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Abstract
Meiofauna includes an astonishing diversity of organisms, whose census is far from being complete. Most classic 
ecological studies have focused on hard-bodied Ecdysozoan taxa (notably Copepoda and Nematoda), whose cuticle 
allows determination at species-level after fixation, rather than soft-bodied, Spiralian taxa, which most often lose any 
diagnostic feature in fixed samples. Yet, metabarcoding studies have recently revealed a species-richness of soft- 
bodied taxa comparable, and in cases superior, to that of Copepoda and Nematoda together. However, given 
objective difficulties inherent to their study, which necessarily has to be performed on living individuals, and their 
limited utilisation for ecological and applicative research, taxonomic expertise on soft-bodied organisms has declined 
over the years, and diversity of these phyla in most areas of the world is presently completely unknown. Here we 
present an expert-based survey of current knowledge on the composition and distribution of soft-bodied meiofaunal 
taxa in Italy, with special references to the predominantly or exclusively meiobenthic phyla Gastrotricha, 
Gnathostomulida, Platyhelminthes, Rotifera, Xenacoelomorpha, and macrofaunal taxa with conspicuous meiofaunal 
representatives (Annelida, Mollusca and Nemertea). A total of 638 described species have been reported from 
Italian coasts; furthermore, the existence of a large number of undescribed species is mentioned. Knowledge of 
Annelida, Gastrotricha, and Rotifera appears particularly detailed, placing Italy among the best-known country 
worldwide. In contrast, knowledge of Platyhelminthes and Xenacoelomorpha appears patchy, and limited to few 
areas. Sampling effort has been uneven, with most species recorded from the Tyrrhenian Sea, while large sections of 
the Adriatic and Ionian seas have been poorly explored. Results highlight the role that Marine Biological Stations, 
notably the Zoological Station “Anton Dohrn” in Naples, have had in promoting the study of soft-bodied taxa in 
Italy.
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Introduction
Out of 34 metazoan phyla, at least 23 have some 
representatives in the meiofauna (Cerca et al. 2018), 
operationally defined as the fraction of fauna passing 
through sieves with 500 (or 1000, depending on the 
definition) μm mesh width and being retained by 
sieves with 31 (or 63) μm mesh width (see, i.e., 
Giere 2009). Studies on size spectra of marine 
benthic fauna have proved that meiofauna, far 
from being just an arbitrarily defined size-class, 
represents a distinct ecological and biological unit, 
and an important link between micro- and macro- 
benthos (Warwick 1984).

Marine meiofauna is known for its extremely high 
diversity: not only, in fact, a number of phyla (among 
which Gastrotricha, Gnathostomulida, Kinorhyncha, 
Loricifera, and Rotifera) are exclusively meiofaunal 
(Higgins & Thiel 1988), but the exact figure of meio-
faunal species worldwide is still very far from having 
been assessed (Appeltans et al. 2012). Based on the 
numbers of site-restricted OTUs in sites a mere 20 km 
far apart along coasts of the United Kingdom and on 
the proportion of the few OTUs that can be attributed 
to known species, Fonseca et al. (2014) suggested that 
at least one million meiofaunal species have yet to be 
described – and this considering littoral habitats only.

While minute body size, rapid turn-over, and 
restricted dispersal capability are common traits of 
meiofaunal organisms, others, such as filiform or flat-
tened body shapes, adhesive structures and static 
organs are particularly crafted features that allow 
these organisms to live interstitially among sand grains 
(see Giere 2009). Most classic ecological studies on 
the astonishingly diverse interstitial meiofauna have 
focussed on the so-called “hard-bodied meiofauna” 
(notably Copepoda and Nematoda), whose thick cuti-
cle allows retrieval of specimens from fixed samples, in 
conditions suitable for identification at the species 
level (Kennedy & Jacoby 1999), and even allowed 
descriptions of species from Late Cambrian fossils 
(Harvey & Butterfield 2017). This is not the case for 
the “soft-bodied” taxa, which most often lose any 
diagnostic character after fixation (Garraffoni & 
Freitas 2017). As an arguable result, ecological studies 
on meiofauna, largely based upon fixed samples, have 
emphasised the role of Nematoda and Copepoda in 
terms of biomass and diversity, as well as their rele-
vance for monitoring pollution, to the exclusion of any 
other meiofaunal taxa (Raffaelli & Mason 1981; 
Warwick 1981). This widely accepted view was to 
change in later decades. With its high diversity and 
challenging taxonomic resolutions, meiofauna became 
in fact an ideal field for the application of innovative 
techniques such as metabarcoding on environmental 

DNA, which revealed a comparable, if not higher, 
diversity of soft-bodied taxa with respect to hard- 
bodied taxa (Fonseca et al. 2010). However, the vast 
majority of the retrieved sequences of soft-bodied taxa 
could not be assigned to known species, due to lack of 
correspondence in GenBank (Leasi et al. 2018).

The taxonomic bias affecting meiofaunal studies 
in general is particularly felt in soft-bodied taxa, 
whose diagnostic features need to be observed on 
living material (Higgins & Thiel 1988), making 
quick examination of samples necessary, ideally on 
facilities close to the coast, such as Marine 
Biological Stations. Given these operative difficul-
ties, and the limited utilisation of soft-bodied taxa 
for ecological studies and applicative research, 
which nowadays attract most of the funds, it is not 
surprising that taxonomic expertise on soft-bodied 
organisms has declined over the years, leading to the 
current situation where there are few taxonomic 
experts worldwide, if any. Taxonomic knowledge 
of these taxa is consequently patchy and limited to 
the areas where the few experts have operated. 
Several workshops held in the past decades, focuss-
ing on biodiversity of meiofauna, including soft- 
bodied taxa, resulted in few, restricted zones com-
paratively very well known, in particular parts of the 
North Sea, the Swedish West coast, South Brazil, 
Galapagos islands, and Lanzarote (Canary Islands) 
(Westheide 1991; Armonies & Reise 2000; Willems 
et al. 2009; Fonseca et al. 2014; Martínez et al. 
2019, and references therein). These areas contrast 
sharply with large part of the planet, from which 
nothing is known.

In Italy, soft-bodied taxa have been the focus of two 
workshops held in the National Parks “Arcipelago di La 
Maddalena” and “Isola dell’Asinara”. There, in a 10- 
day-period, 203 and 191 species, respectively, were 
found, more than 1/3 of which new to science (Curini- 
Galletti et al. 2012; Martínez et al. 2020). The only 
partial overlap in species composition of the two close- 
by sites suggests that, given the length and complexity of 
the Italian coastline, the heterogeneity of physical and 
chemical parameters of its seas (Berline et al. 2014), and 
the potential for allopatric speciation and restricted 
ranges of interstitial meiofauna (Giere 2009, but see 
Cerca et al. 2018), soft-bodied meiofaunal taxa may 
contribute significantly to Italian biodiversity.

During the LXXX congress of the “Unione 
Zoologica Italiana”, held in Rome in September 2019, 
one session, organised by the “Comitato Scientifico per 
la Fauna d’Italia”, was specifically devoted to presenta-
tion of the state of knowledge of Italian biodiversity. 
This prompted worldwide experts on interstitial meio-
fauna to join efforts in order to summarise the present 

370 M. Curini-Galletti et al.



knowledge about diversity and distribution of main soft- 
bodied metazoan meiofaunal taxa along the Italian 
coasts. The results are presented here.

Material and methods

Information on species occurrence and distribution 
given is mainly based on existing literature. The 
backbone data derive from the comprehensive 
checklist of the Italian marine fauna sponsored by 
the Società Italiana di Biologia Marina (S.I.B.M.) 
(Relini 2008, 2010), updated with information pub-
lished in the timeframe 2010–2019, whose citations 
may be found below, in sections devoted to single 
taxa. Most recent data on Platyhelminthes and 
Xenacoelomorpha have been acquired from web- 
sites devoted to these organisms (i.e., http://acoela. 
myspecies.info/en; http://marinespecies.org/turbellar 
ians/index.php; http://turbellaria.umaine.edu/) and 
maintained/edited by authors of the present paper. 
When unpublished information is provided, this is 
properly detailed. Information concerning new, still 
unpublished species is also given in the following 
sections. Distribution maps are based on the biogeo-
graphical sectors of the Italian seas, as proposed by 
Bianchi (2004).

Xenacoelomorpha

Xenacoelomorpha includes two phyla: Xenoturbellida 
and Acoelomorpha (Philippe et al. 2011). Only this 
latter is represented in the Mediterranean, by the two 
taxa – traditionally considered at the order-level – 
Acoela and Nemertodermatida (Hejnol et al. 2009). 
Xenacoelomorpha is a clade of paramount phyloge-
netic interest for its position as the sister group of the 
remaining Bilateria (the Nephrozoa), although alter-
native hypotheses have been advanced, placing it with 
the Deuterostomes (see Jondelius et al. 2019 for cri-
tical analysis). The basally splitting branch occupied 
by Xenacoelomorpha has enhanced studies on their 
character states and molecular organisation, as a key to 
a better understanding of the origin and diversification 
of the Bilateria (Jondelius et al. 2011).

In contrast to Xenoturbellida, which may attain 
a large size (to more than 20 cm) (Rouse et al. 
2016), the vast majority of Acoela and 
Nemertodermatida are typical representatives of 
soft-bodied, interstitial meiofauna (Figure 2(b,c)) – 
although a few larger, epibenthic species exist, as 
well as very few planktonic and symbiotic species. 
Acoela is by far the most diverse group, with about 
440 nominal species described worldwide (Jondelius 
& Jondelius 2020). They are abundant in marine 

coastal and deep habitats, from clean sand to mud, 
with some species occurring in the sulphide biome 
(Jondelius & Jondelius 2020). In many habitats, they 
can be among the dominant organisms: in particu-
lar, the algal-symbiont bearer convolutids, such as 
Symsagittifera roscoffensis (von Graff 1891), can be so 
numerous that, when exposing the photosynthetic 
partners to light at low tide, they may give the sand 
a bright green colour (Schmidt-Rhaesa 2020). In the 
Ligurian Sea, the abundance of acoels was observed 
to rise in conjunction with the settlement of larvae of 
macrobenthic organisms. Predation of acoels on 
these larvae, and especially on Polychaeta may thus 
ultimately contribute in shaping macrofaunal com-
munities (Danovaro et al. 1995).

A total of 41 species have been so far reported for 
Italy, with a larger number (62) of new, still unde-
scribed species, which have been collected in recent 
years (U.J. own unpubl. data; http://acoela.myspe 
cies.info/en). Most species have been found in the 
comparatively intensely studied sectors 2, 3 and 9, 
with 29, 18 and 13 species, respectively, where spe-
cific research by one of the authors (U.J.) was 
undertaken. In sharp contrast, very few species or 
none are known from the severely understudied sec-
tors 5, 6, 7. Given the long tradition of studies on 
Acoela in Italy –the oldest record dates from mid- 
nineteenth century: Symsagittifera schultzei 
(Schmidt, 1852), from Lesina – it is not surprising 
that numerous species were described in the XIX 
and early XX centuries for Naples, Messina, and the 
Gulf of Trieste, where existing commodities allowed 
research to foreign students.

In contrast to Acoela, Nemertodermatida are 
much rarer animals, known in some instances for 
few specimens only (Jondelius & Jondelius 2020). 
Eighteen nemertodermatid species are currently 
known worldwide. However, the lack of easily diag-
nosable characters, and the slight morphological dif-
ferentiation among species, if any, make often 
necessary to rely on molecular data for species iden-
tification, and numerous cryptic species remain to 
be formally described (Meyer-Wachsmuth et al. 
2014; Jondelius & Jondelius 2020). Italy has been 
comparatively well studied, and a total of 9 species 
has been reported (http://acoela.myspecies.info/en). 
Contrary to most areas of the world, nemertoderma-
tids in Italy may be common in suitable habitats 
(medium-coarse, clean sand) (U.J. & M.C.G., 
pers. obs.).

