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ABSTRACT ARTICLE HISTORY
This paper reports the first occurrence of five species of symbiotic copepods associated Received 29 January 2026
with ascidian species collected in two Sicilian harbours (southern lItaly) in the central Accepted 8 April 2026

Mediterranean Sea. These findings integrate the poor information on the symbiotic First Published
copepods in ascidian species, with the description of Haplostomides magnus n. sp. 1 May 2026
(Cyclopoida: Botryllophilidae) found as commensal in the colonial ascidian Polyclinum KEYWORDS
aurantium. The morphological diagnostic features of the new species include a caudal Ascidian hosts; biofouling;
ramus bearing two spines and two setae, a unique armature condition within this genus. commensal copepods;
Brief descriptive notes are also provided for several species of copepods associated with Haplostomides magnus n. sp;
ascidian species: Lichomolgus canui Sars G.0., 1917 (Cyclopoida: Lichomolgidae), found Mediterranean biodiversity
in Styela plicata, Doropygus pulex Thorell, 1859 (Cyclopoida: Notodelphyidae), found in

Ascidiella aspersa, and Pachypygus gibber (Thorell, 1859) (Cyclopoida: Notodelphyidae)

collected among the fouling community. A species belonging to the genus Asterocheres

(Siphonostomatoida: Asterocheridae) was also found associated with Styela plicata.

Introduction

The Mediterranean Sea hosts an exceptionally rich and diverse biota and is therefore recognized as a major
global biodiversity hotspot (Coll et al. 2010). The richness of the Mediterranean Sea is largely due to the high
variety of coastal environments, which is assisted by a vast number of islands and archipelagos. Sicily Island,
situated at the centre of the basin, supports a remarkable diversity of marine organisms that has been
demonstrated to reflect the biodiversity of the Mediterranean region (Bianchi & Morri 2000; Lo Brutto et al.
2021). Its marine fauna is relatively well known, except for some neglected taxa that have been overlooked
due to the scarcity of specialists, inadequate sampling, or low occurrence (Lo Brutto et al. 2024).

Copepods are small aquatic crustaceans exhibiting a wide range of life strategies, including free-living
(pelagic and benthic) and parasitic modes of existence. They also occur across all salinity and temperature
regimes, from inland freshwater to the marine deep sea (Morales-Serna et al. 2012). Benthic copepods
inhabit many coastal habitats; nevertheless, their specific contributions to biofouling communities remain
poorly documented.

There is evidence that copepods are members of biofouling communities, where they graze on biofilm
and microalgae (Weitere et al. 2018) and are parasitic of or commensal with sessile dominant species.
However, significant knowledge gaps exist regarding their trophic role and the functional significance within
specific host organisms or on basibionts. In a study of the biofouling developed on nylon net panels
submerged in the central Red Sea, copepods were identified as one of the taxonomic groups colonizing
the experimental substrates, alongside polychaetes, amphipods, isopods, bivalves, gastropods, ascidians,
and macroalgae (Salama et al. 2018). This study documented the presence of copepods across different
seasons and depths, indicating their consistent occurrence in biofouling assemblages.

A substantial yet often overlooked component of copepod diversity are parasitic species. Parasitic or
symbiotic copepods form a highly diverse and morphologically polymorphic group, exhibiting a wide
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spectrum of host-symbiont relationships ranging from temporary associations to permanent, obligate
parasitism. These interactions are frequently accompanied by pronounced modifications in life cycles and
body morphology relative to free-living forms.

Most of the known marine parasitic copepods belong to the orders Cyclopoida Burmeister, 1834 and
Siphonostomatoida Burmeister, 1835.

Recent papers have reported the occurrence of some symbiotic copepod species as commensal of
tunicates in biofouling communities in Sicilian harbours (Lo Brutto et al. 2024, 2025) which suggests that
the sampling effort in some other biofouling communities needs to be improved. In particular, the com-
mensal copepod Bonnierilla similis lllg and Dudley, 1961 (Cyclopoida: Notodelphyidae) was found inside the
branchial sac of the solitary ascidian Styela plicata (Lesueur, 1823) (Lo Brutto et al. 2025). The authors
discussed the possibility that these commensal species were undergoing a range expansion, potentially
facilitated by maritime traffic, one of the most probable pathways for the spread of ascidian species
(Mastrototaro et al. 2022; Montesanto et al. 2023), and emphasized the need for further sampling to clarify
its distribution in the Mediterranean Sea.

