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Abstract

Because of its position in the middle of the Mediterranea Sea and a complex geological history that has promoted repeated
waves of biological colonization, Sicily (Southern Italy) is of particular interest from a biogeographical perspective.
A number of previous investigations, dating back as far as the end of the 19™ century, have contributed to gather
information about the occurrence of Recent non-marine ostracods in Sicily, making this region one of the most intensively
studied areas of the Central Mediterranean. Published data on ostracod distributions have been integrated through an
extensive field survey on mainland Sicily and surrounding small islands and archipelagos. Altogether, 271 ostracod samples
and 11 sediment samples from dry water bodies were analysed from 218 sites visited between 2002 and 2017. Sampling
sites were selected to encompass all the most common types of freshwater aquatic habitats, both natural and artificial,
present in the area. Thirty-nine ostracods were identified at species level and 12 at supraspecific level. The present study
reports four species (Cypria subsalsa, Eucypris mareotica, Physocypria kerkyrensis, Vestalenula boteai) and one genus
(Vestalenula) as new for both peninsular Italy and adjacent islands, and three species (Candonopsis novaezelandiae,
Ilyocypris inermis, Neglecandona neglecta) and two genera (Candonopsis and Physocypria) as new for Sicily. The updated
checklist of the study area now includes at least 46 nominal species and other taxa identified at supraspecific level,
belonging to 28 genera in 8 families (Candonidae, Cyprididae, Cytherideidae, Darwinulidae, Hemicytheridae,
Ilyocyprididae, Limnocytheridae and Notodromadidae). The present investigation represents a significant addition to
the knowledge of the ostracod diversity and distribution in the Sicilian area and in Italy as a whole. It also provides
a sound baseline data for further comparative faunal studies aimed at investigating the affinities and origins of the central
Mediterranean inland-water ostracod faunas, and to analyse their biogeographic patterns.

Keywords: Non-marine ostracods, Central Mediterranean Sea, ecology, biogeography, SEM

Intr ion . . .
troductio groups, information about Recent Ostracoda is often

Most of the current knowledge on the distribution of
freshwater crustaceans in the Central Mediterranean
area relies on old and sparse work, which in some cases
was insufficient to provide a comprehensive descrip-
tion of the local faunas (Marrone 2006). Furthermore,
although regional checklists and identification keys are
available for most of the Branchiopoda and Copepoda

fragmented and in need of being revised or expanded.
The studies by Gurney (1909) and Gauthier (1928a,
1928b, 1928c) for Maghreb and Margaritora et al.
(1982) for Sicily are still valuable references today.
Conversely, earlier contributions on inland water
ostracods of Sardinia are of limited practical use
because of the inadequacy of their taxonomic
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descriptions (see Pieri et al. 2015 and references
therein). More recently, new surveys have provided
data on the distributions of non-marine ostracods in
the Central Mediterranean area, e.g. for Algeria
(Samraoui et al. 1998; Ghaouaci et al. 2017),
Tunisia (Zaibi et al. 2013), Balearic Islands (Zamora
et al. 2005; Lucena-Moya et al. 2016), and mainland
Sicily (Pieri et al. 2006). The latter paper, based on
literature review and new field data from 67 water
bodies (Figure 1), reported the occurrence of 25 ostra-
cod taxa (22 at species level) belonging to 16 genera in
five families. The checklist of the Recent non-marine
ostracods from Italy increased the Sicilian non-marine
ostracod fauna by 11 species, two genera (Cyprideis
and Tyrrhenocythere) and one family (Cytherideidae),
and by a putative new species, left in open nomencla-
ture, in the genus Eucypris (Pieri et al., 2015).
Actually, Cythere emarginata (in all probability refer-
able to Tyrrhenocythere amnicola) was already reported
by Moniez (1889) from River Anapo, this most likely
being the very first mention of a Sicilian inland water
ostracod. Troia et al. (2016) reported seven ostracod
species from a wetland complex from western Sicily,
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among them the first record of Eucypris kerkyrensis on
the island. Curry et al. (2016) reported 12 living spe-
cies from Lago Preola and Gorgo Basso (southwestern
Sicily), including two species, Fabaeformiscandona sub-
acuta and Neglecandona neglecta, new for the island.
The record of a new hypogean species from a cave near
Palermo, Mixtacandona idrisi (Mazzini et al., 2017) is
a further addition to this list. Thus, the ostracod fauna
of Sicily can be regarded as one of the best known at
regional scale, with at least 39 species and 19 genera in
six families.

In the present paper, we provide an updated and
comprehensive checklist of non-marine ostracods
from Sicily and adjacent small archipelagos and
islets that administratively belong to Italy, along
with some notes on their geographical distribution,
habitat preferences and biogeographic affinities.