The distribution of described species of 
Acoelomorpha in the Italian biogeographical sectors 
is given in Figure 1(a). Occurrence of most species 
of Acoela appears limited to a single sector, with 
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very limited overlap among sectors. Moreover, even 
distribution of species within single sectors may not 
be homogenous. In particular, within sector 2, rela-
tively close-by areas such as Southern Tuscany and 
Northern Sardinia have only 13% of the species in 
common (U.J., own data). Available information 
does not allow discerning whether this patchy dis-
tribution is due to unrepresentative sampling, or 
indeed reflects restricted species ranges. In any 
case, present knowledge of composition and distri-
bution of Acoela in Italian waters has to be consid-
ered particularly poor.

Platyhelminthes

The vast majority of marine free-living 
Platyhelminthes pertain to the meiofauna size class, 
with the only exceptions of most Polycladida and few 
representatives of Tricladida Maricola (Cannon 
1986). Apart from some members of 
Prolecithophora and Rhabdocoela, which may occur 
preferentially or exclusively in epibenthic habitats, 
such as the periphyton, all other taxa are almost exclu-
sively found interstitially, and are among the dominant 
meiofaunal groups, both in terms of biomass and spe-
cies number, in sandy and brackish-water habitats 
(Martens & Schockaert 1986; Fonseca et al. 2010). 
About 2700 species of free-living marine flatworms 
have been described worldwide, and this figure may 
represent less than one-tenth of the existing species 
(Appeltans et al. 2012). Of these, about 1700 
described species are meiofaunal and marine (Smith 
et al. 2020). So far, 235 species of meiofaunal 
Platyhelminthes have been reported for the Italian 

coasts (Tyler et al. 2006–2018, MCG, own data). 
However, only a fraction of the coastline has been 
sampled for most major taxa, and this number may 
represent just a fraction of the actual diversity of the 
group in Italy. It is noteworthy that a number of spe-
cies have been reported from the Croatian coast 
(Rovinj), and may also occur in the Gulf of Trieste. 
Exemplary of the poor knowledge on most platyhel-
minth taxa is the case of Prolecithophora, with 30 
Italian species, found during past research in the 
Gulf of Naples (Riedl 1954, 1959) and in Northern 
Adriatic (mainly von Graff 1891), with no recent stu-
dies on the taxon whatsoever. Similarly, knowledge on 
Rhabdocoela – the most diverse and species-rich taxon 
of free-living Platyhelminthes, with at least 1000 mar-
ine species described worldwide (Tyler et al. 
2006–2018), and which counts 97 marine species 
reported for Italy (Figure 2(f,g)) – is mostly based on 
material collected by the leading taxonomic expert of 
the group (T.A.) during workshops held in Sardinia, 
whereas most previous records date back especially to 
von Graff (1891). However, the actual number of 
rhabdocoels that occur along the Italian coasts is prob-
ably at least an order of magnitude higher, as each 
sampling campaign in the recent past yielded a high 
number of species new for Italy, or even new to science 
(Curini-Galletti et al. 2012; T.A. unpublished data). 
Even unexpected areas, such as the channels in the 
middle of the city of Venice, can harbour species of 
rhabdocoels new to science (Artois et al. 2013), and 
several new species await formal description, including 
members of the peculiar genera Lurus Marcus, 1950, 
Dalythyphloplanida with complex statocyst, and 
Bertiliella Rieger & Sterrer, 1975 (Kalyptorhynchia), 

Figure 1. Composition of soft-bodied meiofaunal phyla (a) and major platyhelminth orders (b) in the nine biogeographical sectors of the 
Italian seas (see text for details). The size of the pie charts is related to the number of species in the areas.
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Figure 2. Representatives of Italian soft-bodied meiofauna. (a): Halammohydra cf schulzei Remane, 1927 (Cnidaria,), Meloria Shoals, 
Tuscany. (b, c): Acoelomorpha ((b): Mecynostomum filiferum Ax, 1963 (Acoela), Asinara Is., Sardinia); (c): Sterreria rubra (Faubel, 1976) 
(Nemertodermatida), Castiglione della Pescaia, Tuscany. (d, e): Gastrotricha ((d): Halichaetonotus aculifer (Gerlach 1953), Siracusa, 
Sicily; (e): Acanthodasys aculeatus Remane, 1927, Castiglione della Pescaia, Tuscany) (f-h): Platyhelminthes ((f): Ceratopera gracilis (von 
Graff 1891) (Rhabdocoela), Asinara Is., Sardinia; (g): Progyrator mamertinus (Graff, 1874) (Rhabdocoela), Asinara Is., Sardinia; 
Parotoplana procerostyla Ax, 1956 (Proseriata), Arbatax, Sardinia). (i, j): Annelida ((i): Psammodrilus curinigallettii Worsaae et al. 2015, 
Budelli Is., Sardinia; (j): Leptonerilla n. sp., Nereo Cave, Sardinia). (k): Tubiluchus troglodytes Todaro & Shirley, 2003 (Priapulida), il Ciolo 
Cave, Apulia. Scale bar: (a, j, k) = 250 μm; (b, c, e-i) = 100 μm; (d): 25 μm.
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with a calcareous “skeleton” (see Rieger & Sterrer 
1975) (W.S., pers. comm.). The 17 species of marine 
Macrostomorpha reported for Italy largely derive from 
research in limited areas of Tyrrhenian and Ligurian 
seas, and in Northern Adriatic (Rieger 1971; Janssen 
et al. 2015, and references therein). One of the 
Adriatic species, Macrostomum lignano Ladurner 
et al., 2005, only known from the lagoon of Grado 
(Ladurner et al. 2005), is easily kept in culture and has 
received particular attention, as a model species in 
research fields ranging from stem-cell biology, repro-
duction, ageing, and chromosome evolution (Mouton 
et al. 2018).

Proseriata (Figure 2(h)) is the second most 
diverse taxon of interstitial Platyhelminthes, and 
usually outnumbers any other flatworm group in 
term of number of individuals, especially in clean, 
medium to coarse-sand (Curini-Galletti 2001). 
Proseriata may be so abundant in the swash zone 
of exposed beaches that they characterise the entire 
interstitial community, known, after the dominant 
genus in the Mediterranean, as the “Otoplana- 
zone” (Remane 1933; Brown & McLachlan 
2006). It is somehow paradoxical that, while the 
term is used worldwide, the genus Otoplana is ende-
mic to the Mediterranean-Lusitanian Region 
(Scarpa et al. 2017). Of the about 430 species of 
Proseriata known worldwide, 93 have been 
reported from Italy (Tyler et al. 2006–2018). 
However, there is a high number of new species 
(over 130) that still awaits formal description (M. 
C.G, unpubl data). Proseriates are large for meio-
faunal organisms, particularly sticky, and without 
any means for dispersal (Curini-Galletti 2001). 
These biological traits have in many instances 
resulted in complexes of species with restricted 
ranges, parapatrically distributed along the Italian 
coastline (Martens & Curini-Galletti 1994; Delogu 
& Curini-Galletti 2009; Casu et al. 2014). Extreme 
at this regard is the case of five species of the genus 
Otoplana Du Plessis, 1889, which occur in a narrow 
stretch of coast in the Ligurian Sea (Meini 2013). 
The taxonomy of the genus, however, needs 
a thorough revision with the contribution of mole-
cular data, in order to evaluate the extent of inter- 
populational variability (Scarpa et al. 2017). A few 
species of Proseriata seem to present extremely 
restricted ranges. Monocelis exquisita Curini- 
Galletti & Casu, 2016, the sister taxon of boreal, 
Northern Atlantic Monocelis fusca Örsted, 1843, 
was found in a single brackish-water lagoon in 
Sardinia, and, notwithstanding extensive research 
in similar habitats, so far has not been found else-
where (Scarpa et al. 2016). Similarly, two large and 

comparatively very obvious species are known from 
their type locality only. Meidiama etrusca Curini- 
Galletti, Casu & Scarpa, 2017, the only representa-
tive known of the genus Meidiama outside South 
America, has been found in one single spot in 
Tuscany (Scarpa et al. 2017); Digenobothrium 
inerme Palombi, 1926, a distinctive member of 
Calviriidae, whose closest relatives are species of 
Diskeria Schockaert, Curini-Galletti, De Ridder & 
Artois, 2011 from Southern Hemisphere 
(Tasmania and Kerguelen), appears limited to the 
Strait of Messina (Palombi 1926). Finally, an 
important area of endemism for proseriates, and 
possibly for other meiofaunal taxa, is the Northern 
Adriatic Sea, where numerous species not found 
elsewhere occur, only partly published so far 
(Meixner 1943, M.C.G. unpubl. data).

Other taxa (Catenulida, Gnosonesimida, 
Tricladida, Polycladida) have few representatives in 
marine meiofauna. Marine Catenulida 
(Retronectidae) have been reported so far from 
only a few localities worldwide (Sterrer & Rieger 
1974), including the Ligurian coast. Interstitial 
Polycladida – a taxon best known for its macro-
benthic representatives – mainly occur in tropical 
areas, and are represented in Italy by a single spe-
cies, Theama mediterranea Curini-Galletti et al., 
2008. This is one of the largest mesopsammic 
organisms, over 2 cm long, filiform in shape, widely 
distributed in almost any locality sampled in the 
Mediterranean and adjacent Atlantic, in suitable 
habitats (coarse clean sand), where it can be abun-
dant (Curini-Galletti et al. 2008). The fact that, 
notwithstanding its size and abundance, the species 
has only been described recently, may be taken as 
exemplary of the overall poor level of knowledge of 
meiofauna.

The distribution map of described species in the 
nine Italian biogeographical sectors (Figure 1(b)) 
reveals a strong author’s bias, with the highest 
number of species, especially Proseriata and 
Rhabdocoela, reported from the most intensely stu-
died Sector 2. Conversely, most Adriatic species 
known belong to the Prolecithophora and 
Macrostomorpha. Knowledge of Sector 3 is mainly 
based on old records for the Gulf of Naples, with 
large, potentially highly diverse areas, such as 
Sicily, which have never been sampled. The same 
is true for Sector 6. Knowledge for the highly spe-
cies-rich Rhabdocoela is particularly spotty. It is 
therefore reasonable to conclude that the 235 spe-
cies of Platyhelminthes presently known may repre-
sent just a small fraction of the diversity of the 
group in Italy.
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Gastrotricha

Gastrotricha is a phylum of minute, acoelomate 
worms, phylogenetically allied with Platyhelminthes, 
with which they form the clade Rouphozoa, nested 
within the bilaterian Spiralia (Egger et al. 2015). Of 
the about 860 gastrotrich species known to date, 510 
species have been described from marine ecosystems; 
these marine taxa are distributed in 46 genera and 14 
families within the two recognised orders 
Macrodasyida and Chaetonotida (Todaro et al. 
2019a; WoRMS, 2020). Many of these species are 
from the coast of the Mediterranean Sea, and of Italy 
in particular (Todaro & Shirley 2003). In this regard, 
the Italian coastline is the best-known long coastline 
worldwide, with 164 nominal species of marine 
Gastrotricha (101 Macrodasyida and 63 
Chaetonotida) recorded from over 250 investigated 
localities as of this writing (Hummon & Todaro 
2009; Todaro et al. 2001, 2008, 2019b; Curini- 
Galletti et al. 2012; Martínez et al., 2020). Beside 
hosting 32% of all known marine gastrotrich species, 
the Italian waters house 76% (N = 35) of the marine 
genera and 71% (N = 10) of the marine families 
known to date from all over the world. Currently, 60 
species and one genus (Dendropodola Hummon, 
Todaro & Tongiorgi, 1993) are considered endemic 
to Italy. For completeness, it is worth mentioning that 
at least 25–30 species and one genus found along the 
Italian coasts during the last two decades are still wait-
ing to the be described (M.A.T., unpubl. data). Most 
records of Italian marine Gastrotricha come from the 
western seas, and the Tyrrhenian Sea in particular, 
where the microhabitat preferred by Gastrotricha 
(e.g., crystalline water and sublittoral medium to fine 
sand, especially if organogenous) is particularly well 
represented. About 140 species have been recorded 
from over 160 investigated localities along coasts of 
the Ligurian and Tyrrhenian Seas. The highest num-
ber of species has been recorded from area 2 
(N = 105), followed by area 3 (N = 97) and area 1 
(N = 81), all of which are on the western Italian shores. 
A single species has been documented from the micro- 
sector 4, while 31 species have been found in the 
relatively restricted area 5, which, however, includes 
the highly diverse island of Lampedusa. The Jonian 
Sector 6 hosts 58 species, similarly to the Adriatic 
Sectors 8 and 9 (59 and 60 species, respectively). It 
should be highlighted that most records of the Ionian 
area 6 come from Apulian localities, whereas 
Basilicata and Calabria coasts have been poorly inves-
tigated. Most of the species found in area 8 have been 
recorded from the Gargano and Tremiti islands, 
whereas most species from the upper Adriatic Sea, 
area 9, have been recorded in spotty locations along 

the coasts of Veneto and Friuli Venezia Giulia regions 
(e.g., Isola della Cona, at the mouth of the Isonzo 
river), being the coastal sediment of this sector, and 
in particular of Emilia-Romagna and part of the 
Marche coast, made up of fine to very fine sand, and 
consequently not suitable for most gastrotrich species.

