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Abstract: During the last decades, the number of observations of the basket star Astrospartus mediter-
raneus (Risso, 1826) in the Mediterranean Sea has significantly grown, thanks to SCUBA diver and
ROV sightings, citizen reports, as well as particularly large catches by the artisanal fishery. Having
been generally considered rare in many areas of the basin, such a long-term increase of records might
assign to this basket star the putative role of a winner species in the context of climate changes. In the
present study, we combined the overall literature information with the data available for the Ligurian
Sea collected during extensive ROV campaigns conducted between 2012 and 2022 at a depth ranging
from 20 to 123 m, to better understand the distribution and abundance of this species. The basket
star was observed in almost the whole explored bathymetric range living on gorgonians (Eunicella
cavolini, E. verrucosa, Paramuricea clavata, and Leptogorgia sarmentosa) and massive sponges (Aplysina
cavernicola, Sarcotragus foetidus, Spongia lamella, and Axinella polypoides). In the considered period, the
number of recorded specimens did not show a clear trend, but differences emerged over years and
months. These variations were strongly correlated with rainfall amounts that, in oligotrophic waters,
such as those of the Ligurian Sea, represent an important input of organic matter for these passive
filter feeders, especially in the summertime.

Keywords: passive filter-feeder; global changes; ROV; Ligurian Sea; rainfall

1. Introduction

The basket star Astrospartus mediterraneus (Risso, 1826) is the only gorgonocephalid
ophiuroid of the Mediterranean Sea [1], already known by Rondelet [2] and Bianchi [3],
long before its formal description in the early 1800s.

According to the World Register of Marine Species (WORMS), it is an Atlantic-
Mediterranean species with a geographic distribution that also covers the North African
and Portuguese coasts. In the Mediterranean basin, the distribution of A. mediterraneus in-
cludes the Western basin, the Sicily Channel, and the lonian Sea. The species was also rarely
reported for the Aegean Sea [4-9]. The basket star is known to live mainly in mesophotic
habitats, with a clear prevalence at depths ranging from 50 to 80 m [10]. Generally, A.
mediterraneus is acrophilic on erect benthic organisms, such as sponges and sea fans to
improve its passive filter-feeding ability [11,12]. In some cases, specimens demonstrated
host fidelity, remaining on the same gorgonian for a very long time, sometimes several
years [13].

The basket star has been generally considered rare [11], but in the last two decades, its
records have become increasingly frequent, sometimes in the form of massive population
blooms. In particular, blooms were observed from 2016 to 2019 from Cap de Creus to
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Banyuls sur Mer (Catalan Sea). The entity of phenomenon was such to produce a significant
impact on fishermen using trammel nets, which became choked by specimens [10,14]. At
the same time, A. mediterraneus was abundantly recorded also in other Western Mediterranean
areas, such as the Marine Protected Area of Tavolara Punta Coda Cavallo (Nort Sardinia) [12,13].

In the last 20 years, a higher number of surveys has been conducted at mesophotic
depths, and Remotely Operated Vehicles (ROVs) proved to be a powerful tool for im-
proving knowledge of the ecology of the deep-sea macrofauna [15-23] and were also very
useful in monitoring programs aiming to evaluate the environmental status of benthic
communities [24] at depths poorly taken into account compared with shallower ones [25].

An accurate revision of the papers citing A mediterraneus, combined with records
obtained by citizen sciences, was used to evaluate the distribution trend of this species
within the Mediterranean Sea. In addition, thanks to numerous explorative and monitoring
ROV surveys conducted in the period 2012-2022 and targeting the mesophotic benthic
communities along the entire Ligurian Arc, we investigated the geographic, bathymetric,
and temporal distribution patterns of this charismatic ophiuroid and the environmental
drivers affecting them.

