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Abstract

Anchialine caves are singular aquatic environments of significant conservation interest, defined by darkness, constant tem-
perature, and low levels of nutrients and dissolved oxygen, as well as vertically stratified water layers. Due to their challenging 
accessibility, these caves represent one of the few remaining unexplored frontiers on Earth, hosting short-range endemics and 
ecologically specialized communities highly susceptible to anthropogenic disturbances. Exploration of a cave in the northern re-
gion of Mallorca, Balearic Islands (Western Mediterranean), has revealed the presence of a new genus and species of Polynoidae, 
Pollentia perezi Capa, Pons & Jaume, 2022, with presumed deep-sea affinities. Further exploration of this cave system showed two 
additional polychaetes. The first is a new species of Polycirrus (Terebellidae), whereas the second, Vermiliopsis labiata (Costa, 
1861) (Serpulidae), previously known to inhabit marine environments, represents the first record of this species in an achialine 
cave. Notably, neither the terebellid nor the serpulid exhibits apparent morphological adaptations to their cave habitat. Our study 
combines morphological and molecular analyses to characterise the polychaete fauna of the Cova des Bastons, Mallorca, and 
increases the number of taxa associated with Mediterranean anchialine environments.
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Abbreviations 

BIC: Bayesian Information Criterion. CBB-UIB: 
Balearic Biodiversity Centre, University of the Balearic 
Islands, Palma, Spain. COI: cytochrome c oxidase subunit 
I.  CEAB-CSIC: Centre for Advanced Studies of Blanes, 
Spanish National Research Council, Blanes, Spain. COI: 
cytochrome c oxidase subunit I. Cyt b: cytochrome ox-
idase subunit b. HMDS: hexamethyldisilazane. MB: 
Methyl Blue staining. MF: main fang. MNCN: National 
Museum of Natural Sciences, Madrid, Spain. MT: main 
tooth. NCBI: National Center for Biotechnology Infor-
mation. PCR: polymerase chain reaction. SEM: scanning 
electron microscopy.SG:: segment. UIB: University of 
the Balearic Islands.  UL: upper lip. LL: lower lip.

Introduction

Anchialine caves, defined as caves that access coast-
al saline aquifers without evident connections to the open 
sea, represent unique environments of significant conser-
vation importance (Stock et al. 1986; Illife, 2002; Romero, 
2019). They generally exhibit low nutrient and dissolved 
oxygen levels, and strongly stratified water layers (Keith 
et al., 2022). Their challenging accessibility has led them 
to remaining among the last unexplored frontiers on Earth 
(Iliffe, 2018; Mammola et al., 2021). There is, in fact, scant 
knowledge about most anchialine caves around the world, 
and even relatively well-studied anchialine systems har-
bour a wealth of undiscovered biodiversity (Becking et al., 
2011; Worsaae et al., 2018; Martínez et al., 2019; Sánchez 
& Martínez, 2019; Capa et al., 2022). 

Anchialine caves host animal communities compris-
ing short-range endemic and ecologically specialized 
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species. These organisms often display morphological, 
behavioural, and physiological adaptations tailored to 
thrive in this particular environment (Iliffe & Kornicker, 
2009). Anchialine fauna often exhibits surprising evolu-
tionary relationships and disjunct geographical distribu-
tions (Lozano-Fernandez et al., 2019; Capa et al.,2020), 
emphasizing the scientific value and potential for ecolog-
ical insights within these distinct ecosystems.

The ecologically specialized anchialine fauna might 
be highly sensitive to local perturbations, including an-
thropogenic disturbances, given its natural fragmentation 
and limited resilience (Harmelin, 1980). Unfortunately, 
the specific effects of different stressors on anchialine 
ecosystems remain to be quantified (Becking et al., 2011; 
Worsaae et al., 2018; Martínez et al., 2019; Sánchez & 
Martínez, 2019; Capa et al., 2022; Mammola et al., 2022).

The anchialine subterranean biomes, well-represent-
ed in the Caribbean, Western Australian, Indo-Pacific 
islands, and Mediterranean coasts (Gerovasileiou et al., 
2016a), notably extend to the Balearic archipelago in 
the Western Mediterranean (Boxshall & Jaume, 2000; 
Jaume et al., 2008; Navarro-Barranco et al., 2023). Our 
exploration of one of these caves in the northern region 
of Mallorca unveiled the presence of remarkable anne-
lids. Among them, the scale-worm Pollentia perezi Capa, 
Pons & Jaume, 2022 (Polynoidae) exhibited deep-sea af-
finities and traits typically attributed to species found in 
cold and dark environments (Capa et al., 2022). In the 
present study, we report two other annelid species occur-
ring in the same cave. Vermiliopsis labiata (Costa, 1861) 
(Serpulidae) was scraped from the dark cave entrance 
walls, at 5-10 m depth, whereas a new species of Poly-
cirrus (Terebellidae, Polycirrini) was collected further 
inside the cave, on sediments at 17 m depth.

Terebellids are sedentary deposit-feeding annelids 
bearing numerous long tentacles inserted outside of the 
mouth. Amongst them, Polycirrus Grube, 1850 is one 
of the most species-rich genera, characterised by lack-
ing branchiae, bearing uncini in single rows, and often 
reduced chaetae and noto- and neuropodia usually pres-
ent in the chaetigerous segments (Glasby & Hutchings, 
2014; Hutchings et al, 2017; Stiller et al., 2020). Howev-
er, numerous species were described more than a century 
ago, and some of them lack many taxonomic characters 
considered relevant in current descriptions. In addition, 
types have either been lost or were never formally des-
ignated in some species. Both situations have led to er-
roneous attributions of cosmopolitan distributions (sensu 
Hutchings & Kupriyanova, 2018). This taxonomic and 
biogeographic uncertainty was rectified by designating 
a neotype for the type species, P. medusa Grube, 1850, 
redescribing all 59 species with available types or spec-
imens from type localities, and assigning six species as 
species inquirendae (Glasby & Hutchings, 2014). Sub-
sequent morphological and molecular investigations re-
vealed Polycirrus to be paraphyletic (Stiller et al., 2020). 
Further taxonomic work has resulted in the description of 
21 new species of Polycirrus (Nogueira et al., 2015; Ce-
peda & Lattig, 2016; Lavesque et al., 2020, 2021; Çinar 
& Erdoğan-Dereli, 2023; Jimi et al., 2023), bringing the 

total number of valid species up to 87 (Read & Fauchald, 
2025).

Serpulids represent a species-rich family easily recog-
nised by their distinctive filter-feeding radiolar crowns, 
calcareous tubes and, in most species, the opercula (a 
modified branchial radiole that seals the tube opening) 
(Kupriyanova et al., 2006). Among them, the monophy-
letic genus Vermiliopsis Saint-Joseph, 1894 compris-
es 18 valid species (Kupriyanova et al., 2006; Read & 
Fauchald, 2025). Members of the genus are characterised 
by an operculum as an inverse conical ampulla, with flat 
to conical chitinous endplate, thoracic membrane short, 
Apomatus chaetae present in the thorax (ten Hove & 
Kupriyanova, 2009). Vermiliopsis labiata (Costa, 1861) 
is characterised by longitudinal chambers in the tube, a 
toothed calcareous opercular plate, and brown parapodia 
(Bianchi, 1981; ten Hove & Kupriyanova, 2009). Orig-
inally described from the Mediterranean, this species is 
relatively uncommon and prefers dark environments, 
such as marine caves (Saint-Joseph, 1894; Bianchi, 1981; 
Gil, 2011; Rosso et al., 2021).

This paper describes and illustrates a new species of 
Polycirrus and newly reports V. labiata from the Balear-
ic Islands, contributing to increase of the polychaete di-
versity found in the anchialine caves of the archipelago. 
Additionally, it provides a comprehensive overview of 
published cave records for terebellids and V. labiata.

Material and Μethods

Sample collection

Specimens were collected at the anchialine Cova des 
Bastons (also known as Cave C-11), Alcúdia, Mallorca, 
Balearic Islands, 39.883419º N, 3.195864º E, June 3, 
2020, and July 11, 2024. The cave environment was de-
scribed in Capa et al. (2022). The terebellid was found 
at 17 m depth in the bottom sediment, near the location 
where the holotype of P. perezi was collected (Capa et al., 
2022). The serpulids were sampled closer to the entrance 
by gently scraping the calcareous tube aggregates from 
the cave wall with a diving knife. All specimens were 
transported alive in jars to the laboratory, where they 
were photographed, preserved, and stored in absolute 
ethanol at 4-6 °C.

Morphological analyses

Live and preserved specimens were examined under 
Euromex DZ.1105 stereo- and Olympus BX60 com-
pound light microscopes. Photographs were taken with a 
Euromex DC.18000-PRO and a Motic 3 camera attached 
to the stereo and compound microscopes, respectively. 
Contrast of external morphological traits was enhanced 
by Methyl Blue staining (MB). Dissected thoracic and 
abdominal parapodia were mounted on holders, sput-
ter-coated with gold (10 nm thickness) and examined un-
der a HITACHI S-3400N scanning electron microscope 
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(SEM) at the University of the Balearic Islands (UIB), 
after dehydration in a series of mixtures of 0%, 25%, 
50%, 75%, and 100% ethanol, then hexamethyldisilazane 
(HMDS). Vouchers and type material were deposited at 
the CBB-UIB, the CEAB-CSIC, and the MNCN.

DNA extraction, amplification and sequencing

A tentacle for Polycirrus and the posterior end for 
Vermiliopsis were dissected for DNA extraction. These 
tissues were incubated at 65° C in 50 μL of QuickExtract 
(Lucigen) for 1-5 h, followed by an incubation at 95° C 
for 5 min. Fragments of COI and Cyt b mitochondrial 
markers and the region D1-D2 of the nuclear 28S rDNA 
genes were amplified by PCR. The 20-μL amplification 
reaction contained 10 μL of Bioline MyTaqRedMix (Bi-
oline, London, UK; with buffer, dNTPs and MgCl2 incor-
porated into the mix), 7.4 μL H2O, 0.8 μL of each prim-
er (10 μM) and 1 μL of DNA. The primer pairs LCO/
HCO (Folmer et al., 1994) and jgLCO/jgHCO (Geller et 
al., 2013) were used for amplification of the COI gene 
fragment for the terebellid, and HyCOF190/HyCOR886 
(Sun et al., 2017) and Cyt b 424F (Boore & Brown, 2000) 
and cobr825 (Burnette et al., 2005) were used for the 
serpulid for COI and Cyt b gene fragments respectively. 
The 28S D1-D2 fragment was amplified using the primer 
pairs 28SC1’/28SD2 (Lê et al., 1993). Primer sequences 
and PCR thermal profiles are available in supplementa-
ry data (Table S1, S2). The PCR products were run on a 
1% agarose gel containing ethidium bromide for 30 min 
at 80 V and visualized under ultraviolet light. The PCR 
products with the expected length were cleaned using the 
kit microCLEAN for PCR clean-up (Microzone, Lewes, 
UK). Sanger cycle sequencing was performed on both 
strands at Macrogen DNA Sequencing Department (Ma-
drid, Spain). Forward and reverse reads were merged into 
consensus sequences and edited using Geneious Prime 
(Kearse et al., 2012). COI and Cyt b sequences were 
translated into amino acids in SeaView v.4.7 (Gouy et al., 
2010) and checked for the presence of stop codons and 
rare nonsynonymous substitutions that could indicate the 
amplification of pseudogenes. Our sequences were then 
compared to all relevant terebellid and serpulid sequenc-
es available from public databases. Highly divergent se-
quences with unexpected long branches were excluded 
after preliminary analyses as potential misidentifications 
or contaminations. Also, short available sequences were 
eliminated to avoid the noise of missing data in phyloge-
netic analyses. When several sequences attributed to the 
same species were available, we selected the longest 
(suppl. data Fig. S3, S4).