Materials and methods

The present study is part of a broader survey aimed
at investigating the crustacean fauna of inland aqua-
tic habitats of Sicily and adjacent islands (Marrone

Pelagie
Islands @

Figure 1. Geographic position of Sicily in the Mediterranan Sea (lower panel) and sampling sites considered in the present study (e) and

by Pieri et al. 2006 (A).

AG: Agrigento; CL: Caltanissetta; CT: Catania: EN: Enna; ME: Messina; PA: Palermo; RG: Ragusa; SR: Siracusa; TP: Trapani.
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2006; Marrone et al. 2006a, 2006b, 2009, 2017;
Alfonso et al. 2010; Faraone et al. 2017; Vecchioni
et al. 2017, 2019a, 2019b).

Sicily is the largest (25,460 km?) island in the
Mediterranean basin. Its territory is characterised
by a high morphological and bioclimatic heteroge-
neity (Marrone et al. 2009). The total annual pre-
cipitation ranges from less than 400 mm y~! at lower
elevations to 1300 mm y~! at higher altitudes, and
the mean annual temperature ranges between 10.8°
C and 18.9°C (Liuzzo et al. 2015). Under these
semi-arid climatic conditions, freshwater ecosystems
are mainly made up by small-sized, temporary habi-
tats and by man-made reservoirs (Naselli-Flores
et al. 1998).

Sampling sites were selected to encompass the most
common and representative types of natural and man-
made aquatic environments present in the study area.
Forty-four samples collected in the frame of present
survey were already used to complement the dataset
of the Italian checklist of non-marine ostracods, so
that their occurrence in Sicily was anticipated there
(Pieri et al. 2015). Three sites considered by Curry
et al. (2016) (Lago Preola and Gorgo Basso) and by
Troia et al. (2016) (Margio di Gallitello-Anguillara)
were also sampled in the present study (identified as
TPO011, TP079 and TP124, respectively). With few
exceptions, only surface water bodies were sampled.
Altogether, 271 samples containing ostracods
were collected from 211 sites sampled between
November 2002 and March 2017. Most of the sites
(176) were visited only once, and the remaining ones
on different occasions, up to 11 times for TP124
(Table I). Ex situ rehydration of sediment collected
from 11 dry temporary habitats, using the “Sars’
method” as described in Marrone et al. (2019),
allowed to study the ostracod communities from
further 10 sites and obtain additional data for
AGO018 (listed as SRL — sediment re-hydrated in the
laboratory in Table I). Three samples were not further
analysed because only early larval stages were found,
and corresponding sites were excluded from the list of
Table I. Out of a total of 218 retained sites, 182 were
located on the main island, two on the Eolie Islands,
seven on Ustica, eight on the Egadi Islands, three on
Pantelleria and 16 on the Pelagie Islands (Figure 1).
Geographical coordinates were recorded in situ with
a hand-held GPS (Magellan 310). In most of the
sampling sites, water temperature and electric con-
ductivity were measured i sizu using a portable digital
meter (HI-9835 Multiparameter). Distribution maps
were produced using QGIS v. 3.4.15 (QGIS
Development Team 2018).

Ostracods were collected with a handnet with
a mesh size of 200 pum. Selected specimens were
sorted in the laboratory under a binocular microscope
and then fixed in 90% ethanol. Both soft parts (dis-
sected in glycerine and stored in sealed slides) and
valves (stored dry in micropaleontological slides)
were checked for taxonomic identification, at species
level whenever possible, using Maness and Kaesler
(1987), Rossetti and Martens (1998), Meisch
(2000), Scharf et al. (2014) and Rasouli et al.
(2016). For selected taxa, valves were also examined
by SEM using a Philips XI.-30 microscope and soft
parts were illustrated with a light transmission micro-
scope (Zeiss 47 30 11-9901) with a camera lucida.
Each dissected specimen was labelled with an alpha-
numeric code consisting of two alphabetical charac-
ters followed by a number. All the material used for
this study is housed at the Department of Chemistry,
Life Sciences and Environmental Sustainability,
University of Parma. Taxonomic nomenclature fol-
lows Meisch et al. (2019). Species authorships are
listed in Table II. Distribution maps and SEM
images of ostracods found in this study are available
as online electronic supplementary material (Figures
S1-821).

Results

Information on geographic location and the hydro-
period regime of the studied sites is given in Table I,
along with data on water temperature and electric
conductivity for most of them. These latter data on
physical and chemical characteristics of water must
be considered as purely indicative, given the high
daily and seasonal variability they are subject to,
especially in temporary habitats. Temperature data
will not be further considered here.