Moreover, the further record of cyclopoid copepods of the family Botryllophilidae Sars G.O., 1921, in Sicily
(central Mediterranean Sea) (Lo Brutto et al. 2024) needed a deeper taxonomic investigation, as they had not
yet been identified to the species level. Since botryllophilids are obligate symbionts of ascidians, the authors
emphasized that records of these tunicate-associated copepods in the Mediterranean are scarce, largely due
to limited sampling and taxonomic expertise in both taxa.

This paper presents the results of a targeted sampling effort aiming at detecting the symbiotic relation-
ship between ascidians and copepod species, and at describing a new species of botryllophilid copepod,
Haplostomides magnus n. sp., currently known only from the Palermo site on the northern coast of Sicily. In
addition, the survey was expanded to include the broader copepod assemblage associated with fouling
communities along the Sicilian coast (central Mediterranean Sea, Italy), revealing a previously overlooked
component of regional biodiversity.

Materials and methods

Two sampling sites were located within the ports of Palermo (La Cala station, 38.119867N, 13.369017E), and
Licata (Molo Marianello station, 37.094288N, 13.934108E) (Figure 1). Palermo is located on the north-western
coast of Sicily and overlooks the Tyrrhenian Sea, while Licata is located in the south-western coast of Sicily
and faces the Sicilian Channel (Figure 1).

The Palermo site is a semi-natural enclosed marina close to the commercial and touristic harbour,
characterized by low-energy hydrodynamics with an average depth of 7 m. Being located in a densely
populated urban area and close to a large commercial port, the area is subject to significant anthropogenic
impact (historical urban waste disposal, recreational boat traffic). The Licata site represents a more dynamic
environment, characterized by transitional waters due to its proximity to the mouth of the Salso River,
subject to greater variability in physicochemical parameters and moderate coastal hydrodynamics.

Fouling communities were sampled between 2023 and 2025 from mooring lines at depths between 0 and
2 m. The sampling at the Palermo marina was carried out on 5 December 2023, 28 March 2024, 18 April 2024
and 27 November 2024, while at the fishing port of Licata sampling occurred on 29 March 2025. The fouling
community was sorted using a Nikon SMZ25 stereoscopic microscope. The tunicates were opened, and
copepods were collected from inside the hosts. The copepods were collected alive. The specimens were
identified to the lowest possible taxonomic level. The identification here reported focused on the copepod
assemblage associated with the fouling invertebrates.

Prior to microscopic observation, the shrunken, alcohol-preserved specimen (see fig. 3 in Lo Brutto et al.
2024) was immersed in lactic acid for approximately 10 h to facilitate its expansion. Dissected appendages
were observed using the reverse slide method of Humes and Gooding (1964). Drawings were made with the
aid of a microscope (Olympus BH-2) equipped with a drawing apparatus and a magnification changer.
Dissected appendages were mounted on two slides, using Hoyer's mounting medium. Identification keys
were used for accurate morphological identification of tunicates (Brunetti & Mastrototaro 2017; Montesanto
et al. 2022).
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Figure 1. Sampling sites. A, Map showing the sampling area within the Mediterranean Sea, along the Sicilian coast. The two
sites are indicated: Palermo — the La Cala marina (red) and Licata — Molo Marianello (yellow). B, Map of the Palermo marina
located within the harbour area of Palermo. C, Map of the Licata station located within the fishing port area of Licata. The
maps were generated using Google Earth (https://www.google.it/intl/it/earth/index.html); (A) satellite pictures by ©2026
Google, Landsat/Copernicus and (B, C) ©2026 Google, Airbus.

Results

In both Sicilian ports, the fouling community appeared to be diverse, mainly composed of porifer-
ans, cnidarians (anthozoans and hydrozoans), polychaetes (serpulids and syllids), molluscs (bivalves
and gastropods), bryozoans, and ascidians. Regarding this last taxon, the solitary S. plicata and the
compound Polyclinum aurantium Milne Edwards, 1841 were present in Palermo harbour; while the
solitary Phallusia mammillata (Cuvier, 1815) and Ascidiella aspersa (Miiller, 1776) were present in
Licata harbour.