Phylogenetic analyses and molecular species identifica-
tion 

Each single gene dataset was aligned with MAFFT 
v7.525 (Katoh & Standley, 2013) allowing for an auto-
matic strategy and default parameters. Phylogenetic trees 

were optimized under Maximum Likelihood criterion in 
IQ-TREE multicore v2.0.7 (Minh et al., 2020), selecting 
the best nucleotide substitution model using the self-im-
plemented ModelFinder (Kalyaanamoorthy et al., 2017) 
option. We only included the most common substitution 
models (--mset F81, HKY, TN, GTR) and did not apply 
the combination of invariant sites plus gamma-rate pa-
rameter to estimate among-site rate variation, since both 
are inextricably linked (Sullivan et al., 1999). For the 
protein coding gene COI, we assessed two alternative 
partition schemes: 1) first codon plus second codon sites 
vs. third codon ones and 2) three codon partitions. Best 
nucleotide substitution models and partition schemes 
were selected based on BIC. Node support was estimated 
with 1000 ultrafast bootstrap replicates, the parametric 
aLRT test (Anisimova & Gascuel, 2006), and approxi-
mate Bayes test (Anisimova et al., 2011).

The outgroup for the analyses based on the COI se-
quences was Thelepus cincinnatus (Fabricius, 1780) 
(Stiller et al., 2020). For the more conserved 28S D1-
D2 fragment, with less publicly available sequences, we 
selected the ampharetid Ampharete sp. and the sabellid 
Sabella pavonina Savigny, 1822 as outgroups. The COI 
and 28S terebellid phylogenetic analyses included 96 and 
14 terminals, respectively, whereas the serpulid analyses 
included 52. The taxonomic assignment of the amplicons 
was assessed with BLAST at NCBI platform (Altschul et 
al., 1990).

Results

Taxonomic account

The terebellid was identified as a Polycirrus, but 
did not match any currently known species descrip-
tions (Glasby & Hutchings, 2014; Lavesque et al., 2020; 
2021). COI and 28S DNA showed sequences divergence 
of 15.53% (COI) and 12-13% (28S) base pairs from pub-
licly available data. Consequently, we here describe it as 
a new species. 

The serpulids were identified as V. labiata, a species 
with conspicuous diagnostic features inits tube, branchi-
al crown, and chaetae (Zibrowius, 1968; Bianchi, 1981; 
San Martín, 2022). Therefore, we are providing a diag-
nosis based on the specimens collected in the Cova des 
Bastons. Identification was corroborated by identical 28S 
sequences available in NCBI from France (GenBank ac-
cession number PV928524). 

Genus Polycirrus Grube, 1850

Type species. Polycirrus medusa Grube, 1850 by mono-
typy.

Polycirrus burballes sp. nov.
urn:lsid:zoobank.org:act:6C7398B0-66A5-45EC-9F14-

D4E07375AAAD
(Figs. 1-4)



778 Mediterr. Mar. Sci., 26/4, 2025, 775-794

Diagnosis

Terebellidae lacking branchiae, with an expanded tri-
angular upper lip bearing two types of tentacles; an outer 
lower lip enlarged, resembling a ventral pad, divided in 
two regions, inner and outer; paired ventro-lateral pads; 
notopodia in segments 3-19, segment 20 achaetous; neu-
ropodia from segment 21; capillary notochaetae with 
narrowly-winged limbation (anterior row) and pinnated 
(posterior row); neuropodial uncini of type I, with only 
one tooth over main fang. 

Etymology

The species name burballes, meaning “shavings” in 
Mallorcan Catalan, also refers in Mallorcan cuisine to a 
type of spaghetti-like pasta locally produced in the small 
town of Porreres (www.recetasmallorquinas.es/2019/09/
burballes.html). Thus, it is here used as a noun in appo-
sition to playfully allude to the common name “spaghetti 
worms” frequently used for terebellids. 

Holotype

CBB-UIB 101393. SPAIN – Balearic Islands • Holo-
type. 1 complete specimen; the Cova des Bastons (also 
known as Cave C-11), Alcúdia, Mallorca, Balearic Is-
lands; 39.883419º N, 3.195864º E; 17 m depth; on cal-
careous silt; 11 March 2020; coll. María Capa and Joan 
Pérez; preserved and stored in 100% ethanol; DNA avail-
able sequences: GenBank accession numbers PV919570 
(COI), PV919556 (28S rDNA).

Description

Entire specimen, 37 mm long (without tentacles) and 
1.8 mm wide at thoracic level (Fig. 1A-D, H), with ca. 
80 segments. Body whitish, with translucent epithelium 
and pale orange gut in vivo (Fig. 1A), turning pale beige 
after preservation (Fig. 1B); overall cylindrical, slightly 
stouter anteriorly, swollen dorsally from mid-thorax to 
last 40 chaetigers, with thin and fragile body wall, then 
uniformly cylindrical, tapering posteriorly (Fig. 1A-C). 

Transverse prostomium attached to dorsal surface of 
base of upper lip (Fig. 1E-H). Buccal tentacles of two types: 
type one short uniformly cylindrical; type two long and cy-

Fig. 1: Polycirrus burballes sp. nov. Light micrographs. Entire specimen: A. Alive. B. Preserved, ventral view. C. Preserved, 
stained with Methyl blue, dorsal view. Anterior end preserved, stained with Methyl blue: D. Thorax, lateral view; black numbers: 
first four segments; white numbers: notochaetigerous segments. E. Detail of anterior end, lateral view white numbers: first four 
segments. F. Thorax, ventro-lateral view. G. Detail of anterior end, ventral view; UL: upper lip; LL: lower lip. Parapodia, pre-
served. H. From segments 3-13 preserved, stained with Methyl blue: white arrows: nephridial papillae. I. From segment 7. J. From 
segment 5–6, stained with Methyl blue. K. From abdomen. L. Posterior end and pygidium.
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lindrical, slightly expanding distally, and deeply grooved, 
with inner side of groove densely ciliated (Fig. 2A-C). Per-
istomium with upper and lower lips; upper lip triangular, 
longer than wide, hood-like, convoluted (Fig. 1G); lower 
lip oval, cushion-like, with eight central narrow longitudinal 
pads and two lateral pads 2-3 times wider (Fig. 1G).

Segment 1 dorsally triangular, with round edges, 
ventrally with enlarged first shield; segment 2 narrower 
than following segments, covered ventrally by expand-
ed first ventral shield (Fig. 1D-F). Ventro-lateral pads on 
segments 1-13, first shield entire, other shields paired, 
separated from each other mid-ventrally by mid-ventral 
groove; shields of segments 11-12 progressively less de-
veloped, most reduced on 13; pads swollen, rectangular, 
markedly tessellated (Fig. 1F). 

Notopodia elongated, bilobed, present on chaetigers 
1-17 (i.e., segments 3-19, 1/4 of total body length). No-
topodial lobes digitiform, distally rounded; posterior lobe 
twice longer than anterior lobe; first seven lobes on seg-
ments 3-9, similar in length, slightly longer than those on 
following notopodia (Figs 1E, F, H-I, 3A, 4A). Nephrid-
ial/genital papillae opening at the base of notopodia, at 
least on segments 4-7 (Fig. 1H). One achaetous segment 
(segment 20) between thorax and abdomen. Abdomen 
from segment 21 with neuropodia only, as raised flat pads, 
non-distinguishable in segments 21 and 22, oval and pro-
gressively wider on segments 23-29, then progressively 
shorter towards the pygidium (Fig. 1K, 3C, D, 4C, D). 

Notochaetae very narrowly-winged in anterior and 
posterior rows, with wings only at tips; chaetae of ante-
rior row ca. ⅓-¼ as long as those in posterior row (Fig. 
3A-B, 4A-B). Neuropodia with Type I uncini sensu Glas-
by and Glasby (2006) throughout, with short neck; short, 
triangular and slightly hooked heel directed posteriorly; 
narrow and curved base, anteriorly pointed; dorsal button 
(i.e., subrostral process) as low protuberance at base of 
main fang; crest with single, elongate, sharp tooth above 
main fang (Figs 3C-F; 4C-F). Pygidium with four pads 
after preservation (Fig. 1L). 

Ecology and distribution

The only known individual of P. burballes sp. nov. 
was found on the cave silty sediments, with no traces of 
tube. This suggests it may live freely, crawling over the 
substrate, as other polycirrids do (Hutchings et al., 2017; 
Nogueira et al., 2020). So far, the species is endemic to 
Cova des Bastons. Although this is the first record of a 
species of Terebellidae in an anchialine cave, members 
of the family are not rare in Mediterranean marine caves, 
where they probably take advantage of the abundance of 
deposited organic matter. Although some of the terebellid 
species previously reported in marine caves may need to 
be checked in a wider systematic context, the list current-
ly comprises 14 species, including three Polycirrus - P. 
aurantiacus Grube, 1860, P. denticulatus Saint-Joseph, 
1894, and P. medusa (Table 1) – from caves in Campa-
nia and Sicily, Italy (Banse, 1959; Cantone et al., 1979; 
Belloni & Bianchi, 1982; Akoumianaki & Hugues, 2004) 
and several unidentified specimens of the genus from a 
cave in Tenerife (Riera et al., 2018). 