2. Materials and Methods

The overall systematic literature search and the general distribution of Astrospar-
tus mediterraneus in the Mediterranean Sea was assessed using the World Register of
Marine Species (WoRMS) database, the Global Biodiversity Information Facility (GBIF)
(www.gbif.org (accessed on 1 June 2022)) and the Base pour 'inventaire des observations
subaquatiques (BioObs) (www.bioobs.fr (accessed on 1 June 2022)). These datasets were
also used to check the increase of observations coming from citizen science in the last
23 years (2000-2022). In addition, the mean number of scientific papers and grey literature
published per decade from 1800 to the present was grouped to describe the trend of scien-
tific reports for this species. The detailed revision published by Zibrowius [4], citing all the
records of the species in the Mediterranean Sea, including the historical ones, represented
an important baseline. This was incremented with an accurate review of all the available
scientific literature published in the following period to date (Table S1). These data were
also used to map the general distribution of the species.

The focus on the Ligurian Sea was made using data coming from ROV campaigns
financed by the Ministero dell’ Ambiente e della Tutela del Territorio e del Mare (MATTM)
in 2012 and those carried out within the European Marine Strategy Framework Direc-
tive (MSFD) in the period 2015-2022 (Table 1). Data on the abundance of specimens
(expressed as the mean number of specimens m~2) were obtained in 37 sites located in
three macro-areas: the eastern macro-area (A1, 12 sites) from Montenero Cape to Genoa; the
central macro-area (A2, 12 sites) comprehensive of the coast from Arenzano to the western
limit of the Savona province; the western macro-area (A3, 13 sites) covering the Imperia
administrative boundaries.

In these sites, 210 ROV dives (47, 92, and 71, respectively, for A1, A2, and A3) were
performed in the depth range of 20-123 m during different seasons (Table 1). The video
transects were about 200 m long, covering about 100 m? of the seafloor, following the MSFD
protocol for deep coralligenous monitoring. Further technical specifics of ROVs, tracks
and video analysis used for all transects carried out can be found in Enrichetti et al. [24].
Due to the discontinuity of hard substrata in the ROV footages, the number of recorded
basket stars per transect was expressed per m? of hard bottom (Table 1). The entire dataset
of the obtained records was used to build the depth distribution of A. mediterraneus in the
investigated area.


www.gbif.org
www.bioobs.fr
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Table 1. Explored sites and recorded Astrospartus mediterraneus in the three macro-areas of the

Ligurian coast.