While some species seem restricted to one or 
two biogeographic sectors, most others exhibit a wide 
geographic range along the Italian coastline, with five 
Macrodasyida and five Chaetonotida having 
been recorded in all the biogeographic areas, except 
micro-sector 4; among these are the macrodasyidan 
Acanthodasys aculeatus Remane, 1927 (Macrodasyida, 
Thaumastodermatidae) and the chaetonotidan 
Halichaetonotus aculifer (Gerlach 1953) the most fre-
quently sampled species (Figure 2(d)). 
Notwithstanding the relatively high number of marine 
gastrotrich species found along the Italian coast and the 
high number of investigated localities, there are indica-
tions that a comprehensive knowledge of the Italian 
gastrotrich fauna is not completed. Future research 
should focus primarily on portion of the coastline 
poorly of never investigated (e.g., the Tyrrhenian and 
Ionian cost of Calabria) and on deeper sandy sediments 
(e.g., below 10 m depth).

Rotifera

All rotifers (Bdelloidea, Monogononta, and Seisonacea, 
with the exclusion of Acanthocephala) belong to meio-
fauna as they are minute in size, usually between 0.05 
and 1 mm (Fontaneto & De Smet 2015); some species 
can be found in the meiobenthos, others in the zoo-
plankton, and also as epibionts or in the periphyton 
(Wallace et al. 2006). They are mostly freshwater and 
limno-terrestrial organisms, but several species can be 
found in haline habitats: out of more than 2000 known 
rotifer species, about 450 have been found in marine 
waters (Fontaneto et al. 2006; Leasi & De Smet 2020). 
Of these, 90 are known to occur along the Italian coasts, 
including seven bdelloids, 81 monogononts, and two 
seisonaceans (De Smet et al. 2015). Some of the species 
found in Italy have been previously reported from other 
continents as cosmopolitan, such as members of the 
Brachionus plicatilis Muller, 1786 species complex 
(Mills et al. 2017), Colurella colurus (Ehrenberg, 1830), 
Proales similis de Beauchamp, 1907, and Synchaeta ceci-
lia Rousselet, 1902; other species seem to have a much 
narrower distribution, being known only from the type 
locality, such as Lecane insulaconae Fontaneto, Segers & 
Melone, 2008 or Lindia aequorea De Smet, 2015. Some 
species seem to be very common and abundant in some 
areas and rare or absent in others, such as Rotaria laticeps 
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Wulfert, 1942 commonly occurring in any marine habi-
tat in the Northern Adriatic but rare elsewhere.

The richest areas in the Italian coasts are the 
Tyrrhenian (area 2) and the Northern Adriatic 
(area 9), with more than 60 species each. Yet, no 
inference can be considered reliable on rotifer distri-
bution, given the extremely small number of faunistic 
studies in marine habitats. This is a common and 
known problem in rotifer biodiversity, for which the 
known species richness of a region is a function of 
sampling effort and not of biological reality 
(Fontaneto et al. 2012). Only a fraction of the coast-
line has ever been sampled, and the number of known 
species, as well as their records, surely represents just 
a fraction of the actual diversity of the group in Italy.

Annelida

Annelida include more than 17,000 described spe-
cies, exhibiting a vast morphological disparity and 
ecological ubiquity (Weigert & Bleidorn 2016). 
Meiofaunal forms are common and spread across 
the annelid tree, represented by more than 400 spe-
cies classified into 25 families (Worsaae 2020). While 
most of these families include both macrofaunal and 
meiofaunal representatives, 11 of them are consid-
ered as entirely meiofaunal (Worsaae 2020). 
Members of these entirely meiofaunal families typi-
cally consist of small and comparatively simple forms, 
grouped in three main lineages: Psammodrilidae, 
basally branching; Protodriliformia, sister to the 
remaining Errantia; and meiofaunal Orbinida, nested 
within Sedentaria (Laumer et al. 2015; Struck et al. 
2015). A total of nine exclusively meiofaunal families 
have been reported from Italy, accounting for 44 
species. This high diversity is linked to a historically 
intense sampling effort, which already started in the 
XIX century and continues nowadays, favoured by 
the presence of important Marine Biological Stations 
in the country. Notably, Italy hosts the type locality 
of one family (Hatschek 1888) and 11 nominal spe-
cies, most of them described around the Zoological 
Station “Anton Dohrn” in Naples. Indeed, most 
Italian species are known from Sector 3 (25 species), 
where the Zoological Station is located, and from 
Sector 2 (22 species), where workshops on meiofauna 
have been organised (Curini-Galletti et al. 2012; 
Martínez et al. 2020). In contrast, southern Italy 
and most of the Italian Adriatic coast remain unex-
plored to this day.

Nerillidae is the most species-rich family in Italy 
with 16 species, including 4 unequivocally new, still 
undescribed species (Martínez and Worsaae, unpubl. 
data). Nerillids are commonly found subtidally in 

coarse or medium well-sorted sediments. Mesonerilla 
intermedia Wilke, 1953 and Nerillidium mediterraneum 
Remane, 1928 are the most common species, 
recorded from Sardinia, Tuscany, Campania, and 
Sicily, typically in coarse sandy patches amongst 
rocks or in Posidonia oceanica meadows (Worsaae 
et al. 2015, 2019). Nerillia antennata O. Schmidt, 
1848 is also widely distributed, but prefers coarse or 
gravelly sediments often along the high-tide (Gelder 
1974). In contrast, the four undescribed nerillids, 
belonging to the genera Leptonerilla Westheide & 
Günter, 1996 (Figure 2(j)), Micronerilla Jouin, 1970, 
and Trochonerilla Tzetlin & Saphonov, 1992, are 
exclusively known from single marine caves in Capo 
Caccia (Sardinia) and around Salerno (Curini-Galletti 
et al. 2012). The mud-specialised Paranerilla limicola 
Jouin & Swedmark, 1965 has been recorded at a depth 
of 25 m in the Northern Adriatic (Sterrer 1968).

Protodrilidae is a very diverse family as well, with 
14 species recorded in Italy (Martínez et al. 2019). 
The family has been originally described based on 
specimens found near Messina (Hatschek 1888). 
Most of the early studies on Protodrilidae rely on 
the work of Piero Pierantoni from the Zoological 
Station “Anton Dohrn”, who described five new 
species (three of them considered as valid) and per-
formed very detailed studies on the morphology and 
development of the group (Pierantoni 1906, 1907, 
1908). Amongst the Italian protodrilids, Claudrilus 
hypoleucus (Armenante, 1903) is the most ubiqui-
tous, and it has been found in nearly every published 
survey of the Italian interstitial fauna (e.g., 
Pierantoni 1908; Boaden 1965; Magagnini 1980; 
Curini-Galletti et al. 2012; Martínez et al. 2015), 
although it seems to prefer coarse sediments ranging 
from 2 to 20 m depth. In contrast, Lindrilus flavoca-
pitatus (Uljanin, 1877) and the three species of 
Meiodrilus Martínez et al., 2015, are more common 
in sandy beaches (Martínez et al. 2019). Lindrilus 
flavocapitatus has been exclusively found in the 
upper layers of exposed gravelly areas at the swash 
zone, while Meiodrilus species are more common in 
medium to coarse sediments, where they tend to 
penetrate deeper in the sediments to avoid wave 
disturbance. The species of Protodrilus Hatschek, 
1882 and Megadrilus Martínez et al., (2015) are 
very common in subtidal shell gravel, with a single 
record of Megadrilus schneideri (Langerhans, 1881) 
in a marine cave (Curini-Galletti et al. 2012).

Saccocirridae is represented by four species. Species 
of the genus Saccocirrus Bobretzky, 1871 are an impor-
tant component of the interstitial communities in many 
exposed marine environments such as sandy beaches, 
where they feed on suspended particles drifting along 
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with the sand grains moved by the wave action (Di 
Domenico et al. 2014a). They are non-selective feeders, 
and they have even been found with ingested microfiber 
particles in several beaches of the world, including those 
at the Asinara National Park (Gusmão et al. 2016). 
Three species are found in Italy, exhibiting a strong 
variation in size, which has been correlated to different 
habitat preferences in terms of grain size, with S. parvus 
Gerlach, 1953 in medium sand, S. papillocercus 
Bobretzky, 1871 in coarse sand, and the (compara-
tively) enormous Saccocirrus major Pierantoni, 1907 
amongst pebbles in Naples and Tuscany (Pierantoni 
1907). In contrast, species of Pharyngocirrus prefer pro-
tected subtidal environments (Di Domenico et al. 
2014b). They are represented in Italy by 
Pharyngocirrus goodrichi Jouin-Toulmond & Gambi, 
2007, which is exclusively known from subtidal shell 
gravel in the Gulf of Naples (Jouin-Toulmond & Gambi 
2007). This ecological segregation between species of 
Saccocirrus and Pharyngocirrus has been found in other 
regions of the world, such as Brazil or the Canary 
Islands (Di Domenico et al. 2019).

The remaining families are less diverse. 
Psammodrilidae is represented by Psammodrilus curini-
gallettii Worsaae et al., (2015) (Figure 2(i)) and 
Psammodrilus didomenicoi Worsaae & Martínez, 2018, 
respectively, described from Sardinia and Campania 
(Worsaae et al. 2015, 2018). Diurodrilidae is also repre-
sented by two species, Diurodrilus benazzi Gerlach, 1952 
and D. dohrni Gerlach, 1953, both originally described 
from Italy, but while D. benazzi has been found in sandy 
beaches near Pisa, D. dohrni is exclusively known 
from subtidal areas of the Gulf of Naples (Gerlach 
1952, 1953). Dinophilidae is only known for 
Dimorphodrilus gyrociliatus (O.Schmidt, 1857), 
described from the Gulf of Naples and thereafter 
recorded in Liguria and Ravenna, in sediments with 
algae at the swash-zone. Finally, an unidentified speci-
men of the elusive family Lobatocerebridae has been 
reported from Elba Island (Tuscany) (Kerbl et al. 
2015).

Although the pioneering studies of the last century 
and the descriptions of several interstitial annelid spe-
cies date more than 100 years ago, recent surveys per-
formed in the Gulf of Naples allowed the recovery of the 
species described by Pierantoni, in the same type local-
ities. Other species, possibly new to science, were also 
found (A. M. & M.D.D., unpubl. data). Despite the 
time gap since Pierantoni studies, the interstitial envir-
onment in Naples, even intensely modified over the last 
century as it is, still provides the potential for studies on 
systematics, evolution, and the ecology of meiofaunal 
annelids.