The elevation of sampling sites ranges from 0 to
1524 m a.s.l.; about 50% of the sites occur below
250 m a.s.l. Temporary habitats are far more numer-
ous than permanent ones, and ponds and rock pools
are the most frequently sampled habitat types.
Approximately 47% of the sampled sites occurs in
areas characterized by carbonate rocks, 19% by sedi-
mentary siliceous rocks, and 17% by clayey-gypseous
formations; water conductivity is below 2000 pS cm ™!
in 57% and above 12000 uS cm™" in 13% of the sites
for which data are available (Figure 2).

Altogether, 39 ostracod species were identified dur-
ing this survey, which belong to the superfamilies
Cypridoidea (four families), Darwinuloidea (one
family) and Cytheroidea (three families) (Table II).
An additional 12 taxa were identified at supraspecific
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Table II. Updated checklist of Recent non-marine ostracod species from Sicily and surrounding islands and their occurrence in the
sampling sites considered in this study (§: new record for the study area; #: new record for the Italian fauna). The list also includes species,
designated with an asterisk, previously reported for Sicily by other authors (Moniez 1889; Pieri et al. 2015 and references therein; Curry
et al. 2016; Troia et al. 2016; Mazzini et al. 2017) but not found in the frame of the present study. Site codes are as in Table I.

Class Ostracoda Latreille, 1802
Subclass Podocopa G.O. Sars, 1866
Order Podocopida G.O. Sars, 1866
Suborder Cypridocopina Baird, 1845
Superfamily Cypridoidea Baird, 1845
Family Cyprididae Baird, 1845
Subfamily Cypridinae Baird, 1845
Genus Cypris O.F. Miller, 1776
Cypris bispinosa Lucas, 1849
ENO008, EN027, ME042, PA029, RG006, TP124, TP143, TP166, TP177
Cypris pubera O.F. Miiller, 1776
MEO030, PA036, TP124
Subfamily Cypridopsinae Kaufmann, 1900
Genus Cypridopsis Brady, 1867
Cypridopsis elongata (Kaufmann, 1900)
AG094, SR059, TPO11, TP079, TP124, TP139, TP175, TP180, TP181
Cypridopsis hartwigi G. W. Miller, 1900
PA029, PA079, PA121
Cypridopsis vidua (O.F. Miiller, 1776)
AGO089, AG092, AG093, AG094, CL020, ME010, ME012, ME035, PA097, PA119, PA153, RG013, SR026, SR043, SR052,
SR053, TPO11, TP076, TP078, TP079, TP080, TP118, TP153
Genus Plesiocypridopsis Rome, 1965
Plesiocypridopsis newtoni (Brady and Robertson, 1870) (Figure S12 A, B)
AGO010, AG012, AG025, AG059, AG067, PA014, PA028, PA065, PA068, PA069, PA110, PA118, PA119, PA171,PA199,
RGO004, SR055A, SR055B, TP039, TP068, TP069, TP074, TP100, TP120, TP171, TP173, TP176
Genus Potamocypris Brady, 1870
Potamocypris arcuata (Sars, 1903) (Figure S12 G-J)
AGO010, AG013, AG018, AG025, AG035, AG037, AG068, PA036, PA068, RG004, TP004, TP039, TP068
Potamocypris villosa (Jurine, 1820)
AG092, CT014, PA028, TP036
Genus Sarscypridopsis McKenzie, 1977
Sarscypridopsis aculeata (Costa, 1847) (Figure S12 C-F)
AGO032, AG035, AG036, AG037, AG038, AG039, AG040, AG041, AG043, AG056, AG058, AG059, AG060, AG062,
AGO064, AG084, AG089, AG107, CL.002, CL008, CL014, CL.022, EN001, EN027, ME009, PA005, RG004, RG006, RG013,
TPO11, TP065, TP095, TP118, TP170, TP178
Subfamily Cyprinotinae Bronshtein, 1947
Genus Heterocypris Claus, 1892
*Heterocypris barbara (Gauthier and Brehm, 1928)
Heterocypris incongruens (Ramdohr, 1808) (Figures S13 and S14 A, B)
AGO009, AG018, AG021, AG024, AG025, AG027, AG033, AG043, AG057, AG059, AG063, AG089, AG094, AG095,
AG096, AG097, AG098, AG108, AG110, AG111, AG112, CL013, CL022, ME009, ME032, PA031, PA051, PA068, PA073,
PA171, PA173, PA176, PA199, PA200, RG004, SR039, SR055A, SR056A, SR056B, TP004, TP007, TP011, TP039, TP044,
TP068, TP072, TP093, TP100, TP144, TP161, TP172, TP174, TP177, TP178
Heterocypris reptans (Kaufmann, 1900)
CL012, CLO013
Heterocypris salina (Brady, 1868)
AGO032, AG040, AG043, AG052, AG061, AG063, AG068, AG085, AG108, AG112, RG014, SR020, TP080, TP111
Subfamily Eucypridinae Bronshtein, 1947
Genus Eucypris Vavra, 1891
Eucypris kerkyrensis Stephanides, 1937 (Figure S16)
AGO041, CL008, TP111, TP113, TP124, TP139, TP143, TP144, TP177, TP181
#Eucypris mareotica (Fischer, 1855) (Figure 5)
RG004, SR010, SR018, TP065, TP095, TP096, TP098, TP099, TP109, TP114, TP136
Eucypris virens (Jurine, 1820) (Figure S17)
AGO009, AG013, AG023, AG032, AG033, AG034, AG035, AG037, AG038, AG041, AG064, AG068, AG070, AG091,
AG092, AG093, AG094, CL008, CL012, CL013, CL014, CL015, CT003, CT004, CT007, CT011, CT014, CT020, EN009,
ENO027, ME001, ME033, ME036, ME039, ME042, ME044, PA004, PA013, PA021, PA022, PA023, PA029, PA032, PA034,
PA036, PA053, PA073, PA079, PA079, PA084, PA085, PA111, PA114, PA116, PA121, PA171, PA196, PA197, RG006,
TP004, TP006, TPO11, TP036, TP038, TP042, TP048, TP061, TP065, TP072, TP074, TP094, TP097, TP098, TP113,
TP118, TP124, TP139, TP143, TP144, TP170, TP175, TP177, TP179, TP180, TP181

