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Abstract: The Salento peninsula in southern Italy (Mediterranean Sea) is a strip of land between the
Adriatic and the Ionian Seas, both characterized by local regimes of currents, different geological
and physical backgrounds, and quite diversified fauna. In this area, specimens of the sea cucumber
Holothuria tubulosa (Briinnich, 1768) (Echinodermata) were collected at four stations in the spring
and autumn of 2020 to investigate a possible symbiotic association with the inquiline fish Carapus
acus (Briinnich, 1768). Among the collected holothurians, five pearlfish specimens were found in the
body cavity of four H. tubulosa collected at 10 m of depth, in autumn, at “Grotta Verde” in Marina
di Andrano, Lecce (Ionian Sea). More than half of the sea cucumbers from the latter station hosted
the symbiont, suggesting the presence of a shallow population of C. acus inhabiting this coastal area.
Furthermore, morphometric analysis carried out on the collected fish helped to shed light on the
population dynamics characterizing this neglected species. This is the first report of C. acus from
Apulian waters, allowing us to unite previously disjoined areas and providing essential baseline
knowledge for planning future in-depth analysis of this difficult-to-study fish in a geographical area
that is strategic in terms of the conservation of Mediterranean biodiversity. Furthermore, the range of
preferred host species is extended, as C. acus was previously known to prefer other sea cucumber
species such as Parastichopus regalis (Cuvier, 1817) instead of H. tubulosa. Finally, the finding of C. acus
in a single station and in only one season is not trivial and delivers baseline useful information for

future conservation purposes.
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1. Introduction

The Mediterranean Sea is the largest and deepest enclosed sea on Earth. Located
between Africa, Europe, and Asia, it is a hotspot of terrestrial and marine biodiversity [1-3].
Currently, it is known to host more than 17,000 described marine species [3], and although
it occupies only 0.82% of the ocean’s surface, it is home to about 10% of the world’s marine
species [1]. Even though the Mediterranean basin is one of the most studied seas in the
world, there are still important gaps in knowledge on taxonomy, distribution, abundance,
and temporal trends of occurrence for many taxa [3,4]. Currently, increasing efforts are
being made to investigate the distribution ranges of Mediterranean species, but to date,
fine-scale knowledge of their biodiversity and geographical distribution is still lacking [5].

Holothuroidea, commonly known as sea cucumbers, is a class of Echinoderms widespread
worldwide in both shallow and deep areas of the marine environment [6-8]. Holothurians
are a key benthic group in marine ecosystems [9]. Being active sediment rearrangers [10,11],
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they alter bottom stability [12] by playing a key role in the recycling of organic matter [13,14];
act as a repository of biological materials [9]; and regulate water quality by influencing
its carbonate content and pH [14]. They have recently also proved useful as indicators
of microplastic pollution in marine sediments, allowing us to shed light on interactions
between this widespread pollutant and marine detritivores [15,16]. Holothurians are an im-
portant component of the trophic chain; they are food for a wide range of predators [9,17,18]
in both shallow and deep water [9,10,19]; in fact, they are preyed upon by starfish, sea
otters (Enhydra lutris L. 1758), crustaceans (e.g., crabs), gastropods, fish, birds, turtles, and
marine mammals. Due to their ecological role in the marine environment, holothurians
fall under specific protection protocols that prohibit their collection (Italian Ministry of
Agriculture and Forestry, Law No. 156; 27 February 2018). Holothurians contribute to
ecosystem richness by hosting more than 200 species of commensal symbionts and par-
asites (both externally and within their celom or respiratory tree) [9,20]. Symbiosis is an
intimate interaction between different organisms of different species [21]. It is common
in marine environments among different species [22], and it takes place in various forms
like commensalism, mutualism, and parasitism [23]. Indeed, numerous species live in
association with larger invertebrates, such as echinoderms [24,25], with a variety of fish
living in association with different invertebrates, including holothurians [26].