Gnathostomulida

The phylogenetic position of Gnathostomulida has 
long been enigmatic (Sterrer et al. 1985). First 
described as an order of primitive turbellarians (Ax 
1956), they were later recognised as a separate phy-
lum, with debated phylogenetic affinities (Riedl 
1969). Nowadays, they appear firmly nested within 
Gnathifera, which also includes Rotifera and 
Micrognathozoa (Kristensen & Funch 2000), and 
possibly Chaetognatha (Fröbius & Funch 2017).

Gnathostomulida is a small phylum, with exclu-
sively meiobenthic representatives. There are about 
25 genera and 101 species known globally (Sørensen 
& Sterrer 2020). The group, however, is severely 
understudied, and the finding of new species may 
be expected, especially in the peculiar habitat where 
many Gnathostomulida thrive, the thiobenthos, 
under anoxic conditions (Sørensen & Sterrer 
2020). Furthermore, given the presence of similar 
morphotypes worldwide, the occurrence of cryptic 
species in the group is highly suspected. Indeed, 
Gnathostomulida is one of the taxa on which the 
hypothesis of morphological stasis of meiofaunal 
organism, possibly resulting from stabilising selec-
tion on morphotypes due to the constraints of the 
interstitial environment, was largely based (see 
Sterrer 1973). The phylum is poorly represented in 
the Mediterranean, with 11 species described for the 
whole basin. Of these, nine have been found in Italy, 
mostly from sectors 2 and 9, where research has 
been more intensive – however, seven additional 
species still await formal description (W.S., unpubl. 
data).

Other Phyla

A number of predominantly macrobenthic phyla 
have representatives in the soft-bodied meiofauna. 
However, the meiofaunal component in these phyla 
is reduced to very few species. This is the case of 
Cnidaria, with more than 12000 species currently 
known, and only about 25 interstitial species 
described worldwide (Schmidt-Rhaesa et al. 2020). 
Seven species of Cnidaria belong to the Italian 
fauna, pertaining to the genera Otohydra Swedmark 
& Teissier, 1958, Halammohydra Remane, 1927, 
Psammohydra Schulz, 1950, Siphonohydra Slawini- 
Plawen, 1966, Armorhydra Swedmark & Teissier, 
1958 (Hydrozoa), and Stylocoronella Salwini- 
Plawen, 1966 (Staurozoa) (Bouillon et al. 2004; 
Avian 2008; Schmidt-Rhaesa et al. 2020). 
Members of the genus Halammohydra (Figure 2 
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(a)), in particular, may be occasionally common in 
coarse sand, where they are actively preyed by mem-
bers of the platyhelminth genus Archimonocelis 
(Karling 1966). Among Chaetognatha, the largely 
benthic genus Spadella Langerhans, 1880 has few 
very small species that belong to the meiofauna. 
Recently, a meiobenthic Spadella (S. interstitialis 
Kapp & Giere 2005) has been described from Elba 
Is. (Kapp & Giere 2005). Furthermore, Spadella 
ledoyeri Casanova, 1986, found interstitially in 
a few marine caves close to Marseille (France) 
(Casanova et al. 2006), may be present in Italian 
waters. Indeed, the presence of undetermined, inter-
stitial specimens of Spadella in Italian caves has been 
noticed on several occasions (M.C.G.; MA.T., pers. 
obs.), but never formally reported, and the group is 
a common component of the meiobenthos of other 
caves around the world (Gerovasileiou et al. 2016). 
Similarly, Ascidiacea has a number of miniaturised, 
free-living members, crawling among sand grains, 
mainly pertaining to the genera Heterostigma 
Ärnbäck-Christie-Linde, 1924, Psammostyela 
Weinstein, 1961, Polycarpa Heller, 1877, and occur-
ring in European waters, but none of them has been 
so far reported (or accurately searched) in Italy 
(Brunetti & Mastrototaro 2017). Priapulida, 
Ecdysozoan that may be nonetheless considered 
among the soft-bodied taxa, comprises two truly 
meiofaunal species in Italy: the cave-dwelling 
Tubiluchus troglodytes Todaro e Shirley, 2003 
(Figure 2(k)), and Maccabeus tentaculatus Por, 
1973 (Todaro & Shirley 2003; Todaro et al. 2020).

Two phyla, however, deserve special mention. 
Nemertea, with more than 1300 species known, dis-
plays by far the widest size span of any animal 
phylum, ranging from about 1 mm to more than 
50 m (Strand & Sundberg 2010). About 50 meio-
faunal-sized species are known worldwide, occurring 
interstitially in coarse-sand sediments. All are pre-
dators on other meiofauna, though at least some 
littoral forms can be collected by baiting with fresh 
fish meat (Andrade et al. 2011). While there are 
many nemertean species that qualify as meiofaunal 
in size as adults, most of these are not tightly asso-
ciated with sediments. The most characteristic inter-
stitial nemerteans belong to the statocyst-bearing 
genus Ototyphlonemertes Diesing, 1863, with at least 
33 nominal species known worldwide (Norenburg 
et al. 2020). Interstitial nemerteans have been 
assumed to have direct or lecithotrophic develop-
ment; in both instances, planktonic dispersal may 
be present (Norenburg & Stricker 2002). 
A presumed short (few days) planktonic direct- 
developing larva is known for only two species of 

Ototyphlonemertes but presumed as likely present in 
the remaining species (J.L.N., pers. obs.). The large 
number of discrete but difficult to diagnose morpho-
types (about 90, mostly from the northern hemi-
sphere (J.L.N., own unpubl. obs.)) recognised 
within the genus Ototyphlonemertes is highly sugges-
tive of the presence of cryptic species, which has 
been corroborated by molecular study, with some 
genetically defined species having very wide distri-
butions (up to 9000 Km) whereas others appear 
quite restricted, with one strong connection between 
the Canary Islands and areas of the Mediterranean 
(Leasi et al. 2016). Seven species of meiofaunal 
Nemertea have been reported so far for Italy, 
belonging to the genera Cephalothrix Oersted, 1843 
(two species) and Ototyphlonemertes (five species) 
(J.L.N., own unpubl. data). Members of 
Ototyphlonemertes can be very abundant in coarse, 
intertidal sand (J.L.N.; M.C.G., pers. obs.). 
Ototyphlonemertes commonly co-occur with proseri-
ates and annelids that favour coarse intertidal and 
subtidal sediments and shell hash but these habitats 
are effectively unsampled in Italy with respect to 
Nemertea, with the only exception of Sardinia’s 
northern coast (J.L.N., M.C.G., own unpubl. 
obs.). Interstitial cephalothricids almost always 
occur in subtidal coarse sediments and are rarely 
abundant (J.L.N., own unpubl. obs.). The Gulf of 
Naples is the type locality for five species 
(Cephalothrix bipunctata Bürger, 1892, C. buergeri 
Wijnhoff, 1913 Ototyphlonemertes brunnea Bürger, 
1895, O. duplex Bürger, 1895, O. macintoshi 
Bürger, 1895), resulting mostly from Bürger’s pro-
lific work as a guest researcher at the Zoological 
Station “Anton Dohrn”. Surprisingly, whereas 
Ototyphlonemertes cf. duplex and O. cf. pallida have 
been found at multiple sites on the Sardinian coast, 
O. macintoshi has not been found there despite being 
relatively common along the French Mediterranean 
coast (J.L.N., own unpubl. obs.). In the wake of 
a molecular reassessment of the taxonomy of the 
interstitial nemerteans, the finding of specimens of 
nominal species in their type locality – if still exist-
ing – may be crucial for the taxonomic resolution of 
species-complexes. Increasing sampling along the 
Italian coasts will undoubtedly yield many addi-
tional meiofaunal non-Ototyphlonemertes Nemertea 
species but most will be rare, as is evidenced else-
where in the world (J.L.N., own unpubl. obs.).

Mollusca is the most species-rich phylum in the 
marine environment, but similarly to Nemertea is 
largely macrofaunal. While some bivalves 
are minute in size, representatives of soft-bodied 
meiofaunal organisms may be found among 
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Gastropoda, and aplacophoran Solenogastres and 
Caudofoveata. The two latter are worm-shaped 
molluscs, lacking a shell but bearing a cuticle 
with layers of different types of sclerites (scales 
and spicules). Most of the approximately 300 
species of Solenogastres and 125 species of 
Caudofoveata worldwide occur in the deep sea 
(i.e., beyond the 200 m shelf area) and many 
are meiofaunal in size, ranging between 1 and 
4 mm (Bergmeier & Jörger 2020). Some 
Solenogastres live epizooic on their cnidarian 
prey, others inhabit the interstices among sandy 
sediments. Representatives of Caudofoveata bur-
row in soft and muddy sediments. Knowledge of 
the Italian solenogaster fauna is scarce and largely 
focused on epibenthic species, which usually 
exceed a body size of 10 mm. Of the 15 species 
of Solenogastres known from Italian waters 
(Salvini-Plawen 2008a), mostly from the Gulf of 
Naples, only three species (simrothiellid 
Kruppomenia minima Nierstrasz, 1903 and lepido-
miniid Tegulaherpia stimulosa Salvini-Plawen, 
1983 and Tegulaherpia myodoryata Salvini- 
Plawen, 1988) do not exceed 3 mm in size and 
are traditionally recognised as meiofauna. Among 
Caudofoveata, only species within the family 
Prochaetodermatidae are known to belong to the 
permanent meiofauna. Of the six known species 
of Caudofoveata in Italian waters (Salvini-Plawen 
2008b), three prochaetodermatids are reported: 
Prochaetoderma alleni (Scheltema & Ivanov 
2000), P. boucheti Scheltema & Ivanov, 2000 
and P. raduliferum (Kowalevsky, 1901). All these 
meiofaunal prochaetodermatids show broad dis-
tribution ranges through the Mediterranean and 
partially large bathymetric ranges (i.e., 50– 
2600 m in P. alleni, see Scheltema & Ivanov 
2000). Among gastropods, numerous taxa are 
sufficiently small to be identified as meiofaunal. 
In the context of this paper, we only consider the 
shell-less, properly “soft-bodied” representatives, 
which show a series of convergent adaptation to 
the interstitial life, previously termed as “meio-
fauna syndrome”, e.g., vermiform body, reduc-
tion of appendages and colouration, presence of 
adhesive mechanisms, and, often of spiculae 
(Jörger et al. 2020). Representatives of meiofau-
nal slugs in Italian waters are known among the 
Acochlidimorpha, Sacoglossa, Cephalaspidea, 
Nudibranchia and the still enigmatic 
Rhodopemorpha. The most common meiofaunal 
slugs in shallow-water, coarse sediments of the 
Mediterranean are the acochlidimorphs 
Pontohedyle milaschewitchii (Kowalevsky, 1901), 

Microhedyle glandulifera (Kowalevsky, 1901) and 
Hedylopsis spiculifera (Kowalevsky, 1901) with 
wide distribution ranges along the European 
coastline. Two additional species of acochlidi-
morphs are known from Italy (Parhedyle cryp-
tophthalma (Westheide & Wawra, 1974) and 
Asperspina rhopalotecta (Salvini-Plawen, 1973)) 
but are comparably rare; a sixth acochlidimorph 
species should occur along the Italian coastline, 
based on its reported distribution range: 
Parhedyle tyrtowii (Kowalevsky, 1901) (see Eder 
et al. 2011). Sacoglossan Platyhedyle denudata 
Salvini-Plawen, 1973, as well as the cephalaspi-
dean Philinoglossa praelongata Salvini-Plawen, 
1973 and Abavopsis latosoleata (Salvini-Plawen, 
1973) are also described from Italian waters and 
probably distributed throughout the 
Mediterranean. Among the enigmatic rhodope-
morphs, which have puzzled zoologists for nearly 
a century until their systematic placement could 
be settled among gastropods, Rhodope veranii 
Kölliker, 1847 is described from Italy and at 
least three undescribed species of Helminthope 
Salvini-Plawen, 1991 and Rhodope Koelliker, 
1847 occur in the Mediterranean (K.J., own 
unpubl. data). Among Nudibranchia, only two 
families, Embletoniidae and Pseudovermidae, 
have (permanently) meiofaunal representatives, 
with one species of Embletonia Alder & 
Hancock, 1851 which probably lives epibenthic 
on shell gravel, and four species of Pseudovermis 
Perejaslavtzeva, 1891 (all truly mesopsammic) 
known from Italy (Cattaneo-Vietti & Giovine 
2008).