(Continued)
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Table II. (Continued).

Genus Prionocypris Brady and Norman, 1896
Prionocypris zenkeri (Chyzer and Toth, 1858)
RGO013, SR053
Genus Tonnacypris Diebel and Pietrzeniuk, 1975
Tonnacypris lutaria (Koch, 1838)
AGO059, AG070, CT007, EN009, ME039, PA073, PA111, PA112, PA196, PA197, TP072, TP144
Genus Trajancypris Martens, 1989
Trajancypris clavata (Baird, 1838)
TP004, TP042
Subfamily Herpetocypridinae Kaufmann, 1900
Tribe Herpetocypridini Kaufmann, 1900
Genus Candonocypris Sars, 1894
SCcmdonocyprz's novaezelandiae (Baird, 1843)
TPO11, TP0O80
Genus Herpetocypris Brady and Norman, 1889
Herpetocypris brevicaudata Kaufmann, 1900
AG098, PA014, RG013
Herpetocypris chevreuxi (Sars, 1896)
AG109, PA177, PA199, SR026, TP117
*Herpetocypris helenae G.W. Miiller, 1908
Tribe Psychrodromini Martens, 2001
Genus Psychrodromus Danielopol and McKenzie, 1977
*Psychrodromus fontinalis (Wolf, 1920)
Subfamily Isocypridinae Hartmann and Puri, 1974
Genus Isocypris G.W. Miiller, 1908
Isocypris beauchampi (Paris, 1920)
PA036
Family Candonidae Kaufmann, 1900
Subfamily Candoninae Kaufmann, 1900
Tribe Candonini Kaufmann, 1900
Genus Neglecandona Krsti¢, 2006
Neglecandona lindneri (Petkovski, 1969) (Figure S18 A-D)
MEO030, ME044, PA010
Neglecandona neglecta (Sars, 1887)
CTO011, SR055A, TP124
Genus Fabaeformiscandona Krsti¢,1972
*Fabaeformiscandona subacuta (Yang, 1982)
Genus Mixtacandona Klie, 1938
*Mixtacandona idrisi Mazzini and Rossetti, 2017
Genus Pseudocandona Kaufmann, 1900
Pseudocandona albicans (Brady, 1864)
AG098, CL014, RG013
Subfamily Cyclocypridinae Kaufmann, 1900
Genus Cyclocypris Brady and Norman, 1889
*Cyclocypris laevis (O.F. Miiller, 1776)
Cyclocypris ovum (Jurine, 1820)
ENO008, ME001, ME032, ME033, ME036, ME056, PA087, PA103A
Genus Cypria Zenker, 1854
Cypria ophtalmica (Jurine, 1820)
MEO013, PA074, PA103B, PA176, PA201, PA202, SR038, TP120
#Cypria subsalsa (Redeke, 1936) (Figure 4 A, B)
TPO11, TP0O80
Genus Physocypria Vavra, 1897
# Physocypria kerkyrensis Klie, 1936 (Figure 4 C-E)
TPO11, TP079, TP080O
Family Ilyocyprididae Kaufmann, 1900
Subfamily Ilyocypridinae Kaufmann, 1900
Genus Ilyocypris Brady and Norman, 1889
Ilyocypris bradyi Sars, 1890 (Figure S19 A, B)
AGO098, AG112
Ilyocypris decipiens Masi, 1905 (Figure S19 C-F)
AGO033, AG059, AG064, AG111, CL013, PA121, TP072, TP176, TP178
Ilyocypris getica Masi, 1906 (Figure S20)