. Transect Depth Hard Bottom in the Specimens Specimens Mean
Site Date (N) Lat. (N) Long. (E) (m) Transect (%) (N) Density (n m~2) + SE
Aug. 2016 1 2430 65.2 0 0
Montenero Cape  \io 75020 1 44.09043 973979 24-30 632 0 0
Baffe Cape Aug, 2015 3 4423246 9.44129 30-55 2 0 0
Aug. 2016 2 41-56 57.3 + 8.9 0 0
Mesco Cape Sept. 2016 1 44.13108 9.63407 20-42 68.2 0 0
Nov. 2020 3 20-56 745 + 255 6 0.03 =+ 0.02
Manara Cape Est  Aug. 2015 2 4424516 9.40409 53-69 543 + 104 2 0.03 + 0.01
Manara Cape Aug. 2016 2 4424234 9.40175 56-67 25+ 8.4 2 0.04 £ 0.03
Aug. 2015 4 55-68 333+25 2 0.03 £ 0.01
Manara Cape West Jul. 2020 1 44243216 9.40207 53-70 26 8 0.31
2 Oct. 2020 2 55-65 50 +2.8 13 0.06 = 0.02
g Jun. 2012 2 60-71 73+ 19.8 38 031+0.17
g Portofino Cape Aug. 2016 3 442923 9.22313 55-82 744 + 154 64 028 = 0.14
g Jul. 2020 2 55-75 77 + 23 101 0.79 + 0.45
<
s . Sept. 2016 1 29-45 65 0 0
Inglesi Cove Tul. 2020 1 44.30762 918748 29-45 73 0 0
Sept. 2016 3 20-57 854+ 6.7 0 0
Isuela Shoal Tom. 2020 5 4433713 9.14897 ey Sr5 183 0 0
Sori-Pieve ‘?&‘f'zzé)zlg ? 4436088 9.08745 iijﬁi 9751%016'4 (ZJ oo % o
) Aug. 2015 3 49-56 235+32 0 0
Bogliasco Jun, 2020 1 44.35950 9.06424 51-56 38.4 1 0.04
Nervi Aug. 2015 3 44.36460 9.03220 29-56 684+ 158 0 0
Sites, 12 Transects, 47 Specimens, 239
. Sept. 2016 3 36-52 503 5 0.04 £ 0.03
Celle Ligure Dec. 2020 3 44.33141 8.55200 36-52 22453 4 0.03 = 0.03
Aug. 2015 3 35-64 181497 0 0
Arenzano-Varazze  Jul, 2019 3 44.38512 8.69960 35-64 15.1 + 43 5 011 +0.11
Dec. 2021 3 39-64 22.6+93 1 0.01 £ 0.01
Sept. 2016 3 52-92 733 + 6.6 7 0.03 £ 0.01
Savona B Dec. 2020 3 44.27878 8.52335 52-92 755+ 35 12 0.05 + 0.03
Sept. 2016 3 4255 416+ 83 5 0.04 + 0.01
Savona A Dec. 2020 3 44.28739 8.50042 4255 026+22 19 0.16 +0.1
Aug. 2015 3 43-70 66.6 = 11.4 2 0.01 £ 0.01
Vado Ligure Jul, 2019 3 44.26030 8.46638 43-70 524+76 1 0.07 + 0.07
Febr. 2022 3 43-70 482+ 195 12 0.13 + 0.07
Jun. 2012 2 79-86 100 8 0.04 + 0.01
. Aug. 2015 3 76-94 66.6 £ 11.7 3 0.02 £ 0.01
Mantice Shoal Jul, 2019 3 44.27057 8.52256 76-94 56.3 + 6.9 30 0.19 + 0.11
> Febr. 2022 3 76-94 85.7 +£9.4 70 027 +0.15
g Aug. 2015 3 52-123 433+ 84 1 0.01 + 0.01
7 Maledetti Shoal Jul. 2019 9 52-106 55.8 = 13.6 0 0
g Jun. 2021 1 44.22381 8.43657 82-23 65.6 0 0
S Febr. 2022 9 52-123 467 + 168 3 0.01 £ 0.01
Apr. 2018 4 75-103 853 + 134 0 0
Finale Ligure Jun. 2021 1 44.15817 8.36462 75-89 79.6 £ 9.8 0 0
Apr. 2021 1 75-84 834+ 6.7 3 0.04
. Apr. 2018 2 84-108 81.2 + 8.9 0 0
Varigotti Apr. 2021 1 44.18263 8.42620 84-94 73 0 0
) Apr. 2018 2 50-69 36.8 £ 169 0 0
Noli Cape Apr. 2021 2 44.19635 842927 50-80 23+ 84 1 0.02 + 0.02
Febr. 2018 2 85-89 68.5+13.8 0 0
Gallinara Island Apr. 2018 1 44.01300 8.23373 32-45 73.8 0 0
Apr. 2021 2 85-89 754 +9.1 0 0
Febr. 2018 3 58-69 62+52 0 0
Albenga Apr. 2021 2 44.02396 8.24063 52-62 734 +82 1 0.01 + 0.01
Sites, 12 Transects, 92 Specimens, 203
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Table 1. Cont.