Concluding remarks

With 638 described species, and more than 250 addi-
tional species known to be present, but yet awaiting 
formal description, the contribution of soft-bodied 
taxa of interstitial meiofauna to Italian marine biodi-
versity appears relevant. The scenario is however 
strongly uneven. Knowledge of some taxa, such as 
Annelida, Gastrotricha, and Rotifera appears particu-
larly detailed, placing Italy among the best-known 
countries worldwide. By no means, however, does 
this imply that further species additions should not 
be expected, since only parts of the Italian coastline 
have been sampled, and mostly in littoral to shallow 
sublittoral habitats. In sharp contrast is the situation in 
other large, particularly species-rich groups, notably 
Platyhelminthes, where knowledge appears patchy, 
strongly limited to few sampled areas, and, especially 
for some taxa of Platyhelminthes, suffering for lack of 
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recent research. Therefore, the census of most groups 
of meiofauna in Italian waters should be considered far 
from being complete. Furthermore, distribution of 
species in the nine biogeographical sectors is particu-
larly uneven and clearly reflects both the size of the 
sectors and the efforts of sampling done, with the 
largest and more thoroughly sampled Sectors 2 and 3 
by far richer than the others (Figure 1(a)). By contrast, 
Sector 6, which includes most of the Ionian Sea, 
appears severely under-sampled, and the number of 
species known is taken as not representative of the 
potential diversity of the area. This may also apply to 
the similarly under-sampled Sectors 7 and 8. Sector 5 
includes the extreme South-Eastern corner of Sicily, 
and the Pelagie islands, a highly biodiverse area, but 
whose knowledge is so far limited to Gastrotricha and 
Proseriata. The potentially interesting Sector 4 also 
appears to be poorly investigated.

The results also highlight the role that Marine 
Biological Stations played, especially in the past. 
Most records from Sector 3 in fact derive from 
research performed at the Zoological Station “Anton 
Dohrn” in Naples, which, for a time, was among the 
major marine research centres, attracting researchers 
from around the world for its position and facilities. It 
is interesting to note that most of the reports from 
Naples date up to the ‘50 s of last century, reflecting 
either a subsequent availability of Marine Biological 
Stations elsewhere in the world, and a change of atti-
tude towards taxonomic studies at the Zoological 
Station itself. Similarly, data from Sector 4, a micro- 
sector limited to the Strait of Messina, which presents 
unique ecological conditions (Bianchi 2004), derive 
from researchers who, in the past, have worked there, 
then at the forefront of the zoological interest for the 
frequent stranding of deep-water organisms in the area 
(Genovese et al. 1971). Indeed, the remarkable platy-
helminth Digenobothrium inerme was first picked by 
ichthyologists, as it was feeding on abyssal fish 
stranded on the beach (Palombi 1926).

Given the lack of deposited holotypes, or, if present, 
their limited usefulness (see Garraffoni & Freitas 2017), 
the finding of these species in their type localities would 
offer precious details on morphology, not included in 
the original descriptions, as well as the possibility to 
place these species into the framework of molecular 
phylogenies. In this regard, it is comforting to note 
that in the Gulf of Naples, possibly the area in Italy 
with the highest number of type localities for marine 
species, sandy-shore habitats still maintain the original 
interstitial annelid fauna (see above), raising hopes for 
the rest of meiofauna.

Finally, it should be mentioned that the authors of the 
present paper include retired and close-to- retirement 

researchers. In the wake of the crisis of taxonomy world-
wide (Costello et al. 2013), and the general obscurity 
and difficulties of the study of soft-bodied meiofauna, 
future recruitment in the field may be foreseen as lim-
ited at best, and the national and global census of the 
numerous species of these minute, inconspicuous taxa 
will take a long time to be completed, if ever.

Acknowledgements

The authors thank Directors and Staff of the 
National Parks ‘Arcipelago di La Maddalena’ and 
‘Isola dell’Asinara’ for allowing research, and offer-
ing financial and logistic support during the organi-
sation of workshops on meiofauna. Regione 
Autonoma Sardegna is thanked for giving permis-
sions to sample beach sediments, otherwise strictly 
forbidden regionally. The research has been partially 
funded by a FSC 2014-2020 grant “Patto per lo 
Sviluppo della Regione Sardegna” and LR7-2016 
“The Contribution of interstitial flatworms in mon-
itoring the effects of climate change”.

Finally, we thank the ‘Unione Zoologica Italiana’ 
(and especially Ettore Olmo) and ‘Comitato 
Scientifico per la Fauna d’Italia’ for their relentless 
efforts in promoting the knowledge of Italian 
biodiversity.

Disclosure statement

No potential conflict of interest was reported by the 
authors.

References

Andrade SCS, Norenburg JL, Solferini VN. 2011. Worms with-
out borders: Genetic diversity patterns in four Brazilian 
Ototyphlonemertes species (Nemertea, Hoplonemertea). 
Marine Biology 158(9):2109–2124. DOI: 10.1007/s00227- 
011-1718-3.

Appeltans W, Ahyong ST, Anderson G, Angel MV, Artois T, 
Bailly N, Bamber R, Barber A, Bartsch I, Berta A, Błazewicz- 
Paszkowycz M, Bock P, Boxshall G, Boyko CB, Brandão SN, 
Bray RA, Bruce NL, Cairns SD, Chan T-Y, Cheng L, 
Collins AG, Cribb T, Curini-Galletti M, Dahdouh- 
Guebas F, Davie PF, Dawson MN, De Clerck O, 
Decock W, De Grave S, de Voogd NJ, Domning DP, 
Emig CC, Erséus C, Eschmeyer W, Fauchald K, 
Fautin DG, Feist SW, Fransen CJM, Furuya H, Garcia- 
Alvarez O, Gerken S, Gibson D, Gittenberger A, Gofas S, 
Gómez-Daglio L, Gordon DP, Guiry MD, Hernandez F, 
Hoeksema BW, Hopcroft RR, Jaume D, Kirk P, Koedam N, 
Koenemann S, Kolb JB, Kristensen RM, Kroh A, Lambert G, 
Lazarus DB, Lemaitre R, Longshaw M, Lowry J, 
Macpherson E, Madin LP, Mah C, Mapstone G, 
McLaughlin PA, Mees J, Meland K, Messing CG, 
Mills CE, Molodtsova TN, Mooi R, Neuhaus B, Ng PL, 

380 M. Curini-Galletti et al.

https://doi.org/10.1007/s00227-011-1718-3
https://doi.org/10.1007/s00227-011-1718-3


Nielsen C, Norenburg J, Opresko DM, Osawa M, Paulay G, 
Perrin W, Pilger JF, Poore GB, Pugh P, Read GB, Reimer JD, 
Rius M, Rocha RM, Saiz-Salinas JI, Scarabino V, 
Schierwater B, Schmidt-Rhaesa A, Schnabel KE, Schotte M, 
Schuchert P, Schwabe E, Segers H, Self-Sullivan C, 
Shenkar N, Siegel V, Sterrer W, Stöhr S, Swalla B, 
Tasker ML, Thuesen EV, Timm T, Todaro MA, Turon X, 
Tyler S, Uetz P, van der Land J, Vanhoorne B, van 
Ofwegen LP, van Soest RM, Vanaverbeke J, Walker-Smith 
G, Walter TC, Warren A, Williams GC, Wilson SP, 
Costello MJ. 2012. The magnitude of global marine species 
diversity. Current Biology 22(23):2189–2202. DOI: 10.1016/ 
j.cub.2012.09.036.

Armonies W, Reise K. 2000. Faunal diversity across a sandy 
shore. Marine Ecology Progress Series 196:49–57. 
doi:10.3354/meps196049.

Artois T, Schockaert E, Beenaerts N, Reygel P. 2013. 
Trigonostomum vanmecheleni sp. nov., a new species of 
Trigonostomidae (Platyhelminthes, Rhabdocoela 
Dalytyphloplanida) from the channels of Venice (Italy), with 
a discussion on the T. lilliei species group. Italian Journal of 
Zoology 80(1):46–51. DOI: 10.1080/11250003.2012.754058.

Avian M. 2008. Scyphozoa. In: G. Relini (ed.). Checklist della 
flora e della fauna dei mari italiani (parte I). Biologia Marina 
Mediterranea 15(suppl.):67–69.

Ax P. 1956. Die Gnathostomulida, eine räselhafte Wurmgruppe 
aus dem Meeressand. Abhandlungen der Akademie der 
Wissenschaften und der Literatur in Mainz, Math.-Nat. Kl 
8:1–32.

Bergmeier FS, Jörger KM. 2020. Aplacophoran molluscs: 
Solenogastres and Caudofoveata. In: Schmidt-Rhaesa A, edi-
tor. Guide to the identification of Marine Meiofauna. 
Munich, Germany: F.Pfeil Publ. pp. 308–320.

Berline L, Rammou AM, Doglioli A, Molcard A, Petrenko A. 
2014. A connectivity-based eco-regionalization method of the 
Mediterranean Sea. PloS One 9(11):e111978. DOI: 10.1371/ 
journal.pone.0111978.

Bianchi CN. 2004. Proposta di suddivisione dei mari italiani in 
settori biogeografici. Notiziario SIBM 46:57–59.

Boaden PJS. 1965. Interstitial fauna from Porto Paone. 
Pubblicazioni Stazione Zoologica Napoli 34:235–239.

Bouillon J, Medel MD, Pagès F, Gili JM, Boero F, Gravili C. 
2004. Fauna of the Mediterranean Hydrozoa. Scientia Marina 
68(Suppl. 2):1–449. DOI: 10.3989/scimar.2004.68s25.

Brown AC, McLachlan A. 2006. The ecology of sandy shores. 
London, UK: Academic Press publ. pp. 392.

Brunetti R, Mastrototaro F. 2017. Ascidiacea of the European 
waters. In: Comitato Fauna d’Italia (ed.). Fauna d’Italia. Vol. 
51. Bologna: Edagricole-New Business Media (Calderini) 
publ.. pp. 472.

Cannon LRG. 1986. Turbellaria of the world: A guide to families 
& genera. Queensland museum. Brisbane. pp. 136.

Casanova JP, Hernández F, Jiménez S. 2006. Spadella lainezi 
n. sp., the first cave chaetognath from the eastern Atlantic 
Ocean. Vieraea 34:17–24.

Casu M, Scarpa F, Delogu V, Cossu P, Lai T, Sanna D, Curini- 
Galletti M. 2014. Biodiversity patterns in interstitial marine 
microturbellaria: A case study within the genus Parotoplana 
(Platyhelminthes: Rhabditophora) with the description of four 
new species. Journal of Zoological Systematics and Evolutionary 
Research 52(3):190–202. DOI: 10.1111/jzs.12058.

Cattaneo-Vietti R, Giovine F. 2008. Opisthobranchia. In: 
G. Relini (ed.). Checklist della flora e della fauna dei mari 
italiani (parte I). Biologia Marina Mediterranea 15 
(suppl.):279–295.

Cerca J, Purschke G, Struck TH. 2018. Marine connectivity 
dynamics: Clarifying cosmopolitan distributions of marine 
interstitial invertebrates and the meiofauna paradox. Marine 
Biology 165:123–144. doi:10.1007/s00227-018-3383-2.