(Continued)
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CL023, PA073, TP036
Ilyocypris gibba (Ramdohr, 1808) (Figure S19 G, H)
AGO039, AG089, AG091, CL008, CL022, PA179, TP007
SIlyocypris inermis Kaufmann, 1900
CL023
Family Notodromadidae Kaufmann, 1900
Subfamily Notodromadinae Kaufmann, 1900
Genus Notodromas Lilljeborg, 1853
*Notodromas persica Gurney, 1921
Superfamily Darwinuloidea Brady and Robertson, 1885
Family Darwinulidae Brady and Robertson, 1885
Genus Darwinula Brady and Robertson, 1885
Darwinula stevensoni (Brady and Robertson, 1870)
RGO013, TP078, TP079, TP171
Genus Vestalenula Rossetti and Martens, 1998
#Vestalenula boteai (Danielopol, 1970) (Figures 6 and 7)
TPO11, TPO78
Superfamily Cytheroidea Baird, 1850
Family Cytherideidae Sars, 1925
Subfamily Cytherideinae
Genus Cyprideis Jones, 1857
Cyprideis torosa (Jones, 1850)
SR021
Family Limnocytheridae Klie, 1938
Subfamily Limnocytherinae Klie, 1938
Genus Limnocythere Brady, 1867
Limnocythere inopinata (Baird, 1843)
AGO036, AG039, TP0O11
Family Hemicytheridae Puri, 1953
Genus Tyrrhenocythere Ruggieri, 1955
Tyrrhenocythere amnicola (Sars, 1887) (Figure S21)
RGO013, SR042, SR052, SR053

level (Table III). Four species (Cypria subsalsa, Eucypris
mareotica, Physocypria kerkyrensis, Vestalenula botear)
(Figures 4-7) and one genus (Vestalenula) are reported
here for the first time for the whole Italian fauna,
while Candonopsis novaezelandiae and the genera
Candonopsis and Physocypria are also new for Sicily.
Seven species (Cyclocypris laevis, Fabaeformiscandona
subacuta, Herpetocypris helenae, Heterocypris barbara,
Mixtacandona idrisi, Notodromas persica, Psychrodromus
Jfontinalis) were already known from the study area (Pieri
et al. 2015; Mazzini et al., 2017) but were not found
again during the present survey (Table II).

About 44% of studied sites contained only a single
species; the highest diversity (11 taxa: Cypria sub-
salsa, Candonocypris novaezelandiae, Cypridopsis elon-
gata, Cypridopsis vidua, Eucypris virens, Heterocypris
incongruens, Heterocypris salina, Limnocythere inopi-
nata, Physocypria kerkyrensis, Sarscypridopsis aculeata
and Vestalenula boteai) was found in Lago Preola
(TPO11), an astatic swamp (Figure 3). Three spe-
cies (Cyprideis torosa, Ilyocypris inermis, Isocypris
beauchampi) were found only in one site, seven spe-
cies (Candonocypris novaezelandiae, Cypria subsalsa,

Heterocypris reptans, Ilyocypris bradyr, Prionocypris
zenkeri, Trajancypris clavata, Vestalenula boteai) in
two sites; the most common species were Eucypris
virens (85 sites, Figure S5), Heterocypris incongruens
(54 sites, Figure S3), Sarscypridopsis aculeata (34
sites, Figure S1), Plesiocypridopsis newtoni (27 sites,
Figure S1), and Cypridopsis vidua (23 sites) (Table
II). All taxa encountered on small islands and archi-
pelagos were also found on mainland Sicily, except
for Potamocypris cf. arcuara which was present exclu-
sively in three sites on the Egadi Islands.

Plesiocypridopsis newtoni (Figure S12 A, B) was
found in the north-western part of the study area,
except for an isolated record in the province of
Siracusa (Figure S1). This species occurred in
several different habitats, mostly rock pools but
also in drinking troughs, springs and occasionally
in a well and in a stream, at elevations up to
500 m a.s.l. and with salinity usually not exceed-
ing 3 mS cm™’.

Two species of Poramocypris were present:
Potamocypris  arcuata (Figure S12 G-]) and
Potamocypris wvillosa. The first species, which is
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Figure 2. Distribution of sampling sites by habitat type, prevalent lithology, altitude and electrical conductivity.

absent in the central and eastern parts of Sicily,
preferred small-sized habitats with a maximum con-
ductivity of up to 2-3 mS cm™'; the second one
occurred in only three scattered, temporary sites
(Figure S2).