. Transect Depth Hard Bottom in the Specimens Specimens Mean
Site Date (N) Lat.(N)  Long. (E) (m) Transect (%) N) Density (n m-2) + SE
Aug. 2015 3 47-54 98.3 + 5.8 2 0.02 & 0.003
Diano Marina Aug. 2019 2 43.88217 8.08675 47-54 955+ 8 0 0
Febr. 2022 2 47-54 937 +11.1 0 0
‘ Jun. 2018 3 51-59 385+ 7.8 0 0
Ospedaletti Apr. 2021 3 4377670 7.72368 51-59 336+ 11.2 2 0.02 % 0.02
Jun. 2018 3 4778 100 2 0.01 £ 0.01
Sanremo Est Apr. 2021 3 43.79290 7.79271 4778 100 0 0
Jun. 2018 3 45-54 564 +12.1 0 0
Capo Nero Apr. 2021 2 43.77934 775821 45-54 65473 0 0
Jun. 2018 3 41-66 50.3. 8.1 1 0.01 + 0.01
Sanremo West Apr. 2021 3 43.76695 777113 41-66 85.7 + 13.4 3 0.01 = 0.01
Jun. 2018 3 45-59 337 + 125 1 0.01 + 0.01
Bussana Apr. 2021 3 43.80298 7.81507 45-59 486494 0 0
b Arma di Taggia Jun. 2018 3 43.80384 7.84114 46-59 45+67 1 001 + 0.01
g Aug. 2015 3 34-57 652 4 6.8 0 0
g Porto Maurizio Aug. 2019 1 43.84858 8.01065 34-39 68.7 0 0
g Febr. 2022 1 34-39 71 0 0
= Imperia Jun. 2012 1 43.9301 8.2302 101 783 1 0.01
Aug. 2015 3 49-92 75.6 + 13.6 4 0.01 + 0.01
St. Stefano Shoal ~ Aug. 2019 2 43.79490 7.91910 49-92 684+97 10 0.08 & 0.08
Febr. 2022 2 49-92 665+ 8 24 018 +0.18
Sept. 2016 3 4471 713 + 125 5 0.03 +0.02
Bordighera Est Aug. 2019 3 43.76990 7.67639 71 542+ 7.4 10 0.06 + 0.02
Oct, 2021 3 4471 68.5+ 12 27 0.14 + 0.09
Sept. 2016 3 40-97 695 + 4.3 0 0
Bordighera West  Aug. 2019 1 43.77011 7.67047 40-67 81.6 + 13.9 0 0
Oct. 2021 1 40-67 783 + 125 0 0
Sept. 2016 3 242 845+ 6.4 0 0
Capo Mortola Apr. 2021 5 43.76952 7.56353 22_39 785 + 5.3 0 0
Sites, 13 Transects, 71 Specimens, 93

The temporal variation of the densities of the basket stars was tentatively correlated

with the parameters of the water column. The food supply for a coastal passive filter-feeder
in oligotrophic waters such as those of the Ligurian Sea [26] is considered correlated with
rainfall events [27]. Rainfall data in the different localities of the Ligurian Sea were obtained
from the ARPAL platform (https://ambientepub.regione.liguria.it/ (accessed on 1 June
2022)). Although water temperature anomalies were not recorded in mesophotic habitats so far,
we also checked for a possible influence of Sea Surface Temperature (SST) variation using data
derived from NOAA (US National Oceanic and Atmospheric Administration) satellite records,
available at www.esrl.noaa.gov/psd/cgi-bin/data/timeseries/timeseries1.pl (accessed on
1 June 2022). In particular, data about A. mediterraneus density were correlated with the total
amount of rainfall and the mean value of SST in the three months before each sampling.

The density variations were also correlated with the amount of rainfall in the different
macro-areas. It is indeed well known that Liguria’s rainfall regime is highly variable along
a West—East gradient [28]. In this way, the mean densities of A. mediterraneus within each
macro area were plotted vs. the corresponding mean annual rainfall (mean of the last
20 years). The significativity of correlation was tested through the Pearson correlation
coefficient (r).