Carapus acus (Briinnich, 1768), commonly known as “pearlfish” [27], is a fish with
an elongated, slender, scaleless, and eel-shaped body. It has long dorsal and anal fins
that join at the end of the tail. Alive, the body is translucent and reddish with about
14-15 silver iridescent dots located on the flanks. The snout is round with a wide opening
of the mouth [28] and—according to Parmentier and collaborators [29,30]—has conical
teeth and several small internal ones. Reproduction occurs from July to September [31].
This species has an eastern Atlantic-Mediterranean distribution. In the Mediterranean Sea,
the occurrence of C. acus is widespread, as it has been reported from Morocco, Tunisia,
Spain, the Balearic Islands, France, Italy, Croatia, Malta, and Greece [16,26,32-37], but data
about its distribution, biology, and ecology are very scarce [33]. In Italy, this species has
been reported from Sicily, Calabria, Naples, and Genoa [16,32,38,39]. In the Mediterranean
Sea, C. acus is among the species that infest sea cucumbers and has been reported in
association with several species of Holothuriida (Holothuria helleri Marenzeller von, 1877;
H. poli Delle Chiaje, 1824; H. sanctori Delle Chiaje, 1823; H. stellati and H. tubulosa (Briinnich,
1768)) [32,40-43]; however, it seems to prefer species of the order Synallactida (Parastichopus
regalis (Cuvier, 1817)) [43—46]. The association between these two organisms is a commonly
seen relationship between an invertebrate host and a vertebrate [47,48]. Carapus acus enters
a respiratory tree, and afterward, it may quickly enter the celom of the holothurian, where
it finds protection from predators, a source of food, and a place to spawn [47]. At night,
the species leaves the host to feed on small benthic invertebrates and small fish [31,49,50].
As happens in certain clownfish, the protection system of carapids can be twofold: a non-
dependent system, which is represented by the absence of discharge from the Cuvierian
tubules when the fish enters the host, and the possible resistance of the gills to toxins. The
latter still remains to be shown [51]. Although it is a very well-known species, reported
almost everywhere in the Mediterranean Sea, knowledge of its distribution is very local
and fragmented, as are its biology and ecology. In fact, apart from some specific work
focused on a restricted geographical area and sporadic reports, to date, there remain many
knowledge gaps regarding this very elusive species.

Taking all these issues into consideration, the main aim of the present work is to
investigate the possible presence of neglected populations of C. acus in southern Italy along
the Salento peninsula, right in the middle of the known distribution range of this species,
as there are no reports so far, and to possibly fill some gaps in the knowledge of its biology
and ecology.
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2. Materials and Methods
2.1. Sampling Collection

In the framework of a project of the University of Salento aimed at investigating the
possible presence of Carapus acus in the Salento peninsula, specimens of the sea cucumber
Holothuria tubulosa (Echinodermata) were collected from the studied area, including both
Ionian and Adriatic sites [15]. Two sampling campaigns were carried out in the spring and
autumn of 2020, sampling at four different sites located in the Ionian Sea (Stations 1, 2, and
3) and in the Adriatic Sea (Station 4) (Figure 1).

N

A

SZ4
*

SZ41
*

sz2 %
*

SZ 4
*

* SZ3

SZ1
‘QSZZ

0 ~ 100 200 km
]

Figure 1. Sampling stations along the Salento peninsula. SZ 1—"“Chiapparo”, Santa Caterina,
Lecce (40°08'28.2" N 17°58'46.1" E); SZ 2—*Torre Vado”, Morciano di Leuca, Lecce (39°49'46.3" N
18°16/38.6" E); SZ 3—“Grotta Verde”, Marina di Andrano, Lecce (39°57/48.1" N 18°24'18.2" E); SZ
4—"Torre Guaceto” M.P.A., Brindisi (40°42'48.2" N 17°48'30.5" E).