Molecular analyses

BLASTn assignment of the COI sequence (650 bp) 
first suggested a Polycirrus sp. sequence from Hawaiʻi 
(similarity=84.47%, coverage=99%, e=0.0), followed by 
other GenBank Terebelliformia sequences (similarity < 
82.03%), whereas that of D1 28S sequence (657 bp) result-
ed in three sequences of Polycirrus being the most similar 
(similarity=87.14-86.54%, coverage=100-96%, e=0.0). 

The 28S sequence of the specimen from the Cova des 
Bastons branched off at the base of a Polycirrus clade 
including all the 28S sequences available in GenBank, 
although with low support (BS=75, Fig. S3). The COI 
phylogenies inferred under maximum likelihood were 
topologically congruent and recovered Polycirrus as par-
aphyletic. However, the tree had poorly supported basal 
relationships and several unidentified Terebellidae termi-
nals could, in fact, correspond to members of Polycirrus. 

Fig. 2: Polycirrus burballes sp. nov. SEM micrographsof a grooved  tentacle. A. Distal part of tentacle. B. Detail of the ciliated 
region. C. Close view of cilia with discoid tips.
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Fig. 3: Polycirrus burballes sp. nov. SEM micrographs. A. Thoracic parapodia from segments 5-6. B. Detail of the hirsute surface 
of thoracic capillaries. C. Abdominal uncinal tori. D. Detail of an abdominal uncinal torus. E. Close view of abdominal uncini. F. 
Detail of the uncini tips.

Fig. 4:  Polycirrus burballes sp. nov. Light micrographs. A. Thoracic parapodia. B. Thoracic capillaries. C, D. Abdominal uncinal 
pads. E. Abdominal uncini, side view. Drawing. F. Abdominal uncinus, side view.
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The cave dwelling Polycirrus was recovered at the base 
of the Eupolymnia-Loimia clade, although with low sup-
port (Fig. S3).

Remarks

Polycirrus burballes sp. nov. shares with other con-
geners the notochaetae start at segment 3, Type I uncini, 
and neurochaetae start at segment 18 or posterior seg-
ments (Glasby & Hutchings, 2014; Lavesque et al., 2020; 
Nogueira et al., 2020; Jimi et al., 2023). These include 
P. plumosus (Wollebæk, 1912) from 95 m depth sandy 
bottoms at Hjeltefjorden (Norway), P. variabilis Hutch-
ings & Glasby, 1986 from coral substrate, and P. bicrina-
lis Hutchings & Glasby, 1986 living amongst dead coral 
substrate, both  on the Great Barrier Reef (Australia), and 
P. mexicanus (Rioja, 1947) from a shallow water bay in 
the Mexican Pacific (C. J. Glasby & Hutchings, 2014). 
Polycirrus burballes sp. nov. has the outer lower lip as 
a large quadrangular cushion, extending posteriorly to 
mid segment 3 (subconical, protruding above venter in P. 
plumosus and oblong in P. mexicanus). The specimen of 
our new species has a low protuberance at base of main 
fang (lacking subrostral process in P. variabilis). Polycir-
rus burballes sp. nov. has uncini with a single tooth above 
main fang (two rows of teeth in P. bicrinalis). 

As already mentioned, 21 species were described after 
the taxonomic revision by Glasby and Hutchings (2014), 
eight of which inhabit intertidal to ~30 m deep bottoms 
in coral reefs, mangroves, and beaches with sand, mud 
and coral rubble at Lizard Island (Australia) (Nogueira 
et al., 2015). Among them, only members of four species 
share with P. burballes sp. nov. the starting position of 
neuropodia after the last segment with notopodia: P. bru-
tus Nogueira, Hutchings and Carrerette, 2015, P. culcita 
Nogueira, Hutchings and Carrerette, 2015, P. cruciformis 
Nogueira, Hutchings and Carrerette, 2015 and P. ocule-
us Nogueira, Hutchings and Carrerette, 2015. Polycirrus 
burballes sp. nov. differs (1) from P. cruciformis and P. 
culcita in the presence of finely winged and pinnate noto-
chaetae instead of only winged, (2) from P. brutus in hav-
ing an oval, cushion-like prostomium instead of project-
ing laterally as two deeply grooved, tentacular processes, 
and (3) from P. oculeus in having the neuropodia from 
the second segment after last notopodium (one achaet-
ous segment) instead of third (two achaetous segments). 
Polycirrus asturiensis Cepeda and Lattig, 2016 inhabits 
photophilic and calcareous macroalgal substrates at 6 m 
depth in the Cantabric Sea (north of Iberian Peninsula) 
(Cepeda & Lattig, 2016) and can be easily distinguished 
from P. burballes sp. nov. in having ten notochaetiger-
ous segments instead of seventeen, and also in having 
only broadly winged notochaetae instead of narrowly 
winged and pinnate. Polycirrus changbunker Nogueira, 
Van Deursen, Ranauro and Carrerette, 2020 inhabits shal-
low bottoms off Brazilian coasts, southwestern Atlantic 
(Nogueira et al., 2020) and has a strong orange to red col-
our in vivo (instead of whitish and translucent with pale 

orange gut, as the holotype of P. burballes sp. nov.), the 
outer region of lower lip as a large pentagonal to circular 
cushion (instead of large, quadrangular in P. burballes sp. 
nov.) and two rows of teeth over the main fang (instead of 
a single tooth in P. burballes sp. nov.).

All seven species described by Lavesque et al. (2020) 
from European waters can be easily distinguished from 
P. burballes sp. nov. in having only winged notopodial 
chaetae (instead of winged and pinnate) and uncini with 
either two rows of teeth or one very long tooth with rows 
of shorter lateral teeth on each side (instead of a single 
long teeth) (Table 2). The other eleven species present in 
European waters differ from P. burballes sp. nov. in the 
type of uncini and the starting segment for neurochae-
tae (Table 2). Two other species were described from the 
Black Sea, P. karadenizicus Çinar & Erdoğan-Dereli, 
2023 from muddy sands at 25 m deep and P. rhombola-
biatus Çinar & Erdoğan-Dereli, 2023 from rocky bottoms 
covered by algae at 11-13 m deep, both mainly differing 
from P. burballes sp. nov. in having neuropodia from seg-
ment 15 instead of segment 21 (Table 2). Finally, three 
species have been recently described from 1-15 m depth 
in muddy sediments or inside cracks of rocks in Japan 
(Jimi et al., 2023). Polycirrus burballes sp. nov. differs 
from all of them in having 17 segments with notopodia 
and neurochaetae neuropodia from the second after last 
notochaetigerous segment (one achaetous segment in be-
tween), while P. aoandon Jimi in Jimi et al. (2023) has 
more than 50 segments with notopodia and neurochae-
tae starting well before last notochaetigerous segment, P. 
onibi Jimi in Jimi et al. (2023) has 11 segments with no-
tochaetae, and P. ikeguchii Jimi in Jimi et al. (2023) has 
the neurochaetae starting two segments before the last 
notochaetigerous segment (lacking achaetous segments).

Genus Vermiliopsis Saint-Joseph, 1894
Type species. Vermilia multivaricosa Mörch, 1863, new 

name for Vermilia infundibulum sensu Philippi, 1844
Vermiliopsis labiata (Costa, 1861)

(Figs 5, 6)

Serpula labiata Costa, 1861
Serpula infundibulum Delle Chiaje, 1828

Hydroides (Eucarphus) infundibulum  
(Delle Chiaje, 1828)

Vermiliopsis richardi Fauvel, 1909
Vermiliopsis richardi fauveli Monro, 1930

Material examined 

CBB-UIB 101394. SPAIN – Balearic Islands • six 
specimens; the Cova des Bastons (also known as Cave 
C-11), Alcúdia, Mallorca, Balearic Islands; 39.884194° 
N, 3.195861° E; 5-10 m depth, on the walls; July 11, 
2024, coll. María Capa and Joan Pérez; fixed and pre-
served in 100% ethanol. DNA available sequences: 
PV928524 (28S rDNA). 
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Remarks 

Mallorcan cave specimens matched previous descrip-
tions of the species (Zibrowius, 1968; Bianchi, 1981; San 
Martín, 2022). They showed the highly characteristic 
white, opaque tube with 3-7 longitudinal keels and wide 
peristomes (Fig 5H), as well as walls with longitudinal 
chambers divided by longitudinal septa (Fig. 5G, I). No 
other congeneric species presents tubes with longitudinal 
chambers, an operculum with a toothed calcareous plate, 
and pigmented parapodia (Bianchi, 1981; ten Hove & 
Kupriyanova, 2009).

The specimens from the Cova des Bastons typically 
showed transverse orange bands in radiolar tips (Fig. 5A, 
B), dark brown parapodia (Fig. 5A-E), and an opercu-
lum with a cylindrical peduncle formed from dorsalmost 
radiole and a short inverse conical ampulla covered by 
calcareous plate with coarsely toothed edge (Fig. 5A, 
B, D-F). They have a trilobed collar lacking tonguelets, 
with membranes reaching chaetiger 5 (Figs 5B, 6A) and 
limbate chaetae (Fig. 6A, B). Chaetae from chaetigers 
2-7 are Apomatus-type and finely limbate (Fig. 6A, C). 
Uncini are saw-shaped, with 10-12 teeth above a blunt 
indented peg and with triangular depression (Fig. 6D-
F). Abdominal segments include flat, narrow, geniculate 
chaetae with a crenulated edge (Fig. 6G), as well as saw-
shaped uncini with blunt anterior peg (Fig. 6H-I). Long 
capillaries are restricted to posterior chaetigers.

Molecular analyses

COI and Cyt b fragments did not amplify for the cave 
serpulid, in spite we tested different PCR programs and 
primer pairs, whereas we amplified 778 bp for the D1 28S 
region. BLASTn (nucleotide level) corroborated the tax-
onomic assignment of the sequence to V. labiata, match-
ing (similarity=100%, coverage=95%, e=0.0) a specimen 
from France assigned to the species (Kupriyanova et al., 
2009), followed by other sequence assigned to Vermil-
iopsis sp. (similarity=89.61–93%, coverage=98-86%). 
The 28S phylogenetic tree topology showed the sequence 
from the Cova des Bastons within a clade of V. labiata, 
reciprocally monophyletic to a clade including other Ver-
miliopsis sequences, always with BS > 91 (Fig. S4).