A. mediterraneus is an acrophilic species, mainly recorded on sea fans. The influence of
sea fans on the distribution of the basket star was tested by comparing, in each macro-area,
the density of the coral forests (expressed as the number of colonies m~?2) in sites where
A. mediterraneus was recorded with sites where the species was absent (data obtained
from Enrichetti et al. [24]). The results were tested by Permutational Analysis of Variance
(PERMANOVA) (factor “macro-area” fixed, three levels; factors “presence-absence”, fixed,
two levels).


https://ambientepub.regione.liguria.it/
www.esrl.noaa.gov/psd/cgi-bin/data/timeseries/timeseries1.pl
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3. Results

The review of the scientific literature mentioning Astrospartus mediterraneus indicated
that the number of works remained low (<1 paper y~!) from 1800 to 2000, with a clear
increase in the last two decades, with values reaching 4 papers y~! after 2020 (Figure 1a).
At the same time, the number of observations coming from citizen science exponentially
increased from 2000 to present (Figure 1b).
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Figure 1. (a) Trends in the number of published scientific papers mentioning Astrospartus mediterraneus
per decade from 1800 to the present and (b) of the number of records obtained from the citizen science
databases divided per year from 2000 to the present.

Based on scientific literature and citizen records, the geographic distribution of the
species was updated (Table S1, Figure 2a), confirming the wide presence of A. mediterraneus
in the western basin, particularly in the Alboran Sea, the Catalan Sea, the Gulf of Lion the
Ligurian Sea and the Tyrrhenian Sea and in the Sicily Channel. The scarcity of records
for the Balearic Sea, Western Sardinian and Western Corse coasts was remarkable. At the
same time, the records were very scarce for the Eastern Mediterranean basin, with scattered
observations in the Ionian Sea, the Adriatic Sea, and the Sirte Gulf (Figure 2a; Table S1).

The occurrence of A. mediterraneus in the Ligurian Sea was assessed along the entire
coastline (Table 1; Figure 2b). The species was recorded in 28 out of the 37 explored sites
(75.6%), with 563 specimens counted in total. From a geographic point of view, in the
Eastern Ligurian Riviera (A1), A. mediterraneus was recorded in 66.6% of the sites and 45%
of the dives, with a total of 267 specimens; 98% of these specimens were recorded in the two
close sites of Portofino Cape and Manara Cape (Figures 2c and 3). In the central portion
(A2), the species was noted in 82% of the sites and 43% of the dives with 203 specimens.
More than half of these were observed at the Mantice Shoal (Figures 2d and 3). Finally, along
the Western Ligurian coast (A3), 77% of the sites and 28% of the dives hosted 93 specimens.
84% of these specimens were recorded at St. Stefano Shoal and Bordighera (Figures 2e and 3).

Regarding the depth range, the species was observed between 42 and 101 m, with
a peak between 60 and 75 m (Figure 4). All the individuals were found on gorgonians
(Eunicella cavolini (Koch, 1887), E. verrucosa (Pallas, 1766), Paramuricea clavata (Risso, 1827),
and Leptogorgia sarmentosa (Esper, 1791)) (Figure 5a—d) and on massive sponges (Aplysina
cavernicola (Vacelet, 1959), Sarcotragus foetidus Schmidt, 1862, Spongia lamella (Schultze, 1879),
and Axinella polypoides Schmidt, 1862) (Figure 5e).
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Savona

Imperia Ligurian
Sea

A. me density
o Absent

e 0.001-0.005
@ 0.005-0.1
0.1-0.5

.> 05

Figure 2. (a) Distribution of Astrospartus mediterraneus in the Mediterranean Sea and Atlantic wa-
ters. Red circles, scientific papers; white spots, citizen science observations; red stars, presence
without indication of geographic coordinates. (b) Map of the Ligurian Sea with indicated the stud-
ied sites in the three macro-areas (Al, Eastern Liguria; A2, Central Liguria; A3, Western Liguria).
(c—e) Enlargements of the three macro-areas. Red circles are sites with A. mediterraneus (the
size of the circle is proportional to the density of the specimens); white circles are sites without
recorded specimens.
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Figure 3. Sites in the three explored macro-areas (Al, Eastern Liguria; A2, Central Liguria; A3,
Western Liguria) were sorted according to decreasing order of recorded mean density (+SE).
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Figure 4. Percentage frequency distribution of the recorded specimens with depth.