The copepod fauna comprised the free-living harpacticoid Eudactylopus andrewi Sewell, 1940
(Harpacticoida: Thalestridae), here reported for the first time from Italian waters.

The list of symbiotic copepod species presented here includes a species that was sampled during the
sampling effort and previously published as the first record of the region (Lo Brutto et al. 2025); specifically,
the B. similis records were included in the dataset.

Six symbiotic copepod species were recorded (Table 1), five belonging to the order Cyclopoida, identified
at the species level, and one to the order Siphonostomatoida identified at the genus level. A new species, H.
magnus n. sp., is herein described and figured. Only four females were found at the Palermo site, one
collected on 5 December 2023, two on 28 March 2024, and one on 27 November 2024. All specimens were
found within the colonial ascidian P. aurantium (Figure 2).
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Table 1. Copepod species collected in the fouling communities of the central Mediterranean Sea. N, number and sex of the
collected individuals.

Order Family Species N Host/association Locality
CYCLOPOIDA
Botryllophilidae  Haplostomides magnus n. sp. 4% Polyclinum aurantium Milne Edwards, 1841  Palermo
Lichomolgidae Lichomolgus canui Sars G.0., 1917 6% Styela plicata (Lesueur, 1823) Palermo
Notodelphyidae  Bonnierilla similis |llg and Dudley, 1961* 359  Styela plicata (Lesueur, 1823) Palermo
Notodelphyidae  Pachypygus gibber (Thorell, 1859) 2%  Found among fouling animals** Licata
Notodelphyidae  Doropygus pulex Thorell, 1859 7% Ascidiella aspersa (Muller, 1776) Licata
SIPHONOSTOMATOIDA
Asterocheridae Asterocheres sp. 18 Styela plicata (Lesueur, 1823) Palermo

Note: *In Lo Brutto et al. (2025).
**The copepods accidentally escaped from the host.

Figure 2. A, Colony of the compound ascidian Polyclinum aurantium. B, Red arrows point to the common cloacal apertures
of Polyclinum aurantium colony. C, D, a specimen of Haplostomides magnus n. sp. within the tunic of P. aurantium.

On 18 April 2024, at the Palermo site, six female specimens of the cyclopoid Lichomolgus canui Sars G.O.,
1917 and one siphonostomatoid (Asterocheres sp.) were found associated with S. plicata, presumably after
being expelled by the tunicates.

A total of 35 specimens of B. similis were recorded in the branchial sac of S. plicata collected at the Palermo
site (see Lo Brutto et al. 2025 for details).

At the Licata site, two notodelphyid species were found: two females of Pachypygus gibber (Thorell, 1859)
among fouling organisms and seven females of Doropygus pulex Thorell, 1859 inside three Ascidiella aspersa.
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Supplementary descriptions of the females of L. canui, P. gibber and D. pulex are presented, along with
some updates and remarks.

Systematics

Class Copepoda Milne Edwards, 1840
Order Cyclopoida Burmeister, 1834
Family Botryllophilidae Sars G.O., 1921
Genus Haplostomides Chatton and Harant, 1924
Haplostomides magnus n. sp.

Figures 3, 4, 5(A)

Etymology. The specific name, derived from the Latin magnus, meaning “large”, refers to the large body size
of the new species in comparison with the size of the known species of the same genus. It is in the
nominative singular, gender masculine.

Differential diagnosis. Body vermiform, unsegmented. Caudal ramus small, incompletely articulated from
abdomen, tapering, about 1.3 times longer than wide, armed with 2 distal spines. Antennule unsegmented,
bearing 10 setae. Antenna 2-segmented, with 2 claw-like spines on second segment. Mandible indistinctly 2-
segmented. Maxillule 2-segmented, with 2 and 4 setae on first and second segments, respectively. Maxilla as
broad lobe, bearing 2 setae. Maxilliped 4-segmented; first and third segments unarmed; second and fourth
segments with 2 setae and 1 claw, respectively. Leg 1 biramous; protopod bearing 1 outer seta; exopod with
1 seta on outer margin and 1 claw-like, bifurcate spine distally; endopod small, unarmed, bearing nipple-
shaped knob at inner distal corner. Legs 2-4 like leg 1, but inner distal knob of endopod not prominent. Leg 5
absent.