Ecology and distribution

This is the first record of Vermiliopsis labiata from an 
anchialine cave. Vermiliopsis labiata had been recorded 
(in some cases as V. richardi) in 17 marine caves through-
out the Mediterranean and the nearby Atlantic Ocean, 
located in Faro (Portugal), Provence (France), Liguria, 
Campania, Sicily and Puglia (Italy), and Northern Aege-
an (Greece) (e.g., Banse, 1959; Bellan, 1965; Zibrowius, 
1968, 1969; True, 1970; Monteiro-Marques, 1981; Bello-
ni & Bianchi, 1982; Balduzzi et al., 1989; Di Geronimo 

Fig. 5: Vermiliopsis labiata. Light micrographs. Anterior end: A. Alive, ventral view; B. Alive, dorsal view; C. Preserved, lateral 
view; D. Preserved, dorsal view. Entire specimen (three fragments): E. Preserved. Operculum: F. Outside the tube; G. Fitted in tube 
opening. Tube: H. Entire tube (in two fragments); I. Transversal section of middle tube, with the worm still inside.
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et al., 1993; Taddei Ruggiero & Benigni, 1996; Sanfil-
ippo & Mòllica, 2000; Harmelin et al., 2003; Monteiro 
et al., 2013; Gerovasileiou et al., 2015; Sanfilippo et al., 
2015; 2017; Rosso et al., 2021; Cardone et al., 2022). All 
those caves are fully marine, lack water column stratifi-
cation, and are directly connected to the ocean through 
relatively large entrances, allowing for the flow of par-
ticulate organic matter from the sea. Living individuals 
and dead tubes were recorded from the entrance zone, 
close to bottom of those caves (Table 3), with the gen-
erally scarce populations consisting of very few living 
individuals surrounded by more numerous tubes remains 
(Cardone et al., 2022). The species was reported from 
open sea sciaphilous environments, such as coralligenous 
(Zibrowius, 1968; Bianchi, 1981; Bianchi & Morri, 2000; 
Serrano et al., 2011; Rosso et al., 2021; Cardone et al., 
2022; Cepeda et al., 2022). The species was reported in 
the North-Eastern Atlantic, Indian Ocean, and Japan, al-
though such distant, disjunct reports warrant confirma-
tion at the species level (Gil, 2011; Cepeda et al., 2022).

Discussion

Systematics and ecology

One of our major results is the description of the first 
terebellid species from an anchialine cave, Polycirrus 
burballes sp. nov. The species is unequivocally placed 
within Polycirrus due to the absence of branchiae, pres-
ence of an expanded, triangular, upper lip bearing two 
types of tentacles and an outer lower lip enlarged and re-
sembling a ventral pad, paired ventro-lateral pads present, 
notopodia from segment 3, neuropodia beginning after 

notopodia terminates (leaving one achaetous segment), 
notochaetae capillaries narrowly-winged (anterior row) 
and pinnate (posterior row), and type I uncini (Glasby & 
Hutchings, 2014; Nogueira et al., 2020).

Polycirrus burballes sp. nov. differs from other con-
geners by a unique combination of characters: triangular 
upper lip, 17 pairs of notopodia, followed by one achae-
tous segment and neuropodia starting from segment 21, 
uncini bearing only one tooth over main fang (Glasby & 
Hutchings, 2014; Lavesque et al., 2020; Nogueira et al., 
2020; Jimi et al., 2023). Interestingly, none of the charac-
ters observed in the new species can be linked to troglo-
morphic traits, since many Polycirrus lack eyes, tube, 
and epidermal pigmentation (Hutchings et al., 2017; 
Nogueira et al., 2020) (but see below). Unlike in other 
Polycirrus no signs of bioluminescence were observed 
in our specimen (Johnson & Johnson, 1959; Huber et al., 
1989; Kanie et al., 2021; Jimi et al., 2023). 

Colonization and survival in anchialine environments

The Cova des Bastons is an oligotrophic, relatively 
isolated environment with no known opening to the sea. 
It is characterised by the vertical water stratification typ-
ical of anchialine habitats, with a warmer brackish layer 
overlaying a colder fully saline water mass (Capa et al., 
2022). The absence of currents, light, and primary pro-
duction sustains assemblages with very low biomass and 
species richness (Gerovasileiou & Bianchi 2021; Capa 
et al., 2022). To date, only three stygobites were record-
ed from the cave: the isopod Metacirolana ponsi Jaume 
and García, 1992, the mysid Burrimysis palmeri Jaume 
and García, 1993, and the polychaete P. perezi (Jaume 

Fig. 6: Vermiliopsis labiata. SEM and light micrographs. Thorax: A. Anterior segments, ventro-lateral view; B. Collar capilllaries; 
C. Apomatus and finely limbate chaetae from segment 6; D. Uncinal torus; E, F. Uncini. Abdomen: G. Geniculate, crenulated 
chaetae; H. Two rows of uncini. I. Uncini.
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& García, 1992, 1993; Capa et al., 2022). Among them, 
Pollentia perezi cohabits with P. burballes sp. nov. the 
calcareous sediments at the further section of the cave, 
within the saline groundwater mass.

Despite sharing habitat, these two species belong to 
very divergent lineages and exhibit different lifestyles. 
Pollentia perezi is an errant, fast-moving scale-worm 
(Capa et al. 2022), likely preying on the sparse organisms 
or feeding on cave detritus, as most polynoids do (Plyus-
cheva et al., 2010; Jumars et al., 2015), including those 
inhabiting caves (Martínez et al., 2016). In contrast, P. 
burballes sp. nov. is a sedentary, non-tubicolous, vagile, 
tentaculate surface deposit-feeder, akin to other terebel-
lids (Jumars et al., 2015). Pollentia perezi lacks eyes – a 
useless, energetically costly trait in complete darkness –
but bears distinctively elongated antennae and cirri, a fea-
ture common among deep-sea and cave-dwelling species 
(Hartmann-Schröder, 1974; Pettibone, 1985; Gonzalez 
et al., 2021). Conversely, none of the traits shown by P. 
burballes can be interpreted as conventional troglomor-
phic. Many marine terebellids, including other species of 
Polycirrus, are naturally eyeless, unpigmented, and bear 
large feeding appendages, which makes it difficult to dis-
tinguish cave-specific morphological adaptations with-
in the family. A similar apparent lack of troglomorphic 

traits has been observed in other cave-dwelling annelids, 
including species of Syllidae, Acrocirridae, Fauveliopsi-
dae, Flabelligeridae, and Nerillidae (Núñez et al., 1997; 
Gonzalez et al., 2012; Worsaae et al., 2019), though no-
table exceptions exist (Glasby et al., 2014; Núñez et al., 
2020; Gonzalez et al., 2021; Capa et al., 2022). Morpho-
logical adaptations to cave environments in annelids of-
ten differ from those observed in other groups and tend 
to be more conspicuous when cave colonization implies 
ecological shifts, such as a transition between interstitial/
infaunal lifestyle to suspension feeding (Martínez et al., 
2013; Martínez et al., 2017; Worsaae et al., 2019).

Polycirrus burballes sp. nov. thus represents the 
first species of Terebellidae described from anchialine 
caves. However, whether it is a cave-exclusive species 
or a member of an elusive marine population surviving 
in this environment remains uncertain and warrants fur-
ther research, particularly given our incomplete knowl-
edge of the diversity of Terebellidae in Europe, even in 
relatively more accessible marine habitats (e.g., Labrune 
et al., 2019; Lavesque et al., 2021; Martin et al., 2022). 
Regardless of its status as a cave dwelling organism, the 
presence of P. burballes sp. nov. in an anchialine cave is 
particularly significant for understanding the ecological 
dynamics of these environments within the broader con-

Table 3. Records of Vermiliopsis labiata (O. G. Costa, 1861) in marine coastal caves in the Mediterranean Sea and North East 
Atlantic Ocean. 

Taxon Region Cave References

Vermiliopsis labiata Algarve, Portugal Gruta da Nossa Senhora, Sagres Monteiro et al., (2013)

V. labiata Provence-Alpes-Côte d’Azur, 
France

Grotte de l’Ile de Bagaud, Toulon Harmelin et al., (2003)

V. labiata Provence-Alpes-Côte d’Azur, 
France

Grotte de la Jarre, Marseille Monteiro-Marques, (1981)

V. labiata Provence, France Niolon cave, Marseille Zibrowius, (1968), True, 
(1970) 

V. labiata Campania, Italy Grotta del Mitigliano, Massa Lubrense Belloni & Bianchi, (1982), 
Balduzzi et al., (1989) 

V. labiata Campania, Italy Grotta Scaletta, Massa Lubrense Belloni & Bianchi, (1982)

V. labiata Campania, Italy Grotta Tuffo Tuffo, Sorrento (dark) Banse, (1959)

V. labiata Liguria, Italy Grotta marina di Bergeggi Bianchi et al., (1988)

V. labiata Puglia, Italy Grotta Lu Lampiune, Otranto Rosso et al., (2021)

V. labiata Puglia, Italy Grotta Elle, Foggia Cardone et al., (2022)

V. labiata Sicily, Italy Grotta dei Granchi, Siracusa Sanfilippo et al., (2015)

V. labiata Sicily, Italy Grotta Gimnasium, Siracusa Sanfilippo et al., (2015)

V. labiata Sicily, Italy Grotta di Mazzere Sanfilippo et al., (2015)

V. labiata Sicily, Italy Grotta dell’Accademia, Ustica Di Geronimo et al., (1993)

V. labiata Sicily, Italy Grotta IV dell’Isca, Punta Campanella Ruggiero et al., (1996); 
Sanfilippo & Mòllica, (2000)

V. labiata North Aegean, Greece Fara Bay Islet cave, Lesvos Island (dark) Sanfilippo et al., (2017)

V. labiata North Aegean, Greece Agios Vasilios Cave, Lesvos Island 
(semidark cave)

Gerovasileiou et al., (2015, 
2016b);  Sanfilippo et al., 
(2017)
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text of coastal aquifers. Deposit feeders like P. burballes 
sp. nov. likely play a crucial role in carbon and energy 
cycles, alongside often-overlooked components of cave 
biodiversity, such as meiofauna and microbes (Branko-
vits et al., 2017; Brankovits et al., 2022; Martínez, 2023).

Regarding Vermiliopsis labiata, this uncommon spe-
cies is more frequently reported in caves –where it forms 
scattered aggregations of a few individuals surrounded 
by tube remains (Cinelli et al., 1977)– than in open sea 
sciaphilous habitats (San Martín, 2022). It was report-
ed in several Mediterranean marine caves, all of which 
maintain clear connections to the open sea (Zibrowius, 
1968; Bianchi, 1981; San Martín, 2022). Therefore, the 
population found in the Cova des Bastons represents the 
first anchialine record for this species. However, in the 
Cova des Bastons, V. labiata did not co-occur with the 
polynoid and the terebellid, as it was found in a cave 
section relatively closer to the open sea, at 5-10 m depth 
within the brackish water mass. This section also hosted 
an unidentified sponge, along with crustaceans (authors, 
personal observations), suggesting periodic or ongoing 
water exchange with the cave’s open-sea section. Such 
exchange likely enriches the water column with partic-
ulate organic matter (Fichez, 1991; Gerovasileiou & Bi-
anchi 2021), which may explain the presence of a seden-
tary tube-dwelling annelid that never leave its calcareous 
tube, which are firmly attached to the substrate. While 
numerous serpulids have been reported from marine 
caves (Gerovasileiou et al., 2016a), Marifugia cavatica 
Absolon & Hrabě, 1930 is the only stygobiotic species, 
exclusively inhabiting freshwater phreatic environments 
in the Dinaric karst (Kupriyanova et al., 2009). Interest-
ingly, M. cavatica likely colonized these subterranean en-
vironments coming from estuarine coastal habitats, rather 
than from marine caves (Absolon & Hrabě, 1930).