At least four adult specimens of H. tubulosa were collected per station and per each
season through scuba diving at 10 m of depth, a bathymetric range poorly explored for
this species. Considering the possible influence of the bathymetry in conditioning the
presence/absence of the pearlfish [33], the sampling depth was kept constant to control
this variable. Each collected individual was wrapped in aluminum foil directly underwater
and placed in an aluminum thermos bottle with a wide opening to prevent the possible
escape of the inquiline from the body of its host during transport. Once collected, the
samples were cataloged with a tag indicating the station and the date and finally stored at
—20 °C at the Department of Biological and Environmental Sciences and Technologies of the
University of Salento (DiSTeBA) for anatomical dissection and further laboratory analysis.
The collected samples were photographed, thawed at 37 °C, and then measured for both
dimensions and weight. The dissection of the individuals was carried out by making a
longitudinal incision on the dorsal side to keep the digestive system intact. Whenever
dissection revealed the presence of one or more pearlfish specimens, they were individually
photographed, measured, weighed, cataloged with a unique ID code, and preserved in
EtOH 96%.
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2.2. Morphometric Analyses

After the dissection of the sea cucumber and the isolation of the pearlfish specimens,
the latter were weighed with a Napco Ja-210 precision electronic balance and measured
with a ruler. Eight morphometric measurements were evaluated: total length (TL), body
depth (BD), head length (HL), eye diameter (ED), pre-orbital length (PoL), pre-pectoral
length (PpL), pre-dorsal length (PdL), and pre-anal length (PaL) [35] (Figure 2).
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>

Figure 2. Morphometric measurements acquired: total length (TL), body depth (BD), head length
(HL), eye diameter (ED), pre-orbital length (PoL), pre-pectoral length (PpL), pre-dorsal length (PdL),
and pre-anal length (PaL).

To assess the developmental stage of the recorded specimens, the relative ratios
between body, head, and pectoral lengths [32] were calculated and considered together
with all the measurements reported above. After morphometric analysis, all specimens
were preserved in ethanol and stored at the Laboratory of Zoology and Marine Biology
of the Department of Biological and Environmental Sciences and Technologies, of the
University of Salento (Lecce, Italy).

3. Results

During the two sampling campaigns that occurred in the spring and autumn of 2020,
24 scuba dives were carried out at four sampling stations along the Salento peninsula. A
total of 47 H. tubulosa specimens were collected at a 10 m of depth, but only within the four
holothurian specimens collected in autumn from “Grotta Verde”, Marina di Andrano (LE)
(5Z3 in Figure 1) did we find C. acus individuals (Table 1) (Figure 3). Additionally, three
samples contained only one pearlfish, while one sea cucumber contained two individuals.

Figure 3. (A) “Grotta Verde” in Marina di Andrano (LE) (SZ3); (B) Carapus acus individual from SZ3;
(C) Holothuria tubulosa from the studied area.
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Table 1. Localities, geographical coordinates, and seasons for the holothurian specimens collected
during this study. Numbers above the seasons indicate the number of sea cucumbers collected. The
asterisk (*) indicates the presence of the inquiline C. acus found in four out of the seven holothurians
collected in autumn from Station 3 (SZ3).

ID Station Locality Coordinates Spring Autumn
“Chiapparo” 40°08'28.2" N
571 S. Caterina 17°58/46.1" E > !
Nardo (LE)
Torre Vado 39°49'46.3" N
522 Morciano di 18°16/38.6" E 8 °
Leuca (LE)
“Grotta Verde” 39°57/48.1" N
523 Marina di 18°24'18.2" E * 7
Andrano (LE)
Torre Guaceto 40°42'48.2" N
SZ4 M.P.A (BR) 17°48/30.5" E 8 >

3.1. Morphometric Analyses

The results of the fish morphometry (Table 2) showed a total length ranging from 5.9
to 17.9 cm, with an average of 9.73 + 4.84 cm, while wet weight ranged from 0.08 to 0.34 g,
with an average of 0.22 &= 0.10 g. Table 2 also shows the measurements and weights of the
holothurians containing the pearlfish specimens.