Description

Type material. Holotype (female, dissected and mounted on two slides) from the compound ascidian
Polyclinum aurantium, Palermo Port (La Cala station, 38.119867N, 13.369017E), Sicily, Italy. Collector:
Antonina Badalucco, date 5 December 2023. Holotype has been deposited in the Honam National
Institute of Biological Resources, South Korea (deposition code HNIBR 1V25093). Three additional voucher
specimens (females) were collected along with the holotype and were kept by S. Lo Brutto for future
molecular analyses.

Female. Body (Figure 3(A,B)) vermiform, elongated, slightly depressed dorsoventrally, unsegmented, but
with slight ventral and dorsal constrictions defining cephalothorax, second and third pedigerous somites,
and remaining posterior parts (Figure 3(B)). Body length 4.40 mm in holotype. Maximum width 773 ym at
level of leg 4. Posterior part of body bearing no constriction. Cephalic region small (Figure 3(A-C)), bearing
small apical prominence. Distal genito-abdominal part of body abruptly depressed in lateral view (Figure 3
(B)) and strongly tapering in dorsal and ventral views (Figure 3(A,D)). Genital apertures oblique, positioned
dorsally at subdistal region of body (Figure 3(B-D)); each aperture (Figure 3(G)) slit-like, externally bearing 1
strong, spiniform process and 1 spine, and internally bearing 6 denticles. Caudal ramus (Figure 3(F))
incompletely separated from abdominal region, remarkably small, tapering posteriad, 1.33 times longer
than wide (28 x 21 um), armed with 2 distal spines of which one visibly larger, and 2 transparent setae (1 in
middle of lateral margin and 1 subdistal dorsally). Egg string 3.33 x 0.32 mm, containing 4 or 5 rows of eggs;
each egg about 135 um in diameter.
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Figure 3. Haplostomides magnus n. sp., female. A, habitus, ventral; B, habitus, lateral; C, cephalic region, dorsal; D,
abdominal region showing genital apertures and caudal rami, dorsal; E, egg string; F, left caudal ramus, dorsal; G, left
genital aperture. Scale bars: A, B, E=0.5mm; C, D = 0.1 mm; F = 0.01 mm; G = 0.02 mm.

Rostrum (Figure 4(A)) weakly developed, represented by sclerotized circular region and elongated poster-
ior ridge.

Antennule (Figure 4(A,B)) strongly tapering, unsegmented, but with trace of articulation near middle,
armed with 10 setae, arranged in 3 groups of 2, 5, and 3 setae; largest seta on posterior margin inserted into
protuberance; anteroventrally with 4 pits.

Antenna (Figure 4(C)) 2-segmented, consisting of coxobasis and endopod equal in length; coxobasis

unarmed; endopod with 2 claw-like spines (1 distal and 1 subdistal) and 1 large unsclerotized area at
proximal third.

Labrum inconspicuous.
Mandible (Figure 4(D)) composed of 2 imperfectly separated segments, with 2 setae on small distal part.
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Figure 4. Haplostomides magnus n. sp., female. A, arrangement of cephalic appendages; B, antennule; C, antenna; D,
mandible; E, maxillule; F, maxilla; G, maxilliped; H, leg 1. Scale bars: A, H = 0.02 mm; B-G = 0.01 mm.

Maxillule (Figure 4(E)) clearly 2-segmented; first segment (praecoxa) armed with 2 medial setae; foliaceous
second segment (palp) with 4 setae on outer margin.

Maxilla (Figure 4(F)) as broad lobe, bearing 2 setae, apical one inserted on slight prominence.

Maxilliped (Figure 4(G)) 4-segmented, consisting of syncoxa, basis, and 2-segmented endopod;
syncoxa large, wider than long, unarmed; basis with 1 medial transparent seta, and 1 spiniform distal
seta; first endopodal segment unarmed; second endopodal segment tipped, with acutely pointed
claw.
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Leg 1 (Figure 4(H)) biramous, consisting of protopod, exopod, and endopod. Protopod bearing 1 seta on
outer margin. Both rami fused with protopod. Exopod with sclerotized outer and inner margins, 1 seta on
outer margin, and distally 1 claw-like, bifurcate spine. Endopod small, pale, subquadrate, unarmed, bearing
nipple-shaped knob at inner distal corner and 2 small pits on ventral surface.