Sarscypridopsis aculeata (Figure S21 C-F) was
retrieved from both temporary and permanent lentic
water bodies, and sporadically in a river and in
a well. It was absent from the north-eastern part of

the study area, except for a population recorded in
a temporary pool of Vulcano Island (Eolie archipe-
lago) (Figure S1).

Heterocypris  incongruens displayed a variable
morphology (Figures S13 and S14 A, B). It was
present between 0 and 1500 m a.s.l., usually in
temporary waters, and with salinity values of up to
14 mS cm™! (Figure S3). Heterocypris reptans was
recovered from two temporary pools in the central
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Table III. Taxa with uncertain identification and their occurrence in sampling sites. Site codes as in Table 1.

Family Cyprididae Baird, 1845
Subfamily Cypridopsinae Kaufmann, 1900
Genus Cypridopsis Brady, 1867
Cypridopsis cf. elongata
CL015
Genus Potamocypris Brady, 1870
Potamocypris cf. arcuata
TP069, TP100, TP120
Potamocypris cf. villosa
MEO007
Subfamily Cyprinotinae Bronshtein, 1947
Genus Heterocypris Claus, 1892
Heterocypris cf. incongruens
SR054
Heterocypris cf. rotundata
PA057, PA112
Heterocypris sp. 1 (Figure S15)

AGO024, AG025, AG096, AG100, AG101, AG102, AG103, SR055A, SR055B

Heterocypris spp. (Figure S14 C-H)

AGO010, AG091, AG100, AG101, AG102, AG103, PA025, SR039, SR055B, TP029,

TP164
Family Candonidae Kaufmann, 1900
Subfamily Candoninae Kaufmann, 1900
Tribe Candonini Kaufmann, 1900
Genus Fabaeformiscandona Krsti¢, 1972

Fabaeformiscandona cf. holzkampfi (Figure S18 E)

TP079
Genus Neglecandona Krsti¢, 2006
Neglecandona gr. neglecta

AGO084, CL023, CT020, ME0O1, ME056, PA103A, TP038

Genus Pseudocandona Kaufmann, 1900
Pseudocandona sp.
MEO070, TP078
Family Ilyocyprididae Kaufmann, 1900
Subfamily Ilyocypridinae Kaufmann, 1900
Genus Ilyocypris Brady and Norman, 1889
Ilyocypris sp.

AGO036, AG058, AG084, TP038

Ilyocypris cf. decipiens
AGO034

part of Sicily. Heterocypris salina was present only
in the southern part of the island and in the
Pelagie Islands, in ponds on carbonate and clay-
gypsum deposits and in sites with variable, but still
high salinities (Figure S4). In some cases, the
specific allocations of Heterocypris specimens were
not possible, because of marked differences in
valve morphology from those of the described spe-
cies of this genus (Figure S14 C-H). In particular,
specimens reported here as Heterocypris sp. 1 show
some affinities with H. salina, from which they
differ nevertheless by a more rounded dorsal mar-
gin and a pronounced bend at the postero-dorsal
margin of the carapace (Figure S15).

Apart from three permanent (but astatic) water
bodies, Eucypris virens (Figure S17) was exclusively
found in temporary waters. It occurred mostly in

low mineralized waters, but also at higher conduc-
tivity values, up to 38 mS cm~!. This species
showed high morphological variability in valve
shape and size. Eucypris mareotica (Figure 5) was
collected from low altitude sites along the southern
and western coast of the island, always on carbonate
rocks (Figure S6). It was usually found alone in
temporary sites with high salinity, rarely associated
with Eucypris wvirens and Sarscypridopsis aculeata.
Also, Eucypris kerkyrensis (Figures S6 and S16) was
found exclusively in temporary habitats with varying
salinity and lithological characteristics, and often co-
occurring with Eucypris virens.

Tonnacypris lutaria was mainly found at intermedi-
ate altitudes in the internal parts of Sicily, but it was
also reported from Favignana (Egadi Islands) and
Ustica. It typically inhabits temporary environments
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Figure 3. Ostracod taxa diversity found in studied sites.

Figure 4. A, B: Cypria subsalsa; C-E: Physocypria kerkyrensis A: VP1752, ad @, LViv; B: VP1752, ad ¢, RViv; C: VP1757, ad @, CpRlv; D:
VP1751, ad @, LViv; E: VP1751, ad 9, RViv. Scale bar: 300 um for A, B; 318 pum for C-E.

with low to medium electric conductivity, usually
<1 mS cm™! (Figure S7).