In summary, the Cova des Bastons apparently expe-
rienced multiple colonization events. Stygobites such as 
P. perezi, B. palmeri and M. ponsi are likely ancient an-
chialine colonisers that diverged from their marine rel-
atives to adapt to this particular environment, reaching 
the cave through crevicular systems connecting the dif-
ferent Balearic caves. Conversely, more recent colonizers 
such as V. labiata, are morphologically and molecularly 
indistinguishable from those found outside the anchialine 
zone. Finally, the situation of P. burballes sp. nov. is still 
uncertain, because some of the supposedly stygobiotic at-
tributes also occur in open-sea congeners, while its phy-
logenetic and biogeographic relationships are obscured 
by the scarcity of comparable information.

Overall, our findings highlight the importance of con-
serving the fragile anchialine environments, particularly 
in the Balearic Islands, amidst the accelerating climate 
change and increasing anthropogenic pressures (Fergu-
son & Gleeson, 2012). These isolated anchialine cave 
environments provide fragmented and oligotrophic hab-
itats often supporting specialized, endemic species, yet 
their inaccessibility left their fauna poorly studied. In this 
context, the discovery of P. burballes sp. nov. alongside 
the uncertainties regarding its origin and distribution, 
underscores the need for continued exploration of these 

environments to fully document their biodiversity, assess 
whether the species are endemic or have broader distribu-
tions, and better understand the origins and evolutionary 
history of these unique faunas. Comprehensive studies of 
Cova des Bastons and similar cave systems in the Balear-
ic Islands are therefore essential, not only for cataloguing 
and understanding the species present but also for imple-
menting effective management and conservation strate-
gies. 

Acknowledgements

The authors would like to extend their most sincere 
gratitude to Joan Pérez (Societat Espeleològica Balear) for 
facilitating access to the cave and assisting with the col-
lection of specimens. This paper is a contribution to the re-
search project BIOCAVE (Ref. PID2022-141401NB-I00), 
funded by MICIN/AEI/10.13039/501100011033/ and 
“FEDER–Una manera de hacer Europa”, as well as to the 
Consolidated Research Group on Marine Benthic Ecol-
ogy of the Generalitat de Catalunya (2021SGR000405) 
leaded by DM. MC and the Balearic Biodiversity Centre 
are financed and promoted by MCNI and the Comunitat 
Autonoma de les Illes Balears through the Conselleria 
d’Educació i Universitats and by the European Union- 
Next Generation EU/PRTR-C17.I1 (SINCO2022/6717). 
JG was funded by an ongoing collaborative agreement 
signed with CREOCEAN. The quality of the manuscript 
has improved thanks to the comments of João M. de Ma-
tos Nogueira, an anonymous reviewer, the journal edi-
tors; Maria Bogomolova proofread the language of a final 
version. 

References

Absolon, K., Hrabě, S., 1930. Über einen neuen Süsswass-
er-Polychaeten aus den Höhlengewässern der Herzegowi-
na. Zoologischer Anzeiger, 88 (9/10), 249-264. 

Akoumianaki, I., Hugues, J.A., 2004. The distribution of mac-
roinfauna along a Mediterranean submarine cave with sul-
phur springs. Cahiers de Biologie Marine, 45 (4), 355-364. 

Altschul, S.F., Gish, W., Miller, W., Myers, E.W., Lipman, D.J., 
1990. Basic local alignment search tool. Journal of Molec-
ular Biology, 215 (3), 403-410.

Anisimova, M., Gascuel, O., 2006. Approximate likelihood-ra-
tio test for branches: a fast, accurate, and powerful alterna-
tive. Systematic Biology, 55 (4), 539-552.

Anisimova, M., Gil, M., Dufayard, J.-F., Dessimoz, C., Gascuel, 
O., 2011. Survey of branch support methods demonstrates 
accuracy, power, and robustness of fast likelihood-based ap-
proximation schemes. Systematic Biology, 60 (5), 685-699.

Balduzzi, A., Bianchi, C.N., Boero, F., Vietti, R.C., Pansini, M., 
et al., 1989. The suspension-feeder communities of a Medi-
terranean sea cave. Scientia Marina, 53 (2-3), 387-395. 

Banse, K., 1959. Über die polychaeten-besiedlung einiger sub-
mariner Höhlen. Ergebnisse der Österreichischen Tyrrhe-
ni-Expedition 1952, Teil XII. Publicazioni della Stazione 
Zoologica di Napoli, 30, 417-469. 



790 Mediterr. Mar. Sci., 26/4, 2025, 775-794

Becking, L.E., Renema, W., Santodomingo, N.K., Hoeksema, 
B.W., Tuti, Y., de Voogd, N.J., 2011. Recently discovered 
landlocked basins in Indonesia reveal high habitat diversity 
in anchialine systems. Hydrobiologia, 677 (1), 89-105. 

Bellan, G., 1965. Contribution a l’étude des polychètes des 
substrats solides circalittoraux de la région de Marseille. 
Recueil des Travaux de la Station Marine d’Endoume, 55 
(39), 237-252.

Bellan, G., 1968. Contribution à l’étude des Polychètes des 
substrats solides circalittoraux des environs de Marseille. 
II. Polychètes (Serpulides xclues) des grottes sous-marines. 
Recueil des Travaux de la Station Marine d’Endoume, 44 
(60), 109-123.

Belloni, S., Bianchi, C.N., 1982. Policheti di alcune grotte ma-
rine della penisola sorrentina (Golfo di Napoli). Bollettino 
del Museo del Istituto de Biologia dell’Universita di Geno-
va, 50, 118-127. 

Bianchi, C.N., 1981. Policheti Serpuloidei. In: Guide per il 
reconoscimiento delle specie animali delle acque lagunari 
e costiere italiane, Volume. 5 (pp. 1-187). Genova: Con-
siglio Nazionale delle Ricerche (CNR). 

Bianchi, C.N., Cevasco, M.G., Diviacco, G., Morri, C., 1988. 
Primi risultati di una ricerca ecologica sulla grotta mari-
na di Bergeggi (Savona). Bollettino dei Musei e degli Is-
tituti Biologici dell’Università di Genova, 52 (supplement 
1986), 267-293.

Bianchi, C.N., Morri, C.N., 2000. Serpuloidea (Annelida: Poly-
chaeta) from Milos, an island in the Aegean Sea with sub-
marine hydriothermalism. Journal of the Marine Biological 
Association of the United Kingdom, 80 (2), 259-269.

Bobretzky, N., 1868. Bristle worms (Annulata Chaetopoda) of 
the Bay of Sebastopol [in Russian]. In: Proceedings of the 
1st Congress of Russian Naturalists in St. Petersburg, De-
partment of Zoology (pp. 137-160). St. Petersburg: Natur-
forschender Versammlung.

Boore, J.L., Brown, W.M., 2000. Mitochondrial genomes of 
Galathealinum,, Helobdella, and Platynereis: Sequence and 
gene arrangement comparisons indicate that Pogonophora 
is not a phylum and Annelida and Arthropoda are not sister 
taxa. Molecular Biology and Evolution, 17 (1), 87-106. 

Boxshall, G.A., Jaume, D., 2000. Discoveries of cave misophri-
oids (Crustacea: Copepoda) shed new light on the origin 
of anchialine faunas. Zoologischer Anzeiger, 239 (1), 1-19. 

Brankovits, D., Pohlman, J.W., Lapham, L.L., 2022. Oxygen-
ation of a karst subterranean estuary during a tropical cy-
clone: mechanisms and implications for the carbon cycle. 
Limnology and Oceanography, 67 (12), 2691-2705. 

Brankovits, D., Pohlman, J.W., Niemann, H., Leigh, M.B., Lee-
wis, M.C.  et al., 2017. Methane-and dissolved organic car-
bon-fueled microbial loop supports a tropical subterranean 
estuary ecosystem. Nature Communications, 8 (1), 1835. 

Burnette, A.B., Struck, T.H., Halanych, K.M., 2005. Holope-
lagic Poeobius meseres (“Poeobiidae,” Annelida) is derived 
from benthic flabelligerid worms. The Biological Bulletin, 
208 (3), 213-220. 

Cantone, G., Fassari, G., Brigandi, S., 1979. Ricerche sui poli-
cheti e molluschi di una grotta semisommersa del litorale 
catanese. Animalia, 6, 127-141. 

Capa, M., Pons, J., Jaume, D., 2022. Discovery of a new scale 
worm (Annelida: Polynoidae) with presumed deep-sea 

affinities from an anchialine cave in the Balearic Islands 
(western Mediterranean). Zoological Journal of the Linne-
an Society, 196 (1), 479-502. 

Cardone, F., Mazzetti, M., Sorci, A., Cesaretti, A., Cimmaruta, 
R.  et al., 2022. First speleological and biological charac-
terization of a submerged cave of the Tremiti Archipelago 
geomorphosite (Adriatic Sea). Geosciences, 12 (5). 

Caullery, M., 1915. Sur les Terebelliens de la sous-famille 
Polycirrinae Malmgr. 1. Délimitation de genres. 2. Polycir-
rus arenivorus n. sp. Bulletin de la Société Zoologique de 
France, 40, 239-248.

Cepeda, D., Lattig, P., 2016. A new species of Polycirridae 
(Annelida: Terebellida) and three new reports for Cantabri-
an and Mediterranean Seas. Cahiers de Biologie Marine, 
57, 371-387. 

Cepeda, D., López, E., San Martín, G., Parapar, J., 2022. An-
nelida Polychaeta VI. In Ramos, M.A., Alba, J., Gosálbez, 
J., Guerra, Á., Macpherson, E., Serrano, J., Templado, J. 
(Eds.), Fauna Iberica (Vol. 47, pp. 1-456). Madrid: Museo 
Nacional de Ciencias Naturales, CSIC.

Çinar, M.E., Erdoğan-Dereli, D., 2023. Polychaetes (Annelida: 
Polychaeta) off Kıyıköy (Black Sea, Türkiye) with descrip-
tions of three new species. Zootaxa, 5383 (4), 537-560. 