Legs 2-4 like in leg 1, but inner distal knob of endopod not prominent. Intervals between anterior and
posterior legs gradually increasing posteriorly (Figure 3(A)).

Leg 5 absent.

Male. Unknown.

Remarks. Based on its vermiform body, the two-segmented maxillule, and the lobate maxilla, the examined
copepod was identified as a species of Haplostomides. The genus Haplostomides currently includes 13 known
species, which can be easily distinguished from each other by differences in the armature of the caudal
ramus, antenna, mandible, maxillule, maxilla, and exopods of legs 1-4, as summarized in the table provided
by Kim and Boxshall (20214, 131, table 4). A detailed comparison of the examined material with the 13 known
species, using the table of Kim and Boxshall (2021a), has shown that the examined specimen represents a
new species. The shape and armature of the cephalic appendages, mouth parts, and exopods of legs 1-4 of
H. magnus n. sp. are similar to those of related species as follows:

(1) The caudal ramus bears 2 spines and 2 setae, which is a unique armature condition in the genus, since
the other 13 species bear 1 spine and 1 to 4 setae.

(2) The antenna is armed with 2 spines, an armature condition shared with H. hawaiiensis Ooishi, 1994, H.
hibernicus (Scott T. and A., 1895), and H. similis Kim I.H. and Boxshall, 2021 (Ooishi 1994, 2005; Kim &
Boxshall 2021a).

(3) The mandible bears 2 setae, an armature state shared with H. brementi Chatton and Harant, 1924, H.
bermudensis Kim |.H. and Boxshall, 2021 and H. partitus Kim |.H. and Boxshall, 2021 (see Ooishi 2008;
Kim & Boxshall 2021a).

(1) The maxillule is armed with 2 setae on the proximal segment and 4 setae on the distal segment, an
armature condition shared only with H. hibernicus, which was redescribed by Ooishi (2005).

(2) The maxilla is armed with 2 setae. This setation is shared with H. brementi, H. gottoi Ooishi, 2008, H.
hawaiiensis, H. hibernicus, H. scotti Chatton and Harant, 1924, H. similis, and H. partitus (Kim & Boxshall
2021a).

(3) The exopods of legs 1-4 are armed with 1 bifurcate spine (or 2 spines fused at base) and 1 seta, which
is an armature condition shared only with H. similis (see Kim & Boxshall 2021a).

Since H. magnus n. sp. shares a maximum of only 50% (3 out of 6) of the character states with its congeners,
specifically H. hibernicus (sharing character states 2, 4, and 5) and H. similis (sharing character states 2, 5, and
6), the new species can be easily distinguished from them. A notable feature of H. magnus n. sp. is its large
body size, measuring 4.40 mm in length. Previously, the longest known body length was 4.20 mm for H.
bermudensis, described from the West Atlantic (Kim & Boxshall 2021a). Haplostomides brementi is the only
species in the genus recorded in the Mediterranean Sea, which was found by Chatton and Harant (1924) as
an associate of an ascidian of the genus Aplidium (originally as Aplidium coerulum Lahille, 1890) in the Gulf of
Lion. Although this Mediterranean species was inadequately described in the original record (Ooishi 2008)
and has never been redescribed, it is clearly distinguished from the new species by the armature differences
in the caudal ramus, antenna, maxillule, and legs. In particular, Ooishi (2008) confirmed that the armature
(spines plus setae) of the exopods of legs 1-4 of H. brementi are 5, 4, 3, 3, respectively, in contrast to 2, 2, 2, 2
in the new species.

The ascidian host of the new species, Polyclinum aurantium, is known to harbour two other copepod
species of Haplostomides, H. scotti and H. hibernicus. However, both are known only from the Atlantic coast of
North Europe (Chatton & Harant 1924; Ooishi 2002, 2005).
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Habitat. Hosts of Haplostomides species are ascidians of the families Polyclinidae and Didemnidae (Boxshall
& Halsey 2004; Kim & Boxshall 2021a).

