining severe changes in several
sponge communities on a global scale [70]. In lagoon environments, such events should
be considered a severe threat that can produce profound changes in sponge assemblages
since re-colonization is an uncertain and slow process due to the lack of an adequate larval
supply [8].

Figure 13 reports the number of days per year with air temperature values higher than
the threshold of 35 ◦C recorded in the last 50 years in proximity to the studied sites. The
number of hot days increased in all studied sites, but more markedly at Mar Piccolo of
Taranto and Porto Cesareo. In Mar Piccolo of Taranto, which is characterized by a higher
water volume than Porto Cesareo Bay (approximately 20 times), we hypothesize that the
increase in air temperature did not determine an increase in water temperature able to
affect the persistence and distribution of G. cydonium. Contrarily, in the small and shallow
Bay of Porto Cesareo, the increase in air temperature may have had a marked impact on the
water mass, thus affecting sponge assemblages. This hypothesis seems to be in accordance
with the literature data reporting a significant decline in reproductive activity and massive
mortality, with a drastic decline in the size and density values of G. cydonium, at the end of
a persistent period of high air temperatures in the summer of 1998 [40].

In addition to the intrinsic naturalistic value, the disappearance of this species is
significant for overall fauna biodiversity, as it was an elective substrate for rich and diverse
epi- and endobiont fauna [26].

In the last 50 years, Mar Piccolo of Taranto has showed the greatest thermal increase
and was subjected to frequent dystrophic events [71,72], which could have led to a consid-
erable temporal heterogeneity of the sponge assemblage. Indeed, the sponge population
at this site seems to be subjected to massive mortality events followed by re-colonization
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processes of larvae derived from the external environment, involving the recruitment of
different species [8]. Furthermore, changes in sponge assemblages could be due to the
intense industrialization of the area and the increased presence of mollusk and fish farms
as sources of habitat modification [72].

Figure 13. Number of days per year with high values of air temperature (T > 35 ◦C) recorded in the last 50 years in a
meteorological station close to the study sites.

However, the population of G. cydonium appeared to be in a good state of conservation.
This could be due to the choice of preferential habitats, which seemed to be represented
by vertical artificial substrates, thus protecting the species from dystrophic crises on the
bottom. Moreover, species conservation is strictly connected to the conservation of their
habitat. This is evident in the case of the military area named 170 (located in the first inlet
of Mar Piccolo of Taranto), which is forbidden to civil navigation and any form of anthro-
pogenic fishing-related activity. Such military restrictions had a “marine reserve effect” for
G. cydonium specimens, suggested by the highest species densities and dimensional values
recorded in the basin (Environmental Remediation National Project of ISPRA). Despite
the environmental degradation affecting the internal seas of Taranto, the population of
G. cydonium found within the first inlet can be defined as stable and persistent over time.
Thus, future perspectives should include gaining more comprehensive knowledge on this
population, which is one of the richest and most well-preserved G. cydonium populations
in the entire Mediterranean Sea.
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