Cinelli, F., Fresi, E., Mazzella, L., Pansini, M., Pronzato, R.  et 
al., 1977. Distribution of benthic phyto- and zoocoenoses 
along a light gradient in a superficial marine cave. In: Biol-
ogy of benthic organisms (pp. 173-183): Elsevier.

Claparède, É., 1864. Glanures zootomiques parmi les annélides 
de Port-Vendres (Pyrénées Orientales). Mémoires de la 
Société de Physique et d’Histoire Naturelle de Genève, 17 
(2ème partie), 463-600, pls. 461-468. 

Claparède, É., 1868. Les Annélides Chétopodes du Golfe de 
Naples. Mémoires de la Société de physique et d’histoire 
naturelle de Genève, 19 (2), 313-584. 

Costa, O.G., 1861. Di un nuovo genere di Anellidi dell’ordine 
dei tubicolarii e della fauni glia dei Chetopterini, scoperto 
nel mare di Napoli. Ommagio al Re d’Italia Vittorio Em-
manuele dell’ Accademia Pontaniana, Napoli, 1 (2), 53-62.

Delle Chiaje, S., 1822 [1830]. Memorie sulla storia e notomia 
degli animali senza vertebre del Regno di Napoli. Naples.

Delle Chiaje, S., 1828. Memorie sulla storia e notomia degli 
animali senza vertebre del Regno di Napoli (Vol. III). Na-
poli: Stamperia della Societá Tipografica.

Di Geronimo, I., La Perna, R., Rosso, A., Sanfilippo, R., 1993. 
Popolamento e tanatocenosi bentonica della Grotta dell’Ac-
cademia (Ustica, Mar Tirreno meridionale). Naturalista Si-
ciliano, 17, 45-63.

Eliason, A., 1962. Undersökningar över Öresund: XXXXI. 
Weitere untersuchungen über die polychaetenfauna 
des Örensunds. Lunds Universitet. Arsskrift, Audelnin-
gen 2. Kungliga Fysiografiska Salskapetsi Lund. Han-
dlinger, 58, 1-98.

Fabricius, O., 1780. Fauna Groenlandica, systematice sistens, 
Animalia Groenlandiae occidentalis hactenus indagata, 
quoad nomen specificum, triviale, vernaculumque syn-
onyma auctorum plurium, descriptionem, locum, victum, 
generationem, mores, usum, capturamque singuli prout 
detegendi occasio fuit, maximaque parte secundum pro-
prias observationes. Copenhagen, Denmark and Leip-
zig, Germany.



791Mediterr. Mar. Sci., 26/4, 2025, 775-794

Fauvel, P., 1909. Deuxième note préliminaire sur les polychètes 
provenant des campagnes de l’Hirondelle et de la Prin-
cesse-Alice ou déposées dans le Musé Océanographique de 
Monaco. Bulletin de l’Institute Océanographique de Mona-
co, 142, 1-76. 

Fauvel, P., 1927. Faune de France. Polychètes Sédentaires. 
Faune de France, 16, 1-475. 

Ferguson, G., Gleeson, T., 2012. Vulnerability of coastal aqui-
fers to groundwater use and climate change. Nature Climate 
Change, 2 (5), 342-345. 

Fichez, R., 1991. Suspended particulate organic matter in a Med-
iterranean submarine cave. Marine Biology, 108, 167-174. 

Folmer, O., Black, M., Hoeh, W., Lutz, R., Vrijenhoek, R., 
1994. DNA primers for amplification of mitochondrial cy-
tochrome c oxidase subunit I from diverse metazoan inver-
tebrates. Molecular Marine Biology and Biotechnology, 3 
(5), 294-299. 

Galán, C., Arrieta-Etxabe, D., 2014. Cuevas marinas en el 
flysch de Igueldo (País Vasco). Donosti: Laboratorio de Bi-
oespeleología. Sociedad de Ciencias Aranzadi.

Galán, C., Herraiz, I., Nieto, M., 2020. Fauna cavernícola en 
una sima con biotopos anquihalinos en el litoral de Ulía 
(arenisca de la Formación Jaizkibel, País Vasco). Web 
aranzadi-sciences. org, PDF archive: Publicaciones del De-
partamento de Espeleologia de la Sociedad Científica, 42 
pp Aranzadi.

Galán, C., Nieto, M., 2016. Crustacea Mystacocarida y Copep-
oda en cavidades en arenisca en el Rincón del Búho (mon-
te Ulía, Donosti, País Vasco). Web aranzadi-sciences. org, 
PDF archive: Publicaciones del Departamento de Espeleo-
logia de la Sociedad Científica, 30 pp Aranzadi.

Geller, J., Meyer, C., Parker, M., Hawk, H., 2013. Redesign of 
PCR primers for mitochondrial cytochrome c oxidase subu-
nit I for marine invertebrates and application in all‐taxa biot-
ic surveys. Molecular Ecology Resources, 13 (5), 851-861. 

Gerovasileiou, V., Bianchi, C.N., 2021. Mediterranean marine 
caves: A synthesis of current knowledge. Oceanography 
and Marine Biology, 59, 1-87.

Gerovasileiou, V., Chintiroglou, C.C., Konstantinou, D., Voult-
siadou, Ε., 2016b. Sponges as “living hotels” in Mediterra-
nean marine caves. Scientia Marina, 80, 279-289.

Gerovasileiou, V., Chintiroglou, C., Vafidis, D., Koutsoubas, 
D., Sini, M.  et al., 2015. Census of biodiversity in ma-
rine caves of the eastern Mediterranean Sea. Mediterranean 
Marine Science, 16 (1), 245-265. 

Gerovasileiou, V., Martínez, A., Álvarez, F., Boxshall, G., 
Humphreys, W.F.  et al., 2016a. World Register of marine 
Cave Species (WoRCS): a new thematic species database 
for marine and anchialine cave biodiversity. Research Ideas 
and Outcomes, 2, e10451. 

Gil, J., 2011. The European Fauna of Annelida Polychaeta. 
(PhD), Faculdade de Ciências, Universidade de Lisboa, 
Lisboa. Retrieved from http://hdl.handle.net/10451/4600 

Glasby, C.J., Fiege, D., Van Damme, K., 2014. Stygobiont 
polychaetes: notes on the morphology and the origins of 
groundwater Namanereis (Annelida: Nereididae: Nama-
nereidinae), with a description of two new species. Zoolog-
ical Journal of the Linnean Society, 171 (1), 22-37. 

Glasby, C.J., Glasby, T.M., 2006. Two types of uncini in Poly-
cirrus (Polychaeta: Terebellidae: Polycirrinae) revealed us-

ing geometric morphometrics. Journal of Natural History, 
40 (5-6), 237-253. 

Glasby, C.J., Hutchings, P., 2014. Revision of the taxonomy of 
Polycirrus Grube, 1850 (Annelida: Terebellida: Polycirri-
dae). Zootaxa, 3877, 1-117. 

Gonzalez, B.C., Borda, E., Carvalho, R., Schulze, A., 2012. 
Polychaetes from the Mayan underworld: phylogeny, evo-
lution, and cryptic diversity. Natura Croatica: Periodicum 
Musei Historiae Naturalis Croatici, 21 (suppl. 1), 51-53. 

Gonzalez, B.C., Martínez, A., Worsaae, K., Osborn, K.J., 2021. 
Morphological convergence and adaptation in cave and 
pelagic scale worms (Polynoidae, Annelida). Scientific Re-
ports, 11 (1), 10718. 

Gouy, M., Guindon, S., Gascuel, O., 2010. SeaView version 4: 
a multiplatform graphical user interface for sequence align-
ment and phylogenetic tree building. Molecular Biology 
and Evolution, 27 (2), 221-224. 

Grube, A.E., 1850. Die Familien der Anneliden. Archiv für Na-
turgeschichte, Berlin, 16 (1), 249-364. 

Grube, A.E., 1860. Beschreibung neuer oder wenig bekannter 
Anneliden. Beitrag: Zahlreiche Gattungen. Archiv für 
Naturgeschichte, Berlin, 26, 71-118

Harmelin, J.G., 1980. Établissement des communautés de subs-
trats durs en milieu obscur. Memorie di Biología Marina e 
di Oceanografía, 10, 29-52. 

Harmelin, J.G., Boury-Esnault, N., Fichez, R., Vacelet, J., 
Zibrowius, H., 2003. Peuplement de la grotte sous-marine 
de l’île de Bagaud (parc national de Port-Cros, France, 
Méditerranée). Scientific Reports of the Port-Cros Natural 
Park, 19, 117-134. 

Hartmann-Schröder, G., 1974. Die Unterfamilie Macellicephal-
inae Hartmann-Schröder, 1971 (Polynoidae, Polychaeta). 
Mit Beschreibung einer neuen Art, Macellicephala jameen-
sis n.sp., aus einem Höhlengewässer von Lanzarote (Kanar-
ische Inseln). Mittheilungen aus dem Hamburgischen Zool-
ogischen Museum und Institut, 71, 75-85. 

Huber, M.E., Arneson, C.A., Widder, E., 1989. Extremely 
blue bioluminescence in the polychaete Polycirrus per-
plexus (Terebellidae). Bulletin of Marine Science, 44 (3), 
1236-1239. 

Hutchings, P.A., Glasby, C.J., 1986. The Polycirrinae (Poly-
chaeta: Terebellidae) from Australia. Records of the Aus-
tralian Museum, 38, 319-350. 

Hutchings, P.A., Kupriyanova, E., 2018. Cosmopolitan poly-
chaetes – fact or fiction? Personal and historical perspec-
tives. Invertebrate Systematics, 32 (1), 1-9. 

Hutchings, P.A., Nogueira, J.M.M., Carrerette, O., 2017. Ter-
ebellidae s.l.: Polycirridae Malmgren, 1866, Terebellidae 
Johnston, 1846, Thelepodidae Hessle, 1917, Trichobranchi-
dae Malmgren, 1866, and Telothelepodidae Nogueira, 
Fitzhugh & Hutchings, 2013. In: Purschke G, Böggemann 
M, Westheide W (eds) Volume 1: Annelida basal groups and 
Pleistoannelida, Sedentaria. In: Purschke, G, Böggemann, 
M, Westheide, W (Eds), Annelida. In: Schmidt-Rhaesa, A. 
(Ed.), Handbook of Zoology. Berlin, Boston: De Gruyter.

Iliffe, T.M., 2002. Conservation of anchialine cave biodiversity. 
In: Proceedings of the Symposium Karst Frontiers. Karst 
Waters Institute Special Publication, 7, 99-102. 