Family Lichomolgidae Kossmann, 1877
Genus Lichomolgus Thorell, 1859
Lichomolgus canui Sars G.O., 1917

Figure 6

Material examined. 6 @9 were found associated with 1 specimen of Styela plicata, 19 dissected, Palermo
Port (La Cala station, 38.119867N, 13.369017E), Sicily.
Collector: Antonina Badalucco, 18 April 2024.

Supplementary description of female. Body (Figure 6(A,B)) glabrous, with thin exoskeleton. Body length of
the dissected specimen 1.11 mm. Prosome 650 x 432 ym, dorsally swollen. Fifth pedigerous somite 113 pm
wide. Genital double-somite 170 x 145 um. Urosome (Figure 6(C)) 5-segmented. Three free abdominal
somites, 54 x 78, 43 x67, and 52 x 64 um, respectively. Caudal ramus 3.41 times longer than wide (99 x
29 um), with 6 setae; distal caudal setae usually eroded, with blunt tip. Egg sac 578 x 185 um; eggs small,
47 um in diameter.

Antenna (Figure 6(D)) armed with 1, 1, 3, and 5 + 2 claws on first to fourth segments, respectively. Two
terminal claws, an inner one thicker but shorter, an outer one longer but narrower, both annulated.
Maxilliped (Figure 6(E)) 3-segmented; terminal segment (endopod) curved at distal third.

Remarks. Kim and Boxshall (2021b) redescribed this species based on a female found in the solitary ascidian
Molgula helleri Drasche, 1884 collected from Taranto, Mar Grande, Italy, in the lonian area of the
Mediterranean Sea. They noted that the terminal segment of the female maxilliped is abruptly bent, a
distinctive feature of Lichomolgus canui. Our specimens from Palermo also exhibit this characteristic. The
shape of the genital double-somite and caudal setae, as well as the armature and shape of the antenna, do
not differ from the redescription provided by Kim and Boxshall (2021b).

Lichomolgus canui is distributed from Norway to the Netherlands in northern Europe and at Sicily in the
Mediterranean Sea (Humes & Stock 1973).

Family Notodelphyidae Dana, 1853-1855
Genus Doropygus Thorell, 1859
Doropygus pulex Thorell, 1859
Figures 7(A-D), 5(B)

Material examined. 7 99 were found inside the solitary ascidian Ascidiella aspersa (Muller, 1776), 19
dissected, Licata (Molo Marianello station, 37.094288 N, 13.934108 E), Sicily.
Collector Antonina Badalucco, 29 March 2025.

Supplementary description of female. Body as in Figure 7(A). Prosome unsegmented, somites discernible
by constrictions between them. Fourth pedigerous somite forming brood pouch, fusiform in lateral view.
Length of prosome 2.68 mm. Urosome (Figure 7(B)) inserted into middle of ventral margin of prosome,
perpendicular to prosome. Urosomal somites indistinctly segmented. Anal somite with deep posteromedian
notch. Caudal ramus (Figure 7(B)) 5.05 times longer than wide (377 x 75 um); caudal setae rudimentary,
setule-like. Mandible (Figure 7(C)) with 4 equally large setae on 3-segmented exopod; endopod 2-segmen-
ted, with 3 setae on first segment, and 8 setae on second ; first endopodal segment ornamented with row of
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Figure 5. A, Haplostomides magnus n. sp., holotype deposited in the Honam National Institute of Biological Resources, South
Korea, voucher code HNIBR 1V25093; B, Doropygus pulex Thorell, 1859; C, Pachypygus gibber (Thorell, 1859).

spinules along distal and medio-distal margins. Maxillule (Figure 7(D)) with 9 setae on praecoxal arthrite, 3
setae on medial margin of basis, and 2 and 4 setae on endopod and exopod, respectively.

Remarks. Doropygus pulex, as the type species of the genus, was redescribed and redefined by Kim and
Boxshall (2020).

The examined females from Licata closely correspond to the redescription provided by these authors. In
particular, the armature and ornamentation of the mandible exhibit distinctive characteristic features of this
species, such as the presence of the four setae on the exopod, three and eight setae, respectively, on the first
and second endopodal segments, and a row of spinules along the outer and distal margins of the first
endopodal segment.