Costello MJ, May RM, Stork NE. 2013. Can we name earth’s 
species before they go extinct? Science 339(6118):413–415. 
DOI: 10.1126/science.1230318.

Curini-Galletti M. 2001. The Proseriata. In: Littlewood DTJ, 
Bray RA, (eds.). Interrelationships of the Platyhelminthes. 
London and New York: Taylor and Francis. pp. 41–48.

Curini-Galletti M, Artois T, Delogu V, De Smet WH, 
Fontaneto D, Jondelius U, Leasi F, Martínez A, Meyer- 
Wachsmuth I, Nilsson KS, Tongiorgi P, Worsaae K, 
Todaro MA. 2012. Patterns of diversity in soft-bodied meio-
fauna: Dispersal ability and body size matter. PloS One 7(3): 
e33801. DOI: 10.1371/journal.pone.0033801.

Curini-Galletti M, Campus P, Delogu V. 2008. Theama mediter-
ranea sp. nov. (Platyhelminthes, Polycladida), the first inter-
stitial polyclad from the Mediterranean. Italian Journal of 
Zoology 75(1):77–83. DOI: 10.1080/11250000701690525.

Danovaro R, Fraschetti S, Belgrano A, Vincx M, Curini-Galletti 
M, Albertelli G, Fabiano M. 1995. The potential impact of 
meiofauna on the recruitment of macrobenthos in a subtidal 
coastal benthic community of the Ligurian Sea (north-western 
Mediterranean): A field result. In: Biology and ecology of 
shallow coastal waters. Fredensborg, Denmark: Olsen and 
Olsen, Denmark publ.. pp. 115–122.

De Smet WH, Melone G, Fontaneto D, Leasi F. 2015. Marine 
Rotifera. In: Comitato Fauna d’Italia (ed.). Fauna d’Italia. 
Vol. 50. Bologna: Edagricole-New Business Media 
(Calderini) publ.. pp. 272.

Delogu V, Curini-Galletti M. 2009. The Parotoplana jondelii 
species-group (Platyhelminthes: Proseriata): 
A microturbellarian radiation in the Mediterranean. 
Contributions to Zoology 78(3):99–112. DOI: 10.1163/ 
18759866-07803002.

Di Domenico M, Martínez A, Almeida TCM, Martins MO, 
Worsaae K, Lana PC. 2014a. Response of the meiofaunal 
annelid Saccocirrus pussicus (Saccocirridae) to sandy beach 
morphodynamics. Hydrobiologia 734(1):1–16. DOI:  
10.1007/s10750-014-1858-9.

Di Domenico M, Martínez A, Lana P, Worsaae K. 2014b. 
Molecular and morphological phylogeny of Saccocirridae 
(Annelida) reveals two cosmopolitan clades with specific habi-
tat preferences. Molecular Phylogenetics and Evolution 
75:202–218. doi:10.1016/j.ympev.2014.02.003.

Di Domenico M, Martínez A, Worsaae K. 2019. Saccocirridae 
(Annelida) from the Canary Islands with a description of 
Saccocirrus slateri sp. nov. Marine Biodiversity 49 
(5):2125–2139. DOI: 10.1007/s12526-019-00991-7.

Eder B, Schrodl M, Jörger K. 2011. Systematics and redescrip-
tion of the European meiofaunal slug Microhedyle glandulifera 
(Kowalevsky, 1901) (Heterobranchia: Acochlidia): Evidence 
from molecules and morphology. Journal of Molluscan 
Studies 77(4):388–400. DOI: 10.1093/mollus/eyr030.

Egger B, Lapraz F, Tomiczek B, Müller S, Dessimoz C, 
Girstmair J, Škunca N, Rawlinson KA, Cameron CB, 
Beli E, Todaro MA, Gammoudi M, Noreña C, Telford MJ. 
2015. A transcriptomic-phylogenomic analysis of the evolu-
tionary relationships of flatworms. Current Biology 25 
(10):1–7. DOI: 10.1016/j.cub.2015.03.034.

Fonseca VG, Carvalho GR, Nichols B, Quince C, Johnson HF, 
Neill SP, Lambshead JD, Thomas WK, Power DM, Creer S. 
2014. Metagenetic analysis of patterns of distribution and 
diversity of marine meiobenthic eukaryotes. Global Ecology 

Italian soft-bodied Meiofauna 381

https://doi.org/10.1016/j.cub.2012.09.036
https://doi.org/10.1016/j.cub.2012.09.036
https://doi.org/10.3354/meps196049
https://doi.org/10.1080/11250003.2012.754058
https://doi.org/10.1371/journal.pone.0111978
https://doi.org/10.1371/journal.pone.0111978
https://doi.org/10.3989/scimar.2004.68s25
https://doi.org/10.1111/jzs.12058
https://doi.org/10.1007/s00227-018-3383-2
https://doi.org/10.1126/science.1230318
https://doi.org/10.1371/journal.pone.0033801
https://doi.org/10.1080/11250000701690525
https://doi.org/10.1163/18759866-07803002
https://doi.org/10.1163/18759866-07803002
https://doi.org/10.1007/s10750-014-1858-9
https://doi.org/10.1007/s10750-014-1858-9
https://doi.org/10.1016/j.ympev.2014.02.003
https://doi.org/10.1007/s12526-019-00991-7
https://doi.org/10.1093/mollus/eyr030
https://doi.org/10.1016/j.cub.2015.03.034


and Biogeography 23(11):1293–1302. DOI: 10.1111/ 
geb.12223.

Fonseca VG, Carvalho GR, Sung W, Johnson HF, Power DM, 
Neill SP, Packer M, Blaxter ML, Lambshead PJD, 
Thomas WK, Creer S. 2010. Second-generation environmen-
tal sequencing unmasks marine metazoan biodiversity. Nature 
Communications 1(1):98. DOI: 10.1038/ncomms1095.

Fontaneto D, De Smet WH. 2015. Rotifera, Chapter 4. In: 
Schmidt-Rhaesa A, editor. Handbook of zoology, Gastrotricha, 
Cycloneuralia and gnathifera. Volume 3, Gastrotricha and 
Gnathifera. Berlin: De Gruyter GmbH. pp. 217–300.

Fontaneto D, Barbosa AM, Segers H, Pautasso M. 2012. The 
‘rotiferologist’ effect and other global correlates of species 
richness in monogonont rotifers. Ecography 35(2):174–182. 
DOI: 10.1111/j.1600-0587.2011.06850.x.

Fontaneto D, De Smet WH, Ricci C. 2006. Rotifers in saltwater 
environments, re-evaluation of an inconspicuous taxon. 
Journal of the Marine Biological Association UK 86 
(4):623–656. DOI: 10.1017/S0025315406013531.

Fröbius AC, Funch P. 2017. Rotiferan Hox genes give new insights 
into the evolution of metazoan bodyplans. Nature 
Communications 8(1):9. DOI: 10.1038/s41467-017-00020-w.

Garraffoni ARS, Freitas AVL. 2017. Photos belong in the taxo-
nomic code. Science 355(6327):805. DOI: 10.1126/science. 
aam7686.

Gelder SR. 1974. A review of the zoogeography and habitat data 
of the genus Nerilla Schmidt, 1848 (Annelida: Archiannelida). 
Journal of Natural History 8(6):631–643. DOI: 10.1080/ 
00222937400770541.

Genovese S, Berdar A, Guglielmo L. 1971. Spiaggiamenti di fauna 
abissale nello Stretto di Messina. Atti della Società Peloritana di 
Scienze Fisiche Matematiche e Naturali 17:331–370.

Gerlach SA. 1952. Diurodrilus benazzii, ein neuer Archiannelide 
aus dem Küstengrunwasser des Mittelmeeres. Zoologischer 
Anzeiger 149:185–188.

Gerlach SA. 1953. Zur Kenntnis der Archianneliden des 
Mittelmeeres. Kieler Meeresforschungen 9:248–251.

Gerovasileiou V, Martínez A, Álvarez F, Boxshall G, 
Humphreys WF, Jaume D, Becking LE, Muricy G, van 
Hengstum PJ, Dekeyzer S, Decock W, Vanhoorne B, 
Vandepitte L, Bailly N, Iliffe TM. 2016. World Register of 
marine Cave Species (WoRCS): A new thematic species data-
base for marine and anchialine cave biodiversity. Research 
Ideas and Outcomes 2:e10451. doi:10.3897/rio.2.e10451.

Giere O. 2009. Meiobenthology: The microscopic motile fauna 
of aquatic sediments. 2nd ed. Berlin Heidelberg: Springler- 
Verlag. pp. 422.

Gusmão F, Di Domenico M, Amaral ACZ, Martínez A, 
Gonzalez BC, Worsaae K, Ivar Do Sul JA, da Cunha Lana P. 
2016. In situ ingestion of microfibres by meiofauna from sandy 
beaches. Environmental Pollution 216:584–590. doi:10.1016/j. 
envpol.2016.06.015.

Harvey THP, Butterfield NJ. 2017. Exceptionally preserved 
Cambrian loriciferans and the early animal invasion of the 
meiobenthos. Nature Ecology & Evolution 1(3):22. DOI:  
10.1038/s41559-016-0022.

Hatschek B. 1888. Lehrbuch der Zoologie. Jena: Gustav Fischer publ. 
pp. 144.

Hejnol A, Obst M, Stamatakis A, Ott M, Rouse GW, 
Edgecombe GD, Martínez P, Baguñà J, Bailly X, 
Jondelius U, Wiens M, Müller WEG, Seaver E, 
Wheeler WC, Martindale MQ, Giribet G, Dunn CW. 2009. 
Assessing the root of bilaterian animals with scalable phyloge-
nomic methods. Proceedings of the Royal Society B 276 
(1677):4261–4270. DOI: 10.1098/rspb.2009.0896.

Higgins RP, Thiel H. 1988. Introduction to the study of meio-
fauna. Washington: Smithsonian Institution Press. pp. 488.

Hummon WD, Todaro MA. 2009. Italian marine Gastrotricha: 
VI. Seven new species of Macrodasyida. Zootaxa 2278 
(1):47–68. DOI: 10.11646/zootaxa.2278.1.3.

Janssen T, Vizoso DB, Schulte G, Littlewood DT, 
Waeschenbach A, Schärer L. 2015. The first multi-gene phy-
logeny of the Macrostomorpha sheds light on the evolution of 
sexual and asexual reproduction in basal Platyhelminthes. 
Molecular Phylogenetics and Evolution 92:82–107. 
doi:10.1016/j.ympev.2015.06.004.

Jondelius U, Raikova OI, Martínez P. 2019. Xenacoelomorpha, 
a key group to understand bilaterian evolution: Morphological 
and molecular perspectives. In: Pontarotti P, editor. 
Evolution, origin of life, concepts and methods. New York, 
NY: Springer publ.. pp. 287–315.

Jondelius U, Jondelius Y. 2020. Acoelomorpha. In: Schmidt- 
Rhaesa A, editor. Guide to the identification of Marine 
Meiofauna. Munich, Germany: F.Pfeil Publ.. pp. 44–53.

Jondelius U, Wallberg A, Hooge M, Raikova OI. 2011. How the 
worm got its pharynx: Phylogeny, classification and Bayesian 
assessment of character evolution in Acoela. Systematic 
Biology 60(6):845–871. DOI: 10.1093/sysbio/syr073.

Jörger KM, Neusser TP, Brenzinger B, Schrödl M. 2020. 
Gastropoda. In: Schmidt-Rhaesa A, editor. Guide to the iden-
tification of Marine Meiofauna. Munich, Germany: F.Pfeil 
Publ.. pp. 289–307.

Jouin-Toulmond C, Gambi MC. 2007. Description of Saccocirrus 
goodrichi sp. nov. (Annelida: Polychaeta: Saccocirridae), a new 
Mediterranean species and new data on the chaetae of 
S. papillocercus and S. major. Cahiers de biologie marine 
48:381–390.