Iliffe, T.M., 2018. Collecting and processing crustaceans from 
anchialine and marine caves. Journal of Crustacean Biolo-



792 Mediterr. Mar. Sci., 26/4, 2025, 775-794

gy, 38 (3), 374-379. 
Iliffe, T.M., Kornicker, L.S., 2009. Worldwide diving discov-

eries of living fossil animals from the depths of anchialine 
and marine caves. Smithsonian Contributions to the Marine 
Sciences, 38, 269-280. 

Jaume, D., Boxshall, G.A., Gràcia, F., 2008. Stephos (Copepo-
da: Calanoida: Stephidae) from Balearic caves (W Mediter-
ranean). Systematics and Biodiversity, 6 (4), 503-520. 

Jaume, D., García, L., 1992. A new Metacirolana (Crustacea: 
Isopoda: Cirolanidae) from an anchihaline cave lake on 
Cabrera (Balearic Islands). Stygologia, 7 (3), 179-186. 

Jaume, D., García, L., 1993. Burrimysis palmeri, a new genus 
and species of Heteromysini (Crustacea: Mysidacea) from 
an anchihaline cave lake of Cabrera (Balearic Islands, Med-
iterranean). Bijdragen tot de dierkunde, 62 (4), 227-235. 

Jimi, N., Bessho-Uehara, M., Nakamura, K., Sakata, M., 
Hayashi, T.  et al., 2023. Investigating the diversity of bi-
oluminescent marine worm Polycirrus (Annelida), with 
description of three new species from the Western Pacific. 
Royal Society Open Science, 10 (3), 230039. 

Johnson, F.H., Johnson, M.M., 1959. The luminescent flash of 
Polycirrus. Journal of Cellular and Comparative Physiolo-
gy, 53 (2), 179-186. 

Jumars, P.A., Dorgan, K.M., Lindsay, S.M., 2015. Diet of 
worms emended: An update of polychaete feeding guilds. 
Annual Review of Marine Science, 7 (1), 497-520. 

Kalyaanamoorthy, S., Minh, B.Q., Wong, T.K., Von Haeseler, 
A., Jermiin, L.S., 2017. ModelFinder: fast model selection 
for accurate phylogenetic estimates. Nature Methods, 14 
(6), 587-589. 

Kanie, S., Miura, D., Jimi, N., Hayashi, T., Nakamura, K.  et al., 
2021. Violet bioluminescent Polycirrus sp. (Annelida: Ter-
ebelliformia) discovered in the shallow coastal waters of the 
Noto Peninsula in Japan. Scientific Reports, 11 (1), 19097. 

Katoh, K., Standley, D.M., 2013. MAFFT multiple sequence 
alignment software version 7: improvements in perfor-
mance and usability. Molecular Biology and Evolution, 30 
(4), 772-780. 

Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M.  
et al., 2012. Geneious Basic: An integrated and extendable 
desktop software platform for the organization and analysis 
of sequence data. Bioinformatics, 28 (12), 1647-1649. 

Keith, D.A., Ferrer-Paris, J.R., Nicholson, E., Bishop, M.J., 
Polidoro, B.A. et al., 2022. A function-based typology for 
Earth’s ecosystems. Nature, 610 (7932), 513-518. 

Kupriyanova, E., ten Hove, H.A., Sket, B., Zaksek, V., Tron-
telj, P.  et al., 2009. Evolution of the unique freshwater 
cave-dwelling tube worm Marifugia cavatica (Annelida: 
Serpulidae). Systematics and Biodiversity, 7 (4), 389-401. 

Kupriyanova, E.K., Macdonald, T.A., Rouse, G.W., 2006. Phy-
logenetic relationships within Serpulidae (Sabellida, Anne-
lida) inferred from molecular and morphological data. Zoo-
logica Scripta, 35 (5), 421-439. 

Labrune, C., Lavesque, N., Bonifácio, P., Hutchings, P.A., 
2019. A new species of Pista Malmgren, 1866 (Polychaeta, 
Terebellidae) from the north-western Mediterranean Sea. 
ZooKeys, 838, 71-84. 

Lamarck, J.B., 1802. La nouvelle classes des Annélides. Bul-
letin du Muséum d’Histoire Naturelle, Paris, An X, Disc. 
d’ouverture, 27 Floréal. 

Lavesque, N., Hutchings, P.A., Daffe, G., Londoño-Mesa, 
M.H., 2020. Revision of the French Polycirridae (Anneli-
da, Terebelliformia), with descriptions of eight new species. 
Zootaxa, 4869 (2), 151-186. 

Lavesque, N., Hutchings, P.A., Londoño-Mesa, M.H., Noguei-
ra, J.M.M., Daffe, G. et al., 2021. The “Spaghetti Project”: 
the final identification guide to European Terebellidae (sen-
su lato) (Annelida, Terebelliformia). European Journal of 
Taxonomy, 782 (1), 108-156. 

Lê, H.L.V., Lecointre, G., Perasso, R., 1993. A 28s based phy-
logeny of the Gnathostomes: first steps in the analysis 
of conflict and congruence with morphologically based 
cladograms. Molecular Phylogenetics and Evolution, 2 
(1), 31-51. 

Linnaeus, C., 1767. Systema Naturae per Regna Tria Naturae, 
secundum classes, ordines, genera, species, cum charac-
teribus, differentiis, synonymis, locis. Editio Duodecima, 
Reformata, Tomus I, Pars II. Regnum Animale. Stockholm: 
Laurentii Salvii.

Lozano-Fernandez, J., Giacomelli, M., Fleming, J.F., Chen, A., 
Vinther, J.  et al., 2019. Pancrustacean evolution illuminat-
ed by taxon-rich genomic-scale data sets with an expanded 
remipede sampling. Genome Biology and Evolution, 11 (8), 
2055-2070. 

Malmgren, A.J., 1866. Nordiska Hafs-Annulater. Öfversigt af 
Königlich Vetenskapsakademiens förhandlingar, Stock-
holm, 22 (5), 355-410. 

Mammola, S., Lunghi, E., Bilandžija, H., Cardoso, P., Grimm, 
V. et al., 2021. Collecting eco‐evolutionary data in the dark: 
Impediments to subterranean research and how to over-
come them. Ecology and Evolution, 11 (11), 5911-5926. 

Mammola, S., Meierhofer, M.B., Borges, P.A.V., Colado, R., 
Culver, D.C. et al., 2022. Towards evidence-based conser-
vation of subterranean ecosystems. Biological Reviews, 97 
(4), 1476-1510. 

Martin, D., Capa, M., Martínez, A., Costa, A.C., 2022. Taxo-
nomic implications of describing a new species of Loimia 
(Annelida, Terebellidae) with two size-dependent morpho-
types. European Journal of Taxonomy, 833 (1), 60-96. 

Martínez, A., 2023. Cave Meiofauna - Models for Ecology and 
Evolution. In: New Horizons in Meiobenthos Research: 
Profiles, Patterns and Potentials (pp. 329-361): Springer.

Martínez, A., Di Domenico, M., Leasi, F., Curini-Galletti, 
M., Todaro, M.A. et al., 2019. Patterns of diversity and 
endemism of soft-bodied meiofauna in an oceanic island, 
Lanzarote, Canary Islands. Marine Biodiversity, 49 (5), 
2033-2055. 

Martínez, A., Di Domenico, M., Worsaae, K., 2013. Evolution 
of cave Axiokebuita and Speleobregma (Scalibregmatidae, 
Annelida). Zoologica Scripta, 42 (6), 623-636. 

Martínez, A., Gonzalez, B.C., Núñez, J., Wilkens, H., Oromí, 
P.  et al., 2016. Guide to the anchialine ecosystems of Los 
Jameos del Agua and Túnel de la Atlántida. Lanzarote: Ca-
bildo de Lanzarote.

Martínez, A., Kvindebjerg, K., Iliffe, T.M., Worsaae, K., 2017. 
Evolution of cave suspension feeding in Protodrilidae (An-
nelida). Zoologica Scripta, 42 (2), 214-226. 

McIntosh, W.C., 1915. Notes from the Gatty Marine Laborato-
ry, St. Andrews. No. 37. Annals and Magazine of Natural 
History, Series 8, 15, 1-58.



793Mediterr. Mar. Sci., 26/4, 2025, 775-794

Micael, J., Azevedo, J., Costa, A., 2006. Biological character-
isation of a subtidal tunnel in São Miguel island (Azores). 
Biodiversity & Conservation, 15, 3675-3684. 

Minh, B.Q., Schmidt, H.A., Chernomor, O., Schrempf, D., 
Woodhams, M.D.  et al., 2020. IQ-TREE 2: new models and 
efficient methods for phylogenetic inference in the genomic 
era. Molecular Biology and Evolution, 37 (5), 1530-1534. 

Monro, C.C.A., 1930. Polychaete worms. Discovery Reports, 
Cambridge, 2 (1), 1-222. 

Montagu, G., 1819. Descriptions of five British species of the 
genus Terebella of Linné. Transactions of the Linnean Soci-
ety of London, 12 (2), 340-344. 

Monteiro, P., Bentes, L., Oliveira, F., Rangel, O.M., Afonso, 
C. et al., 2013. An overview of the submerged sea caves of 
Sagres (South of Portugal-Algarve). Faro: Universidade do 
Algarve, Centre of Marine Sciences.

Monteiro-Marques, V., 1981. Peuplements des planchers en-
vasés de trois grottes sous-marines de la région de Mar-
seille. Étude préliminaire. Téthys, 10 (1), 89-96. 

Mörch, O.A.L., 1863. Revisio critica Serpulidarum. Et Bidrag 
til Rørormenes Naturhistorie. Naturhistorisk Tidsskrift, 
Köbenhavn, 1, 347-470. 

Müller, O.F., 1776. Zoologiae Danicae Prodromus, seu Anima-
lium Daniae et Norvegiae Indigenarum characters, nomi-
na, et synonyma imprimis popularium. Typis Hallageriis, 
Havniae. 32, 1-282

Navarro-Barranco, C., Martínez, A., Sempere-Valverde, J., 
Chebaane, S., Digenis, M. et al., 2023. Amphipods in Med-
iterranean marine and anchialine caves: new data and over-
view of existing knowledge. Diversity, 15 (12), 1180. 

Nogueira, J.M.M., Hutchings, P.A., Carrerette, O., 2015. Poly-
cirridae (Annelida, Terebelliformia) from Lizard Island, 
Great Barrier Reef, Australia. Zootaxa, 40191, 437-483. 