Genus Pachypygus Sars G.O., 1921
Pachypygus gibber (Thorell, 1859)
Figure 7(E), 5(C)

Material examined. 2 9 found living freely in the sample during sorting, Licata (Molo Marianello station,
37.094288N, 13.934108E), Sicily. Collector Antonina Badalucco, 29 March 2025.
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Figure 6. Lichomolgus canui Sars G.0O., 1927, female. A, habitus, dorsal; B, habitus lateral; C, urosome, dorsal; D, antenna; E,
maxilliped. Scale bars: A, B =0.2 mm; C, D = 0.05 mm; E = 0.02 mm.

Remarks. The female of this species is easily identifiable by its distinctive body shape, characterized by a
gibbous back and a unique arrangement of caudal claws (one large and three small). The body of the single
examined specimen is large, with the prosome measuring 5.07 mm in length along the midline. The type
host is the common species Ciona robusta Hoshino and Tokioka, 1967 [= Ciona intestinalis (Linnaeus, 1767)
type A (see Brunetti et al. 2015 and references cited therein] from the Mediterranean Sea.

Discussion

Most of the marine biofouling studies have focused on macro taxa (e.g. Bae et al. 2023), and the role of
smaller invertebrates has received comparatively little attention (e.g. Lo Brutto et al. 2024). Therefore, the
fouling copepod fauna has often been underreported because of the small size of the specimens and the
sampling methods employed. Further, parasitic or symbiotic copepods have been documented only in
scattered studies that were planned to search for them in their hosts (Lo Brutto et al. 2024, 2025).

This study provides the description of Haplostomides magnus n. sp., which represents the first record of a
botryllophilid copepod associated with an ascidian species in the investigated area of the central
Mediterranean Sea, Sicily Island (Lo Brutto et al. 2024).

Other localities within the central Mediterranean are loci typici for commensal or parasitic copepods
associated with ascidians. Notably, the Gulf of Naples in the Tyrrhenian Sea (lllg & Dudley 1980) and the Gulf
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Figure 7. Doropygus pulex Thorell, 1859, female: A, habitus, lateral; B, urosome, ventral; C, mandible; D, maxillule.
Pachypygus gibber (Thorell, 1859), female: E, habitus, lateral. Scale bars: A = 0.5 mm; B=0.2 mm; C, D = 0.05 mm; E=1 mm.

of Taranto in the lonian Sea (Pastore 2001) are among the areas where new species have been originally
described, highlighting the central Mediterranean as an important reservoir of biodiversity for this ecological
group, or more simply, as the area most investigated by specialists of ascidians and parasitic copepods (Kim
& Boxshall 2020 and references therein).

Among ascidian-associated copepods, the species belonging to Notodelphyidae and Botryllophilidae are
the most commonly reported, possibly reflecting their relatively large size and consequent detectability
(Tovar-Hernandez et al. 2010; Kim & Boxshall 2021a). Notodelphyids exhibit considerable morphological
diversity, ranging from cyclopiform to vermiform, lobate, or stellate body forms, and typically brood their
eggs within a dorsal or dorsolateral incubatory pouch formed by modification of the fourth pedigerous
somite (Kim & Boxshall 2020). In contrast, botryllophilid genera (e.g. Botryllophilus Hesse, 1864) possess a
single egg-carrying structure, including a single egg sac (Ooishi 2006).

Previous records of botryllophilids from the Mediterranean Sea are restricted to the western basin (Lopez-
Gonzalez et al. 1997; Ooishi 2004, 2006), though a wider distribution could be assumed.

The present study supports the hypothesis that harbour fouling communities, particularly those domi-
nated by ascidians, may function as reservoirs for small-sized symbiotic copepods and potentially facilitate
their dispersal. A comparable case was reported by Tovar-Hernandez et al. (2010), who documented the
copepod Haplostomides hawaiiensis Ooishi, 1994 associated with the ascidian Polyclinum constellatum
Savigny, 1816 in fouling communities of the Gulf of California. This Haplostomides—Polyclinum association
is consistent with the findings presented here; however, in that instance, both the copepod and its ascidian
host were non-native and appeared to have been joined together during an invasion process.