The density of the sea fan forests significantly affected the presence of A. mediterraneus.
In fact, in all the three considered macro-areas, the basket star occurred in forests with a
mean density of about five colonies m~2, while it was absent in more scattered gorgonian
aggregations (Figure 6). The statistical analysis (PERMANOVA) confirmed significant
differences according to forest density, while differences among macro-areas were not
significant (Table 2).

The maximal mean density of basket stars in the macro-areas A2 and A3 was about
0.1 specimen m~2. In comparison, in the macro-area Al, the species density reached
0.43 £ 0.15 specimen m~2 in the Portofino Cape (Figure 3). In this site, the maximal
recorded density was 1.24 specimen m~?2 in July 2020.
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Figure 5. (a,b) Specimens of Astrospartus mediterraneus acrophilic on the sea fans Eunicella verrucosa,
(c,d) Paramuricea clavata, (e) E. cavolini (arrows) and (f) the sponge Sarcotragus foetidus. Scale bars: 10 cm.
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Figure 6. Mean density (=SE) of the gorgonian forests in sites with the presence (P) and absence (A)
of Astrospartus mediterraneus in the three studied macro-areas.
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Table 2. PERMANOVA was performed on sea fan density of the sites where Astrospartus mediterraneus
was found in the investigated period. Bray-Curtis similarity index used for the resemblance matrix
construction; permutation n = 9999. Significant values are in bold.

df SS MS Pseudo-F P (perm)
Presence/Absence 1 39,233 39,233 22.584 0.0001
Macro-Area 2 1962.3 981.14 0.56478 0.7617
Presence/Absence x Macro-area 2 1546.9 773.43 0.44522 0.87
Res 207 3.596 x 10° 1737.2
Total 212 4.0788 x 10°

At the regional scale, the temporal trend of the mean densities was variable, with a
main peak in July 2020 (Figure 7a). While data did not show any significant correlation
with a mean SST (Figure 7b), a strong relationship (r = 0.87) was evident with the amount of
rainfall in the three months before each survey (Figure 7c). The correlation with rainfall was
more robust in the summer months (r = 0.96) than in winter ones (r = 0.81). The correlation
between rainfall and basket star density during summer months was also very strong when
considering the three macro-areas separately (Figure 7d(A1-A3)).
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Figure 7. (a) Trend of the basket star density (£SE) in the entire sampling period. (b) Correlation
of Astrospartus mediterraneus density vs. the mean SST in the three months before the sampling.
(c) Correlation of A. mediterraneus density vs. total rainfall in the three months before the sampling.
(d) A1-A3, Correlation of the density vs. rainfall during the summer months (June-September) in the
three macro-areas.
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At the geographic level, rainfall amount also seemed to drive the differences among
macro-areas: a very strong correlation (r = 0.92) emerged between the mean density of
specimens per macro-area and annual rainfall (Figure 8).

0.12 ~

r=0.92 T
0.1 A

0.08 -

0.06 A

0.04 - {

0.02 A

Mean density (N m2)

0 T T 1
600 800 1000 1200

Mean annual rainfall (mm)

Figure 8. Correlation of the A. mediterraneus mean density (£SE) in the three considered macro-areas
vs. the mean annual rainfall in the area.

4. Discussion

In the last two decades, the records of Astrospartus mediterraneus coming from both
scientific papers and citizen science strongly increased. Although these two trends are
partially overlapping, they are attributed to different causes. Among them, the citizen
science records, in their totality due to diving activity, could be biased by the increment of
census projects involving diver volunteers and diving associations registered in the last
decades [29,30]. Nevertheless, these records well represent an increase in the abundance of
this charismatic species because divers typically re-visit the same dive spots over time, and
A. mediterraneus is among one of the most interesting encounters and, therefore, represents
a noticeable species. Observational data of one of us (GB) deriving from at least 40 years of
diving activity in the Portofino MPA indicate that before 2010 no specimen of this basket
star occurred in the standard depth range of scientific diving (0—40 m).