The genus Neglecandona had a distribution
restricted to the northern part and inner areas of
mainland Sicily, usually at medium-high elevation.
Neglecandona lindneri (Figure S18 A-D) occurred
in three temporary sites with very low conductivity
(ranging from 40 to 193 uS cm™') and between
787 and 1312 m a.s.l. and in a rather restricted

area of northern Sicily. Neglecandona neglecta
showed a more scattered distribution in temporary
sites with different lithological characteristics
(Figure S8).

The genus Ilyocypris had the highest number of
identified species. It was not found in the north-
eastern part of the study area (Figures S9 and
S10). The most common species were Ilyocypris dec-
ipiens (Figure S19 C, F) and Ilyocypris gibba (Figure
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Figure 5. Eucypris mareotica. A: VP1796, ad @, LViv; B: VP1796, ad @, RViv; C: VP1797, ad &, LViv; D: VP1797, ad &, RViv. Scale bar:

438 pm.

S19 G-H), occurring in nine and seven sites, respec-
tively, whilst Ilyocypris brady: (Figure S19 A, B),
Ilyocypris getica (Figure S20) and Ilyocypris inermis
(Figure S10) had a rather sporadic distribution.
Ilyocypris decipiens was collected in sites with med-
ium-high salinity, often with species of the genus
Eucypris and/or Heterocypris incongruens, but showed
no clear preferences for habitat types or lithological
conditions. Ilyocypris gibba, on the other hand, was
recorded in areas with carbonate rocks or clay-
gypsum deposits.

Tyrrhenocythere amnicola (Figure S21) was found
in four sites located in two lotic systems in the
south-eastern part of Sicily (Figure S11).

Discussion

The Recent non-marine ostracod fauna of Sicily
comprises at least 46 (morpho) species and 28 gen-
era (Tables II and III). This already remarkable
diversity, which is the result of extensive surveys in
several different inland water ecosystems, is likely to
be further increased for several reasons. Some taxa
were not identified at species level when samples
contained only damaged material or female speci-
mens for species whose identification relies on male
sexual characters. For other taxa, which are charac-
terized by large morphological plasticity and/or by
the presence of “cryptic” or “pseudo-cryptic” spe-
cies (e.g. Bode et al. 2009; Lajus et al. 2015), the
achievement of higher taxonomic resolution inevita-
bly also requires a molecular approach. It is also
known that valve morphology in some non-marine

ostracod species may be influenced by environmen-
tal conditions or reproductive strategies (Yin et al.
1999; Bellavere et al. 2002; Ramos et al. 2017). In
the case of the genera Eucypris and Heterocypris, we
have often found morphotypes whose valves differed
considerably from the typical form of described spe-
cies and which could potentially be erected as new
species. The criterion that we followed was to con-
servatively accommodate, whenever it seemed
applicable, the specimens within existing species
and, for Heterocypris, also at higher taxonomic
ranks when doubts about identification still
remained. Martens et al. (2002) already indicated
that hybridisation between circum-Mediterranean
Heterocypris species in which males occur can lead
to various hybrid strains with aberrant or intermedi-
ate morphologies.

In addition, hypogean habitats were marginally
represented in this and previous studies, although
in Sicily about 20% of the land area consists of
carbonates and evaporites, primarily gypsum, with
complex karst systems and a wide variety of ground-
water environments (Di Maggio et al. 2012) that
presumably host rare or even potentially endemic
ostracod species, as reported for other freshwater
crustacean groups (Cottarelli et al. 2012; Bruno
et al. 2018). It must also be considered that most
of the sites of this study were sampled on a single
occasion each; therefore, we might have underesti-
mated their actual diversity, which could vary on
a seasonal basis, especially in those water bodies
with a longer hydroperiod (see, for example,
Martens et al. (1992) on Mamilla Pool in Israel).
Furthermore, in  temporary  Mediterranean
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ecosystems, the interannual variability in inundation
conditions may favour the emergence of different
species of aquatic invertebrates over time
(Florencio et al. 2020).

Candona angulata and Limnocythere stationis were
found in Holocene deposits of Lago Preola
(TPO11) and Gorgo Basso (TP079) (Curry et al.
2016), but so far never as living ostracods in
Sicily.