THE EUROPEAN ZOOLOGICAL JOURNAL . 729

The available literature so far indicates that all three ascidians reported in this study, namely S.
plicata, A. aspersa and P. aurantium, host diverse symbiotic copepods, underlining no species-specific
associations. Styela plicata has been reported as a host for numerous copepod species across a wide
geographic range, with records from the Mediterranean and the Pacific region (Matsuzaki & Ogawa
1989; Lo Brutto et al. 2025). These include species of Doropygus, Pachypygus, Lichomolgus, and
Haplostomella Chatton and Harant, 1924, reflecting a broad spectrum of host-symbiont associations
(Moon & Kim 2011; Kim 2012).

Similarly, A. aspersa supports a rich copepod fauna, with records largely concentrated in European
waters, particularly the north-eastern Atlantic and the Mediterranean Sea. Reported associates
include multiple species of Notodelphys Allman, 1847, Doropygus, Ascidicola Thorell, 1859 and
Bonnierilla Canu, 1891, as well as representatives of less frequently recorded genera such as
Goniodelphys Buchholz, 1869, Buprorus Thorell, 1859 and Gonophysema Bresciani and Litzen, 1960
(e.g. Holmes & Gotto 2000; Kim 2012).

The notodelphyid D. pulex, herein collected in A. aspersa, was previously collected from other sea squirts,
such as C. robusta in the Gulf of Taranto (southern Italy), reported in a comprehensive survey of ascidian-
associated copepods, including P. gibber and L. canui, both found in C. robusta and Phallusia mammillata
(Pastore 2001). In addition to Italian records, D. pulex has historically been reported from Atlantic European
coastal waters and from the Mediterranean basin more broadly (Gotto 1960; lllg & Dudley 1965; Kim &
Boxshall 2020). Pachypygus gibber was also detected in Molgula spp., and in Polycarpa spp., and shows a
cosmopolitan distribution (Kim & Boxshall 2020), while L. canui was previously collected from Molgula helleri
(Kim & Boxshall 2021b) and is distributed in northern Europe and the Mediterranean Sea (Humes & Stock
1973).

Siphonostomatoid copepods of the family Asterocheridae live in association with various marine
invertebrates. The genus Asterocheres Boeck, 1859 is the most speciose within the family
Asterocheridae, living in association with cnidarians, bryozoans, echinoderms, and ascidians, though
most of the species (about 56%) have been found associated with sponges (lvanenko & Smurov
1997; Bandera et al. 2005; Kim & Min 2013). Still, the hosts of many species are unknown (Boxshall &
Halsey 2004). The great majority of the species have been recorded from European and tropical seas,
with very few recorded in the Pacific region. According to Mariniello (2010), six species of
Asterocheres are present in the Italian waters. Subsequent studies have added Mediterranean records.
Crescenti et al. (2010) described Asterocheres faroensis Crescenti, Baviera and Zaccone, 2010, found in
association with the sponge Hymeniacidon perlevis in Lake Faro (Messina, Sicily, southern ltaly).
Conradi and Bandera (2011) reported two female specimens of Asterocheres minutus (Claus, 1889)
in the island of Tarifa (Spain), associated with the sea urchin Paracentrotus lividus (L), highlighting
that this species is a Mediterranean endemic having already been reported in France and Italy (Claus
1889; Giesbrecht 1897; Bocquet et al. 1963), although it was not included in the last Italian fauna
checklist (Mariniello 2010).

Overall, the summarized records highlight the high diversity and taxonomic breadth of copepods
associated with ascidian hosts, while also underscoring the uneven geographic coverage and fragmentary
nature of available data. The predominance of records from well-studied regions contrasts with the paucity
of information from large areas of the Mediterranean, suggesting that the diversity of ascidian-associated
copepods remains substantially underestimated.

In conclusion, this study provides the description of Haplostomides magnus n. sp. and documents the
occurrence of five additional species of ascidian-associated symbiotic copepods from the central
Mediterranean Sea. These findings contribute substantially to current knowledge by addressing a long-
standing gap, especially for species such as L. canui, D. pulex, and P. gibber, of which no confirmed
occurrences were reported from Italy since 2010 or earlier. Moreover, the results underscore the need for
systematic and targeted surveys of copepods, a taxonomic group whose diversity, distribution, and ecolo-
gical roles remain markedly underestimated.
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