Kapp H, Giere O. 2005. Spadella interstitialis sp. nov., 
a meiobenthic chaetognath from Mediterranean calcareous 
sands. Meiofauna Marina 14:109–114.

Karling TG. 1966. On nematocysts and similar structures in 
turbellarians. Acta zoologica fennica 116:1–28.

Kennedy AD, Jacoby CA. 1999. Biological indicators of marine 
environmental health: Meiofauna – A neglected benthic com-
ponent? Environmental Monitoring and Assessment 54 
(1):47–68. DOI: 10.1023/A:1005854731889.

Kerbl A, Bekkouche N, Sterrer W, Worsaae K. 2015. Detailed recon-
struction of the nervous and muscular system of Lobatocerebridae 
with an evaluation of its annelid affinity. BMC Evolutionary 
Biology 15(1):277. DOI: 10.1186/s12862-015-0531-x.

Kristensen RM, Funch P. 2000. Micrognathozoa: A new class with 
complicated jaws like those of Rotifera and Gnathostomulida. 
Journal of Morphology 246(1):1–49. DOI: 10.1002/1097-4687-
(200010)246:1<1::AID-JMOR1>3.0.CO;2-D.

Ladurner P, Schärer L, Salvenmoser W, Rieger RM. 2005. A new 
model organism among the lower Bilateria and the use of digital 
microscopy in taxonomy of meiobenthic Platyhelminthes: 
Macrostomum lignano, n. sp. (Rhabditophora, Macrostomorpha). 
Journal of Zoological Systematics and Evolutionary Research 43 
(2):114–126. DOI: 10.1111/j.1439-0469.2005.00299.x.

Laumer CE, Bekkouche N, Kerbl A, Goetz F, Neves RC, 
Sørensen MV, Kristensen RM, Hejnol A, Dunn CW, 
Giribet G, Worsaae K. 2015. Spiralian phylogeny informs 
the evolution of microscopic lineages. Current Biology 25 
(15):2000–2006. DOI: 10.1016/j.cub.2015.06.068.

Leasi F, Andrade SCS, Norenburg JL. 2016. At least some meiofau-
nal species are not everywhere. Indication of geographic, ecologi-
cal and geological barriers affecting the dispersion of species of 
Ototyphlonemertes (Nemertea, Hoplonemertea). Molecular 
Ecology 25(6):1381–1397. DOI: 10.1111/mec.13568.

382 M. Curini-Galletti et al.

https://doi.org/10.1111/geb.12223
https://doi.org/10.1111/geb.12223
https://doi.org/10.1038/ncomms1095
https://doi.org/10.1111/j.1600-0587.2011.06850.x
https://doi.org/10.1017/S0025315406013531
https://doi.org/10.1038/s41467-017-00020-w
https://doi.org/10.1126/science.aam7686
https://doi.org/10.1126/science.aam7686
https://doi.org/10.1080/00222937400770541
https://doi.org/10.1080/00222937400770541
https://doi.org/10.3897/rio.2.e10451
https://doi.org/10.1016/j.envpol.2016.06.015
https://doi.org/10.1016/j.envpol.2016.06.015
https://doi.org/10.1038/s41559-016-0022
https://doi.org/10.1038/s41559-016-0022
https://doi.org/10.1098/rspb.2009.0896
https://doi.org/10.11646/zootaxa.2278.1.3
https://doi.org/10.1016/j.ympev.2015.06.004
https://doi.org/10.1093/sysbio/syr073
https://doi.org/10.1023/A:1005854731889
https://doi.org/10.1186/s12862-015-0531-x
https://doi.org/10.1002/1097-4687(200010)246:1%3C1::AID-JMOR1%3E3.0.CO;2-D
https://doi.org/10.1002/1097-4687(200010)246:1%3C1::AID-JMOR1%3E3.0.CO;2-D
https://doi.org/10.1111/j.1439-0469.2005.00299.x
https://doi.org/10.1016/j.cub.2015.06.068
https://doi.org/10.1111/mec.13568


Leasi F, De Smet WH. 2020. Thalassic Rotifers from the United 
States: Descriptions of two new species and notes on the effect 
of salinity and ecosystem on biodiversity. Diversity 12(1):28. 
DOI: 10.3390/d12010028.

Leasi F, Sevigny JL, Laflamme EM, Artois T, Curini-Galletti M, de 
Jesus Navarrete A, Di Domenico M, Goetz F, Hall JA, 
Hochberg R, Jörger KM, Jondelius U, Todaro MA, 
Wirshing HH, Norenburg JL, Thomas WK. 2018. Biodiversity 
estimates and ecological interpretations of meiofaunal commu-
nities are biased by the taxonomic approach. Communications 
Biology 112. DOI: 10.1038/s42003-018-0119-2.

Magagnini G. 1980. Archianellidi della Meloria (Livorno). Atti della 
Società Toscana di Scienze Naturali, Memorie 87:299–308.

Martens PM, Curini-Galletti M. 1994. Revision of the Archiloa 
genus complex with description of seven new Archilina species 
(Platyhelminthes, Proseriata) from the Mediterranean. 
Bijdragen Tot De Dierkunde 64(3):129–150. DOI: 10.1163/ 
26660644-06403001.

Martens PM, Schockaert ER. 1986. The importance of turbellar-
ians in the marine meiobenthos: A review. Hydrobiologia 132 
(1):295–303. DOI: 10.1007/BF00046263.

Martínez A, Purschke G, Worsaae K. 2019. Protodriloididae 
Purschke & Jouin, 1988. In: Schmidt-Rhaesa A, editor. 
Handbook of Zoology Online. Berlin, Germany: De Gruyter 
Online.

Martínez A, Di Domenico M, Rouse GW, Worsaae K. 2015. 
Phylogeny and systematics of Protodrilidae (Annelida) 
inferred with total evidence analyses. Cladistics 31 
(3):250–276. DOI: 10.1111/cla.12089.

Martínez A, Eckert EM, Artois T, Careddu G, Casu M, Curini- 
Galletti M, Gazale V, Gobert S, Ivanenko VN, Jondelius U, 
Marzano M, Pesole G, Zanello MA, Todaro MA. 2020. 
Human access impacts biodiversity of microscopic animals 
in sandy beaches. Communications Biology 3(1):175. DOI:  
10.1038/s42003-020-0912-6.

Meini G. 2013. Two new marine flatworms (Platyhelminthes: 
Rhabditophora: Proseriata) of the genus Otoplana Du 
Plessis, 1889 from the upper Tuscany sandy shores (Italy). 
Zootaxa 3608(7):575–586. DOI: 10.11646/zootaxa.3608.7.4.

Meixner J. 1943. über die Umbildung einer Turbellarienart nach 
Einwanderung aus dem Meere ins Süßwasser. Internationale 
Revue der gesamten Hydrobiologie und Hydrographie. 
43:458–465.

Meyer-Wachsmuth I, Curini Galletti M, Jondelius U. 2014. 
Hyper-cryptic marine meiofauna: Species complexes in 
nemertodermatida. PloS One 9(9):e107688. DOI: 10.1371/ 
journal.pone.0107688.

Mills S, Alcantara-Rodriguez JA, Ciros-Pérez J, Gómez A, 
Hagiwara A, Hinson Galindo K, Jersabek C, Malekzadeh- 
Viayeh R, Leasi F, Lee J-S, Mark Welch DB, Papakostas S, 
Riss S, Segers H, Serra M, Shiel R, Smolak R, Snell TW, 
Stelzer C-P, Tang CQ, Wallace RL, Fontaneto D, Walsh EJ. 
2017. Fifteen species in one: Deciphering the Brachionus pli-
catilis species complex (Rotifera, Monogononta) through 
DNA taxonomy. Hydrobiologia 796(1):39–58. DOI:  
10.1007/s10750-016-2725-7.

Mouton S, Wudarski J, Grudniewska M, Berezikov E. 2018. The 
regenerative flatworm Macrostomum lignano, a model organ-
ism with high experimental potential. The International 
Journal of Developmental Biology 62(6–7–8):551–558. DOI:  
10.1387/ijdb.180077eb.

Norenburg JL, Stricker SA. 2002. Phylum Nemertea. In: 
Young CM, Rice M, Sewell MA, editors. Atlas of Marine 
Invertebrate Larvae. London, UK: Academic Press. pp. 163–177.

Norenburg JL, Gibson R, Herrera-Bachiller A, Strand M. 2020. 
World nemertea database. Ototyphlonemertes Diesing 1863. 
http://www.marinespecies.org/nemertea.

Palombi A. 1926. ‘Digenobothrium inerme’ n. gen., n. sp. 
(Crossocoela). Archivio Zoologico Italiano 11:143–175.

Philippe H, Brinkmann H, Copley RR, Moroz LL, Nakano H, 
Poustka A, Wallberg A, Peterson KJ, Telford MJ. 2011. 
Acoelomorph flatworms are deuterostomes related to 
Xenoturbella. Nature 470(7333):255–260. DOI: 10.1038/ 
nature09676.

Pierantoni U. 1906. Sullo sviluppo del Protodrilus e del 
Saccocirrus. Mittheilungen aus der Zoologischen Station zu 
Neapel 17:515–523.

Pierantoni U. 1907. Il genere Saccocirrus Bobretzky e le sue specie. 
Annuario dell’Istituto e Museo di Zoologia di Napoli 2:1–11.

Pierantoni U. 1908. Protodrilus. Fauna und Flora des Golfes von 
Neapel und der angrenzenden Meeres-Abschnitte. 31:1–226.

Raffaelli DG, Mason CF. 1981. Pollution monitoring with meio-
fauna, using the ratio of nematodes to copepods. Marine 
Pollution Bulletin 12(5):158–163. DOI: 10.1016/0025-326X 
(81)90227-7.

Relini G (ed). 2008. Checklist della Flora e della Fauna dei Mari 
Italiani. Biologia Marina Mediterranea 15(Suppl I), pp. 829.

Relini G (ed). 2010. Checklist della Flora e della Fauna dei Mari 
Italiani. Biologia Marina Mediterranea 17(Suppl II), pp. 385.

Remane A. 1933. Verteilung und Organisation der bentho-
nischen Mikrofauna der Kieler Bucht. Wissenschaftliche 
Meeresuntersuchun 21:161–221.

Riedl R. 1954. Neue Turbellarien aus dem mediterranen 
Felslittoral. Ergebnisse der “Unterwasser-Expedition Austria 
1948-1949”. Zoologische Jahrbücher. Abteilung für 
Systematik, Geographie und Biologie der Tiere 82:157–244.

Riedl R. 1959. Turbellarien aus submarinen Höhlen, 2. 
Prolecithophora. Pubblicazioni della Stazione Zoologica di 
Napoli 30(suppl.):209–304.

Riedl R. 1969. Gnathostomulida from America – This is the first 
record of the new phylum from North America. Science 163 
(3866):445–452. DOI: 10.1126/science.163.3866.445.

Rieger RM. 1971. Die Turbellarienfamilie Dolichomacrostomidae 
Rieger II. Teil. Dolichomacrostominae 1. Zoologische 
Jahrbücher. Abteilung für Systematik, Geographie und 
Biologie der Tiere 98:569–703.

Rieger RM, Sterrer W. 1975. New spicular skeletons in 
Turbellaria, and the occurrence of spicules in marine 
meiofauna. Zeitschrift für zoologische Systematik und 
Evolutionsforschung 13(4):207–278. DOI: 10.1111/j.1439- 
0469.1975.tb00509.x.

Rouse GW, Wilson NG, Carvajal JI, Vrijenhoek RC. 2016. New 
deep-sea species of Xenoturbella and the position of 
Xenacoelomorpha. Nature 530(7588):94–97. DOI: 10.1038/ 
nature16545.

Salvini-Plawen LV. 2008a. Solenogastres. In: G. Relini (ed.). 
Checklist della flora e della fauna dei mari italiani (parte I). 
Biologia Marina Mediterranea 15(suppl.):228–230.