The records of the basket star in scientific studies have been influenced by the rapid
growth of research targeting the mesophotic communities in the Mediterranean Sea in the
last 20 years [31] and references herein] thanks to the now routine use of ROVs, although
sightings might be locally affected by variations of the species abundance. These considera-
tions agree with the high abundances observed in this present study for the Ligurian coast,
together with the impressive outbreak recorded from 2013 to present by fishermen in the
trammel nets in the area of Cap de Creus (Catalan Sea) [10,14]. In this last site, the number
of specimens was so high that the species represented a problem for artisanal fishermen,
wasting much time disentangling the ophiuroids from the fishing gear [32].

In an age of global changes, several species have drastically varied their abundance in
the Mediterranean Sea, acting respectively as winners or losers in terms of contribution
to the benthic communities [33,34]. Generally, the species showing the highest positive
or negative variations are organisms living in shallow waters, which are more prone to
temperature increases and human impacts [34,35]. Some of these shallow-water species,
in response to these stresses, have widened their bathymetric distribution to colonize
deeper waters, as in the case of algae, hydrozoans and several other benthic groups [34,36].
Mesophotic species (living between 40 and 200 m) are so far considered less influenced by
environmental changes. The case of A. mediterraneus is peculiar because there are no other
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typically mesophotic species known to have increased their abundance in the longterm. In
this regard, no bathymetric changes are reported, and our data agree with all the recent
papers indicating a higher abundance between 50 and 80 m [10,32].

It is not easy to hypothesize a possible driver influencing the abundance of A. mediter-
raneus. Generally speaking, environmental parameters shaping the structure and dynamics
of echinoderms populations are poorly understood [37], although some data indicate the in-
volvement of physical and biological factors [38], such as temperature [39,40] or availability
of food resources [41].

Temperature is considered an important variable determining the timing of reproduction,
with higher temperatures usually being triggers of gametogenesis and spawning [42—45].
As part of the climate change effects, the seawater temperature is globally rising [34,35],
and this phenomenon may extend the reproductive periods and enhance the reproductive
performance in northern populations of basket stars, such as those of the Catalan Sea [32]
and the Ligurian Sea. The megabenthic communities of the mesophotic zone are indirectly
influenced by atmospheric and shallow-water environmental factors, as plumes of warm
waters and turbid currents have been demonstrated to seasonally or occasionally reach
mesophotic depths [46,47]. However, so far, generalized temperature anomalies have not
been registered in the Mediterranean basin at these depths. In this study, no correlation
was found between basket star occurrence and SST, but the lack of mesophotic long-term
series might introduce a putative bias in this picture.

Regarding food availability for passive filter feeders, an increase in the productivity
of the Ligurian Sea with a clear shift in the period 1995-2007 was demonstrated [48]. This
increase in food availability temporally overlapped with the intensification of basket star
records in citizen sciences observations.

Although this species was considered rare in the Northern Mediterranean Sea [10,11],
in the decade 2012-2022, it was frequently recorded during our surveys. For this period,
we do not have a recorded, defined trend, but the number of specimens was found to be
highly variable among localities, years, and months.

In oligotrophic waters such as those of the Ligurian Sea [26], food availability for a
suspension-feeder organism is a strong constraint on its growth and reproduction. The
hydrological regime of the area varies from vertically isothermal winter conditions to strong
thermal stratification in summer and fall. Nutrients are depleted in the surface water layer
during summer oligotrophic conditions and re-injected during winter mixing. During
summer, strong rainfall events can increase the availability of nutrients in the surface
layer [27] but also in deeper waters, determining the sedimentation of coarse organic
detritus able to “pierce” the water stratification and reach the mesophotic zone [47,49,50],
especially along rocky cliffs where coastal gorgonian forests are present, together with their
acrophilic epibionts.