Table 2. Morphometric analyses of the four collected H. tubulosa specimens and their five respective C.
acus symbionts. Legend: wet weight (Ww), total length (TL), body depth (BD), head length (HL), eye
diameter (ED), pre-orbital length (PoL), pre-pectoral length (PpL), pre-dorsal length (PdL), and pre-
anal length (PaL). The asterisk (*) highlights the holothurian specimen (ID: A13) that simultaneously
hosted two pearlfish individuals (A13.1 and A13.2).

H. tubulosa | Ww TL BD C. acus Ww TL BD HL ED PoL PpL PdL PaL
Sample (g (cm)  (cm) Sample (g) (cm) (cm) (m) (m) (cm) (cm) (cm)  (cm)
A10 166.5 16.6 4.5 A10.1 0.34 17.9 0.3 0.40 0.10 0.10 0.60 0.70 0.60
Al1 112.1 16.0 3.5 Al1.1 0.19 7.0 0.4 0.80 0.10 0.30 0.50 0.60 0.70
Al12 134.5 14.0 3.0 Al12.1 0.23 10.1 0.4 0.65 0.15 0.15 0.70 0.80 0.60
A13 * 1512 155 40 A13.1 0.08 5.9 0.3 0.65 0.10 0.15 0.65 0.70 0.70
Al13.2 0.25 7.7 0.4 0.70 0.20 0.20 0.70 0.75 0.90

Based on the body, head, and pectoral lengths and the ratios between them, as reported
in [33], the individuals in this study were identified as a tenuis larva (A10.1) and juveniles
(A11.1, A12.1, A13.1, and A13.2) (Figure 4).

3.2. Comparison between Apulian C. acus and Populations from Other Localities

To investigate possible differences between Apulian and other populations, our results
were compared with those observed by Enajjar and Bradai (2016) [35] on the Tunisian
coast; El Aamri and Tamsouri (2018) [34] on the Moroccan coast; and Mezali and Khodja
(2021) [28] on the western Algerian coast, and the results are reported in Table 3.
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Figure 4. (A) The tenuis larvae of Carapus acus found in the holothurian with code A10; (B-D) Juvenile
specimens at different stages.

Table 3. Ranges of the morphometric measurements of the five individuals of Carapus acus found in
Salento (present study) and their comparison with those already published [28,34,35] and obtained
from Tunisian, Moroccan, and Algerian specimens. Legend: wet weight (Ww), total length (TL), body
depth (BD), head length (HL), eye diameter (ED), pre-orbital length (PoL), pre-pectoral length (PpL),
pre-dorsal length (PdL), and pre-anal length (PaL).

Number of individuals

Ww (g)

TL (cm)

BD (cm)
HL (cm)
ED (cm)
PoL (cm)
PpL (cm)
PdL (cm)
PaL (cm)

"Tunisia ) Moroc.co l}lgeria ' Salento, Italy
(Enajjar and Bradai, (El Aam'rl and (Mezali and Khodja, (Present ’S tudy)
2016) Tamsouri, 2018) 2021)
1 10 7 5
- - 0.47-4.11 0.08-0.338
13.61 14.50-21.00 9.00-16.60 5.90-17.93
0.54 1.20-1.90 0.59-1.50 0.30-0.40
1.61 1.30-1.60 1.10-2.20 0.40-0.80
0.34 0.30-0.50 0.20-0.40 0.10-0.20
0.33 0.30-0.50 0.20-0.40 0.10-0.30
1.77 1.70-2.40 1.00-2.25 0.50-0.70
2.16 2.90-4.20 1.50-3.80 0.60-0.80
191 1.50-2.60 1.00-3.20 0.60-0.90