Salvini-Plawen LV. 2008b. Caudofoveata. In: G. Relini (ed.). 
Checklist della flora e della fauna dei mari italiani (parte I). 
Biologia Marina Mediterranea 15(suppl.):226–227.

Scarpa F, Cossu P, Delogu V, Lai T, Sanna D, Leasi F, 
Norenburg JL, Curini-Galletti M, Casu M. 2017. Molecular 
support for morphology-based family-rank taxa: The contrast-
ing cases of two families of Proseriata (Platyhelminthes). 
Zoologica scripta 46(6):753–766. DOI: 10.1111/zsc.12251.

Scarpa F, Cossu P, Lai T, Sanna D, Curini-Galletti M, Casu M. 
2016. Meiofaunal cryptic species challenge species delimita-

Italian soft-bodied Meiofauna 383

https://doi.org/10.3390/d12010028
https://doi.org/10.1038/s42003-018-0119-2
https://doi.org/10.1163/26660644-06403001
https://doi.org/10.1163/26660644-06403001
https://doi.org/10.1007/BF00046263
https://doi.org/10.1111/cla.12089
https://doi.org/10.1038/s42003-020-0912-6
https://doi.org/10.1038/s42003-020-0912-6
https://doi.org/10.11646/zootaxa.3608.7.4
https://doi.org/10.1371/journal.pone.0107688
https://doi.org/10.1371/journal.pone.0107688
https://doi.org/10.1007/s10750-016-2725-7
https://doi.org/10.1007/s10750-016-2725-7
https://doi.org/10.1387/ijdb.180077eb
https://doi.org/10.1387/ijdb.180077eb
http://www.marinespecies.org/nemertea
https://doi.org/10.1038/nature09676
https://doi.org/10.1038/nature09676
https://doi.org/10.1016/0025-326X(81)90227-7
https://doi.org/10.1016/0025-326X(81)90227-7
https://doi.org/10.1126/science.163.3866.445
https://doi.org/10.1111/j.1439-0469.1975.tb00509.x
https://doi.org/10.1111/j.1439-0469.1975.tb00509.x
https://doi.org/10.1038/nature16545
https://doi.org/10.1038/nature16545
https://doi.org/10.1111/zsc.12251


tion: The case of the Monocelis lineata (Platyhelminthes: 
Proseriata) species complex. Contributions to Zoology 85 
(2):121–143. DOI: 10.1163/18759866-08502001.

Scarpa F, Cossu P, Sanna D, Lai T, Casu M, Curini-Galletti M. 
2017. New insights on the genus Otoplana Du Plessis, 1889 
(Platyhelminthes: Proseriata), with description of two new 
species from the Canary Islands. Marine Biodiversity 49 
(5):2075–2087. DOI: 10.1007/s12526-017-0785-1.

Scheltema AH, Ivanov DL. 2000. Prochaetodermatidae of the 
Eastern Atlantic Ocean and Mediterranean sea (Mollusca: 
Aplacophora). Journal of Molluscan Studies 66(3):313–362. 
DOI: 10.1093/mollus/66.3.313.

Schmidt-Rhaesa A, Pyataeva S, Collins AG. 2020. Cnidaria. In: 
Schmidt-Rhaesa A, editor. Guide to the identification of Marine 
Meiofauna. Munich, Germany: F.Pfeil Publ.. pp. 33–43.

Schmidt-Rhaesa A. 2020. Sampling Symsagittifera. Green colour 
disappearing into the sand. In: Schmidt-Rhaesa A, editor. 
Guide to the identification of Marine Meiofauna. Munich, 
Germany: F.Pfeil Publ.. pp. 600–601.

Smith III JPS, Van Steenkiste N, Artois T. 2020. Platyhelminthes. In: 
Schmidt-Rhaesa A, editor. Guide to the identification of Marine 
Meiofauna. Munich, Germany: F.Pfeil Publ.. pp. 54–103.

Sørensen M, Sterrer W. 2020. Gnathostomulida. In: Schmidt- 
Rhaesa A, editor. Guide to the identification of Marine 
Meiofauna. Munich, Germany: F.Pfeil Publ.. pp. 199–226.

Sterrer W. 1968. Paranerilla limicola Jouin & Swedmark 
(Archiannelida) von der Norwegischen und Adriatischen Küste. 
Sarsia 36(1):65–68. DOI: 10.1080/00364827.1968.10411139.

Sterrer W. 1973. Plate tectonics as a mechanism for dispersal and 
speciation in interstitial sand fauna. Netherlands Journal of Sea 
Research 7:200–222. doi:10.1016/0077-7579(73)90045-8.

Sterrer W, Rieger R. 1974. Retronectidae – A new cosmopolitan 
marine family of Catenulida (Turbellaria). In: Riser NW, 
Morse MP, editors. Biology of the Turbellaria. NY: McGraw- 
Hill. pp. 63–92.

Sterrer W, Rieger RM, Mainitz M. 1985. Gnathostomulida: 
Enigmatic as ever. In: Littlewood DTJ, Bray RA, editors. 
Interrelationships of the Platyhelminthes. London and 
New York: Taylor and Francis. pp. 181–199.

Strand M, Sundberg P. 2010. Stjarnmaskar-slemmaskar: 
Sipuncula-Nemertea. Nationalnyckeln till Sveriges flora och 
fauna. Uppsala, Sweden: ArtDatabanken Publ.. pp. 188.

Struck TH, Golombek A, Weigert A, Franke FA, Westheide W, 
Purschke G, Bleidorn C, Halanych KM. 2015. The evolution 
of annelids reveals two adaptive routes to the interstitial 
realm. Current Biology 25(15):1993–1999. DOI: 10.1016/j. 
cub.2015.06.007.

Todaro MA, Balsamo M, Tongiorgi P. 2008. Gastrotricha. In: 
Relini G. (ed.). Checklist della flora e della fauna dei mari 
italiani. Biologia Marina Mediterranea 15(suppl.):160–169.

Todaro MA, Dal Zotto M, Kånneby T, Hochberg R. 2019b. 
Integrated data analysis allows the establishment of a new, cosmo-
politan genus of marine Macrodasyida (Gastrotricha). Scientific 
Reports 9(1):7989. DOI: 10.1038/s41598-019-43977-y.

Todaro MA, Dal Zotto M, Rebecchi C. 2020. Presenza del raro 
Maccabeus tentaculatus Por, 1973 (Priapulida) nel Mar Ligure. 
Biologia Marina Mediterranea 26(1) (in press).

Todaro MA, Hummon WD, Balsamo M, Fregni E, Tongiorgi P. 
2001. Inventario dei Gastrotrichi marini italiani: Una check-
list annotata. Atti della Societa Toscana di Scienze Naturali, 
Memorie Serie B 107:75–137.

Todaro MA, Shirley TC. 2003. A new meiobenthic priapulid 
(Priapulida, Tubiluchidae) from a Mediterranean submarine 
cave. Italian Journal of Zoology 70(1):79–87. DOI: 10.1080/ 
11250000309356499.

Todaro MA, Sibaja-Cordero JAOA, Segura-Bermúdez OA, 
Coto-Delgado G, Goebel-Otárola N, Barquero JD, Mariana 
Cullell-Delgado M, Dal Zotto M. 2019a. An introduction to 
the study of Gastrotricha, with a taxonomic key to families 
and genera of the group. Diversity 11(7):117. DOI: 10.3390/ 
d11070117.

Tyler S, Artois T, Schilling S, Hooge M, Bush LF (eds.). 
2006–2018. World list of turbellarian worms: 
Acoelomorpha, Catenulida, Rhabditophora. Available: http:// 
www.marinespecies.org/turbellarians (accessed Jun 2020 20).

von Graff L. 1891. Monographie der Turbellarien 
I. Rhabdocoelida. Vol. II. Leipzig: Wilhelm Engelmann 
publ. pp. 442.

Wallace RL, Snell TW, Ricci C, Nogrady T. 2006. Rotifera. 1, 
biology, ecology and systematics. Guides to the identification 
of the microinvertebrates of the continental waters of the 
world. Leiden, Netherlands: Backhuys Publishers. pp. 299.

Warwick RM. 1981. The nematode/copepod ratio and its use in 
pollution ecology. Marine Pollution Bulletin 12(10):329–333. 
DOI: 10.1016/0025-326X(81)90105-3.

Warwick RM. 1984. Species size distributions in marine benthic 
communities. Oecologia (Berlin) 61(1):32–41. DOI: 10.1007/ 
BF00379085.

Weigert A, Bleidorn C. 2016. Current status of annelid 
phylogeny. Organisms Diversity & Evolution 16(2):345–362. 
DOI: 10.1007/s13127-016-0265-7.

Westheide W. 1991. The meiofauna of the Galapagos: A review. 
In: James Mathew J, editor. Galápagos marine invertebrates. 
New York: Springler. pp. 37–69.

Willems WR, Curini-Galletti M, Ferrero TJ, Fontaneto D, 
Heiner I, Huys R, Ivanenko VN, Kristensen RM, 
Kånneby T, MacNaughton MN, Martínez Arbizu P, 
Todaro MA, Sterrer W, Jondelius U. 2009. Meiofauna of 
the Koster-area, results from a workshop at the Sven Lovén 
Centre for Marine Sciences (Tjärnö, Sweden). Meiofauna 
Marina 17:1–34.

WoRMS Editorial Board. 2020. World register of marine species. 
Available: http://www.marinespecies.org at VLIZ.

Worsaae K. 2020. Annelida (excluding Clitellata and Sipuncula). 
In: Schmidt-Rhaesa A, editor. Guide to the identification of 
Marine Meiofauna. Munich, Germany: F.Pfeil Publ.. pp. 
239–270.

Worsaae K, Giribet G, Martínez A. 2018. The role of progenesis 
in the diversification of the interstitial annelid lineage 
Psammodrilidae. Invertebrate Systematics 32(4):774–793. 
DOI: 10.1071/IS17063.

Worsaae K, Kvindebjerg K, Martínez A. 2015. Morphology of 
a new interstitial Psammodrilus (Psammodrilidae, Annelida) 
from Sardinia, Italy. Zoologischer Anzeiger – A Journal of 
Comparative Zoology 259:13–21. doi:10.1016/j. 
jcz.2015.09.001.

Worsaae K, Mikkelsen MD, 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. DOI: 10.1007/ 
s12526-019-00984-6.

384 M. Curini-Galletti et al.

https://doi.org/10.1163/18759866-08502001
https://doi.org/10.1007/s12526-017-0785-1
https://doi.org/10.1093/mollus/66.3.313
https://doi.org/10.1080/00364827.1968.10411139
https://doi.org/10.1016/0077-7579(73)90045-8
https://doi.org/10.1016/j.cub.2015.06.007
https://doi.org/10.1016/j.cub.2015.06.007
https://doi.org/10.1038/s41598-019-43977-y
https://doi.org/10.1080/11250000309356499
https://doi.org/10.1080/11250000309356499
https://doi.org/10.3390/d11070117
https://doi.org/10.3390/d11070117
http://www.marinespecies.org/turbellarians
http://www.marinespecies.org/turbellarians
https://doi.org/10.1016/0025-326X(81)90105-3
https://doi.org/10.1007/BF00379085
https://doi.org/10.1007/BF00379085
https://doi.org/10.1007/s13127-016-0265-7
http://www.marinespecies.org%A0at%A0VLIZ
https://doi.org/10.1071/IS17063
https://doi.org/10.1016/j.jcz.2015.09.001
https://doi.org/10.1016/j.jcz.2015.09.001
https://doi.org/10.1007/s12526-019-00984-6
https://doi.org/10.1007/s12526-019-00984-6

	Abstract
	Introduction
	Material and methods
	Xenacoelomorpha
	Platyhelminthes
	Gastrotricha
	Rotifera
	Annelida
	Gnathostomulida
	Other Phyla
	Concluding remarks
	Acknowledgements
	Disclosure statement
	References