Nogueira, J.M.M., Van Deursen, P.F., Ranauro, N., Carrerette, 
O., 2020. On Polycirrus changbunker sp. nov. (Annelida: 
Terebelliformia: Polycirridae), a new species of polycir-
rid worms from southwestern Atlantic. Zoosymposia, 19 
(1), 185-197. 

Novosel, M., Bakran-Petricioli, T., Požar-Domac, A., Kružić, 
P., Radić, I., 2002. The benthos of the northern part of the 
Velebit Channel (Adriatic Sea, Croatia). Natura Croatica, 
11 (4), 387-409.

Núñez, J., Glasby, C.J., Naranjo, M., 2020. Groundwater anne-
lids from Gran Canaria and Fuerteventura (Canary Islands), 
with the description of two new species of Namanereis 
(Namanereidinae, Nereididae, Polychaeta). Subterranean 
Biology, 36, 35-49. 

Núñez, J., Ocaña, O., Brito, M.C., 1997. Two new species 
(Polychaeta: Fauveliopsidae and Nerillidae) and other poly-
chaetes from the marine lagoon cave of Jameos del Agua, 
Lanzarote (Canary Islands). Bulletin of Marine Science, 60 
(2), 252-260. 

Pallas, P.S., 1766. Miscellanea Zoologica. Quibus novae im-
primis atque obscurae Animalium species describuntur et 
observationibus iconibusque illustrantur. Hagae Comitum: 
Petrum van Cleef.

Petricioli, D., Cvitković, I., Šiljić, J., 2016. Study and monitor-
ing program of coralligenous biocenosis in the frame of NP 
Kornati management plan implementation [in Croatian]. 

Split, Croacia: D.I.I.V. Ltd. for Marine, Freshwater and 
Subterranean Research.

Pettibone, M.H., 1985. Polychaete worms from a cave in the 
Bahamas and from experimental wood panels in deep water 
of the north atlantic (Polynoidae: Macellicephalinae, Har-
mothoinae). Proceedings of the Biological Society of Wash-
ington, 98 (1), 127-149. 

Philippi, A., 1844. Einige Bemerkungen ueber die Gattung Ser-
pula, nebst Aufzaehlung der vonmir im Mittelmeer mit dem 
Thier beobachteten Arten. Archiv für Naturgeschichte, Ber-
lin, 10 (1), 186-198, plate 1.

Plyuscheva, M., Martin, D., Britayev, T.A., 2010. Diet analyses 
of the scale-worms Lepidonotus squamatus and Harmothoe 
imbricata (Polychaeta, Polynoidae) in the White Sea. Ma-
rine Biology Research, 6 (3), 271-281. 

Quatrefages, A.d., 1866. Histoire naturelle des annelés marins 
et d’eau douce. Annélides et Géphyriens. Tome second. Pre-
mière partie. Paris: Librairie Encyclopédique de Roret.

Radolović, M., Bakran-Petricioli, T., Petricioli, D., Surić, M., 
Perica, D., 2015. Biological response to geochemical and 
hydrological processes in a shallow submarine cave. Medi-
terranean Marine Science, 16 (2), 305-324. 

Read, G., Fauchald, K., 2025. World Polychaeta Database. 
Accessed at: http://www.marinespecies.org/polychaeta on 
2025-01-07. 

Riera, R., Monterroso, Ó., Núñez, J., Martínez, A., 2018. Distri-
bution of meiofaunal abundances in a marine cave complex 
with secondary openings and freshwater filtrations. Marine 
Biodiversity, 48 (1), 203-215. 

Rioja, E., 1947. Estudios anelidologicos. XVII. Contribución al 
conocimiento de los anélidos poliquetos de Baja California 
y Mar de Cortés. Anales del Instituto de Biologia, Mexico, 
18 (1), 197-224. 

Risso, A., 1826. Histoire naturelle des principales productions 
de l’Europe méridionale et particulièrement de celles des 
environs de Nice et des Alpes Maritimes. Tome quatrième. 
Mollusques, Annélides. Paris: F. G. Levrault.

Romero, O.R., 2019. Biology and ecology of anchialine envi-
ronments: a review. Anartia, 29, 7-19.

Rosso, A., Sanfilippo, R., Guido, A., Gerovasileiou, V., Taddei 
Ruggiero, E. et al., 2021. Colonisers of the dark: biostalac-
tite‐associated metazoans from “lu Lampiùne” submarine 
cave (Apulia, Mediterranean Sea). Marine Ecology, 42 (1), 
e12634 [12631-12615]. 

Ruggiero, E., Annunziata, G., Rosso, A.S.R. 1996. Il benthos 
della grotta sottomarina dell’Isca (Penisola Sorrentina): ev-
idenze faunistiche della sua evoluzione recente. Atti della 
Società Italiana di Ecologia, 17,  329-332.

Saint-Joseph, A.d., 1894. Les Annélides polychètes des côtes 
de Dinard. Troisième Partie. Annales des Sciences Natu-
relles (Zoologie et Paléontologie), 17, 1-395. 

San Martín, G., 2022. Família Serpulidae.In: Cepeda, D., Ló-
pez, E., San Martín, G., Parapar, J. (Eds.), Fauna ibérica. 
Vol 47, Annelida : Polychaeta VI (pp. 232-386). Madrid: 
Editorial CSIC.

Sánchez, N., Martínez, A., 2019. Dungeons and dragons: Two 
new species and records of Kinorhyncha from anchialine 
cenotes and marine lava tubes. Zoologischer Anzeiger, 
282, 161-175. 

Sanfilippo, R., Mòllica, E., 2000. Serpula cavernicola Fassari 



794 Mediterr. Mar. Sci., 26/4, 2025, 775-794

& Mòllica, 1991 (Annelida Polychaeta): diagnostic featu-
res of the tube and new Mediterranean records. Marine Life 
(Marseille), 10 (1-2), 27-32. 

Sanfilippo, R., Rosso, A., Guido, A., Gerovasileiou, V., 2017. 
Serpulid communities from two marine caves in the Aegean 
Sea, eastern Mediterranean. Journal of the Marine Biolo-
gical Association of the United Kingdom, 97, 1059-1068.

Sanfilippo, R., Rosso, A., Guido, A., Mastandrea, A., Russo, F. 
et al., 2015. Metazoan/microbial biostalactites from pres-
ent-day submarine caves in the Mediterranean Sea. Marine 
Ecology, 36 (4), 1277-1293. 

Savigny, J.-C., 1822. Système des annélides, principalement 
de celles des côtes de l’Égypte et de la Syrie, offrant les 
caractères tant distinctifs que naturels des Ordres, Familles 
et Genres, avec la description des Espèces. Description de 
l’Égypte ou Recueil des Observations et des Recherches qui 
ont été faites en Égypte pendant l’Expédition de l’Armée 
Française, publié par les Ordres de sa Majésté l’Empereur 
Napoléon le Grand. Histoire Naturelle, Paris, 1 (3), 1-128. 

Serrano, L.G., Cardell, M.J., Lozoya, J.P., Sardá, R., 2011. A 
polychaete-dominated community in the NW Mediterrane-
an Sea, 20 years after cessation of sewage discharges. Ital-
ian Journal of Zoology, 78 (sup1), 333-346. 

Stiller, J., Tilic, E., Rousset, V., Pleijel, F., Rouse, G.W., 2020. 
Spaghetti to a tree: A robust phylogeny for Terebelliformia 
(Annelida) based on transcriptomes, molecular and mor-
phological data. Biology, 9, 73. 

Stock, J.H., Illife, T.M., Williams, D., 1986. The concept “an-
chialine” reconsidered. Stygologia, 2, 90-92. 

Sullivan, J., Swofford, D.L., Naylor, G.J.P., 1999. The effect of 
taxon sampling on estimating rate heterogeneity parameters 
of maximum-likelihood models. Molecular Biology and 
Evolution, 16 (10), 1347-1347. 

Sun, Y., Al-Kandari, M., Kubal, P., Walmiki, N., Kupriyanova, 
E., 2017. Cutting a Gordian knot of tubeworms with DNA 
data: the story of the Hydroides operculata-complex (Anne-
lida, Serpulidae). Zootaxa, 4323 (1), 39-48. 

Taddei Ruggiero, E., Benigni, C., 1996. Autecology of select-
ed fossil organisms: Achievements and problems. Bolletino 
dell Societá Paleontogica Italiana, 3, 223-232. 

ten Hove, H.A., Kupriyanova, E.K., 2009. Taxonomy of Ser-
pulidae (Annelida, Polychaeta): The state of affairs. Zo-
otaxa, 2036, 1-126. 

True, M.A., 1970. Étude quantitative de quatre peuplements 
sciaphiles sur substrat rocheux dans la région marseillaise. 
Bulletin de l’Institut océanographique de Monaco, 69, 1-48.

Wollebæk, A., 1912. Nordeuropaeiske Annulata Polychaeta. 
1. Ammocharidae, Amphictenidae, Amphaeretidae, Ter-
ebellidae og Serpulidae. Videnskabelige Akademie Kristi-
ana, Skrifter Mathematisk Naturvidenskabelig Klass, 1911 
(2), 1-144. 

Worsaae, K., Gonzalez, B.C., Kerbl, A., Nielsen, S.H., Jør-
gensen, J.T.  et al., 2018. Diversity and evolution of the sty-
gobitic Speleonerilla nom. nov. (Nerillidae, Annelida) with 
description of three new species from anchialine caves in 
the Caribbean and Lanzarote. Marine Biodiversity, 49 (5), 
2167-2192. 

Worsaae, K., Mikkelsen, M.D., Martínez, A., 2019. Description 
of six new species of Mesonerilla (Nerillidae, Annelida) 
and an emended description of M. intermedia Wilke, 1953, 
from marine and cave environments. Marine Biodiversity, 
49 (5), 2141-2165. 

Zibrowius, H., 1968. Étude morphologique, systématique et 
écologique des Serpulidae (Annelida Polychaeta) de la ré-
gion de Marseille. Recueil des Travaux de la Station Marine 
d’Endoume, Bulletin, 43 (59), 81-252. 

Supplementary Data

The following supplementary information is available online for the article:
Fig. S1: Phylogenetic trees of the (A) nuclear 28S rDNA D1 region and (B) the mitochondrial COI Polycirrini data set. Bootstrap 
statistical support values are reported above tree branches. Coloured in green outgroup terminals; in orange, representatives of 
non-Polycirrini; in blue, sequences belonging to individuals identified as Polycirrus in public repositories; and in red the new 
species.
Fig. S2: Phylogenetic tree of the nuclear 28S rDNA data set for Serpulidae. Bootstrap statistical support values are reported above 
tree branches. Coloured in green outgroup terminals; in blue, sequences identified as Vermiliopsis labiata in public repositories; 
and in red the specimen from cova des Bastons.
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