Along the Ligurian coast, the amount of rainfall is a good driver at a geographic level
in solving the different abundances of A. mediterraneus in the three considered macro-areas.
In fact, the mean density of specimens progressively decreases from East to West, and this
trend is completely in agreement with that of the mean annual amount of rainfall. The
influence of rainfall reaching the sea through the rivers’ mouth is clarified considering, for
example, the situation of the Tigullio Gulf, in the center of the Ligurian Arc, the area with
the higher amount of recorded basket stars. The presence of A. mediterraneus at Manara
Cape is related to the input of the close Petronio River (mean flow rate 1.24 m3 s~1). The
high basket star density recorded on the Portofino Cape is driven by the Entella River
(mean flow rate, 15.88 m3 s 1), the plumes of which reach this area thanks to the surface
current of the Gulf [51,52]. It is remarkable that in other sites present on the Promontory
(Inglesi Cove and Isuela Shoal) that are sheltered by Portofino Cape, the species was never
found (Figure 9).
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Figure 9. Map of the Tigullio Gulf, the zone characterized by the highest recorded densities of
Astrospartus mediterraneus. The arrows indicate the inputs of the two main rivers of the area (Entella
and Petronio). The arrow thickness is proportional to the mean flow rates. The dashed line represents
the direction of the main current in the Gulf.

Other ecological parameters could be invoked to explain the different local abundances
of the species, sometimes in very close sites. Very likely, geomorphological features, such
as the occurrence of topographic rocky reliefs exposed to moderate to strong currents
enhance the presence and the density of the gorgonian forests, which, in turn, may play
an important role in the A. mediterraneus presence and abundance. In the Ligurian Sea,
gorgonian forests are abundant although irregularly distributed [18]. Our data clearly
indicate that the density of the forest is an important driver in conditioning the presence of
A. mediterraneus. It is intriguing that, generally, the species was recorded in forests with a
colony density of around 5 colonies m~2. This evidence strongly suggests a “forest effect”
that could, for example, determine a level of water movement ideal for this passive filter
feeder [53,54].

At the temporal level, the comparison of the data of abundance with the amount
of rainfall in the three months before each survey indicates a strong linear correlation.
The evidence that the correlation between rainfall and the occurrence of basket stars is
stronger in summer months is probably related to the particularly oligotrophic waters of
this period. In these conditions, a TOM (total organic matter content) input due to heavy
rainfall produces a drastic change in the trophic conditions of a site. In winter, the effect of
precipitation is probably softer due to a higher basal level of TOM.

The variations of the specimens’ density in a specific site in relation to a putative food
input remain an unresolved issue. A possible hypothesis could be related to reproductive
phenomena triggered by an increase in trophic resources. Unfortunately, information
about the reproduction and ontogeny of A. mediterraneus is very scarce. Hendler [55]
described for this species very large oocytes, which strongly suggest direct development
and hence limited dispersal. ROV footage does not allow the observation of small post-
metamorphic stages, and due to their high complexity, the size measurement of adults is
difficult; therefore, we were not able to document a true reproductive event.

Contemporaneously (or alternatively), the sudden increase in food availability at
the base of the cliffs may attract individuals from the surroundings, which may move
towards the source of the food input. This latter hypothesis seems the most plausible
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but disagrees with the already suggested relatively low mobility and host fidelity of this
basket star [12,13]. Although a single datum is not conclusive, it is suggestive that, in the
station of Manara Cape W, the density of basket stars drastically declined in one month
(October-November 2020) from 0.22 to 0.02 specimens m~2 (Table 1).

In conclusion, this study strongly suggests that the distribution of A. mediterraneus is
related to the food supply and the presence of the hosting species. Probably, food variation
is also the driver of the differences recorded at the temporal level, putatively attributed
to aggregation and dispersion of the individuals in relation to local increases in food
availability due to terrestrial inputs related to rainfall. Ata more general level, scientific
reports and citizen science data indicate an expansion of this basket star in the Northern
Ligurian Sea in the last decades, probably due to an observed TOM increase.
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