4. Discussion

The present study reports, the first discover of the pearlfish Carapus acus at the Salento
peninsula in southern Italy. Five individuals were found and collected from the body
cavity of the Holothuroidea Holothuria tubulosa during an autumn sampling campaign
at the “Grotta Verde” station in Marina di Andrano (SZ3) (Figure 3). Future and more
specific samplings, considering both biotic and abiotic factors, will help to unveil specific
environmental features positively influencing the presence of the pearlfish in this specific
locality instead of in the other areas. The present finding, which is the first for this pearlfish
in the Apulia region, allowed us to better investigate this neglected species shedding some
light on the biology and ecology of this very cryptic fish. Interestingly, even if this Italian
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coast is considered a hot spot of biodiversity and constantly monitored—being a strategic
area for early warnings of non-indigenous species—no records of C. acus have occurred
until now. This case highlights the need to study Mediterranean biodiversity more in
depth to better understand these species’ biology and their role in ecosystems, especially
important for those taxa able to establish strong interspecific ecological relationships.

C. acus is a broadly well-known species; however, fragmented and, in some cases,
discordant data have been reported so far. The pearlfish’s preference for one or another
holothurian species is an example of this, as Trott [48] reported that, when pearlfish indi-
viduals have the choice to pick their host, they select only H. tubulosa, while, more recently,
other authors [26] have indicated Parastichopus regalis as the preferred Holothuroidea. Our
observations support the association with the former holothuroid, but additional compar-
isons should be performed to confirm this ecological aspect. In this context, it could be
very interesting to test if bathymetry can alter this preference, shifting it from H. tubulosa
to other holothurian species as depth increases. Another very interesting and confusing
aspect concerns the exact location of the pearlfish in the holothurian body. In fact, some
authors indicate the anus and the digestive system as the locus in which the C. acus lives,
but others refer to the “celom” and the “celomic cavity” or the “respiratory tree” as the
holothurian body cavity chosen by the fish. This aspect is not trivial and highlights the
scanty information that is currently available on this interesting fish. Regarding this last
point, it should be considered that C. acus shows different behaviors during its life cycle,
as it seems to act as a parasite when the larva enters the holothurian, and it never moves
from it as it becomes more commensal, or it simply becomes an inquiline in the juvenile
and adult stages, when it seems to regularly come out from the sea cucumber at night to
feed and then returns for protection during the day [46,48,52]. This complicated life cycle
could have generated some confusion on the way the pearlfish can reach the celomic cavity
from the cloaca during its movements to and from the outside, especially considering that
the celoma is defined as an internal cavity that is not in communication with the outside.
On the other hand, it seems impossible that the fish could live inside the digestive system,
which, in holothurians, is full of compact hard detritus. Our observations confirm the
presence of larvae and juveniles in the holothurian’s body cavity where the respiratory
trees are located. Three of our sampled holothurians contained only one pearlfish specimen,
while one contained two; this interesting situation is in line with what has already been
noted by other authors [31,43], confirming that sexual pairs of pearlfish can be found in
sea cucumbers, which are believed to also serve as breeding sites [26]. Finally, collecting
holothurian specimens in two different seasons proved to be useful and showed the pos-
sible differential occurrence of the pearlfish in the same area throughout the year: in fact,
all the C. acus individuals were found only in autumn from Station 3. Another interesting
consideration should be made regarding the depth and habitat in which we found these
Apulian pearlfish since they were collected in a shallower (10 m of depth) coastal area,
contrary to what has already been reported for eastern Adriatic Sea [33,53-56]. Ecological
observations and morphological data on interesting and poorly known species like the
cryptic pearlfish C. acus are of fundamental importance because they allow us to fill some
gaps in our knowledge of Mediterranean diversity and the delicate relationships occurring
between different marine organisms. Knowledge of these biological and ecological aspects
is indeed also the baseline step for planning future studies on this difficult-to-study fish
in a strategic locality, like the Salento peninsula, and promoting effective conservation
strategies aimed at preserving Mediterranean marine ecosystems and biodiversity.
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