The absence of detailed data on water quality and
other characteristics of the sampled sites do not
allow us to thoroughly investigate potential relation-
ships between ostracod species occurrence and
environmental variables. As expected, the most
common and tolerant species with a circum-
Mediterranean to Palearctic or Holarctic distribu-
tion (e.g., Eucypris virens, Heterocypris incongruens,
Tonnacypris lutaria) did not show definite distribu-
tional patterns (Figures S3, S5 and S7). Conversely,
other species seemed to be more restricted in their
distribution range within the study area in relation
to habitat duration, lithology or conductivity (e.g.,
Heterocypris  reptans,  Plesiocypridopsis  newtont,
Potamocypris arcuatra). In some cases, species showed
a marked distributional differences: for example,
Eucypris  kerkyrensis, Eucypris mareotica, and
Heterocypris salina occurred in the southern part of
the study area (Figures S4 and S6); Sarscypridopsis
aculeata, Plesiocypridopsis newtoni and species of the
genera Ilyocypris and Potamocypris were found in the
south-western part, and the genus Neglecandona in
the north-central part of mainland Sicily (Figures
S1, S2, 88, S9 and S10). This localized distribution
of ostracod species may be explained by different
local climatic conditions of Sicily, which can be
roughly divided into northern, southern and eastern
distinct macro-areas based on their climate and phy-
siography. The northern one, mostly characterized
by humid to temperate-humid conditions, has sig-
nificantly higher values of annual average precipita-
tion and lower annual average temperatures. Similar
climatic conditions are also locally found in different
mountainous areas, for example in the Iblei and
Sicani mountains, respectively in south-eastern and
central-western parts of the island. The climate of
the remaining areas ranges from warm-temperate to
semi-arid conditions (Duro et al. 1997; Liuzzo et al.
2015). In addition, the orography shows marked
differences between the northern portion, which is
mainly mountainous, the central-southern and
south-western ones, which are essentially hilly, the
plateau in the south-eastern area, and the volcanic
area in eastern Sicily (Drago 2005).

Different barycentres in the distribution areas of
the Sicilian non-malacostracan crustacean fauna are
determined by a marked ecological segregation but
are also the result of repeated colonization and
extinction events driven by climatic fluctuations
from the Plio-Pleistocene to Recent (Marrone et al.
2009).

According to our results, the main colonization
route for thermophilous species adapted to cope
with dry and fluctuating conditions which are com-
mon in the southern part of Sicily, currently seems
to originate from the temperate part of northern
Africa. On the other hand, apart from few excep-
tions represented by relict taxa inhabiting mountai-
nous areas (e.g., the genus Neglecandona), the
absence of typically temperate ostracod species in
the most humid and coolest parts of the island sug-
gests that these did not behave as effective refugia
for most “northern” ostracod taxa, which have likely
colonised Sicily during the cooler (glacial) periods of
the Pliocene and the Pleistocene, but later have gone
extinct due to the climate changes linked with the
current inter-glacial phase. Also, extremely eurye-
cious ostracod species, e.g. Cypridopsis vidua,
Cyclocypris ovum, and Cypria ophtalmica, which are
widespread and very common in peninsular Italy
and in other European regions (Meisch 2000; Pieri
et al. 2015), occur in a relatively low number of
Sicilian sites.

The above-described pattern is in sharp contrast
with the evidence collected for other crustacean
groups, e.g. copepods, whose Sicilian fauna is charac-
terised by the presence of a significant quota of relict
taxa with northern or north-eastern affinities (Marrone
et al. 2009). However, this hypothesis needs to be
substantiated further by a phylogeographic approach,
also based on molecular data.

Also the absence of endemic ostracod taxa in
epigean water bodies of Sicily can be related to its
colonization history, which seems not to have
allowed the long-term in situ persistence of pre-
Quaternary inland water crustacean dwellers
owing to Pleistocene climatic upheavals (Marrone
et al. 2009; Vecchioni et al. 2017). An interesting
species encountered in the study area is Vestalenula
boteai (Figures 6 and 7), whose known extant dis-
tribution was so far restricted to Romania
(Danielopol 1970) and Turkey (Kilkoylioglu
et al. 2015, 2020). The genus Vestalenula is the
most species-rich within the putative ancient asex-
ual ostracod family Darwinulidae, which has repre-
sentatives on all continents, except Antarctica
(Schon et al. 2012; Pinto et al. 2013). The other
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Figure 6. Vestalenula boteai. A: GR0785, ad ¢, LViv; B: GR0785, ad ¢, RViv; C: GR0791, ad @, LViv; D: GR0791, ad @, RViv; E:
GRO0791, ad @, RVev; F: GR0791, ad @, LVev; G: VP1753, ad @, CpVv (arrow indicates the position of the keel); H: GR0785, ad 2,
LViv, detail of central muscle scars; I: GR0785, ad ¢, LViv, detail of antero-ventral internal tooth; J: GR0783, ad @, RViv, detail of keel
on posterior part of ventral margin. Scale bar: 200 um for A-G; 70 um for H; 49 pm for I; 29 pm for J.

Recent European species of this genus, Vestalenula
carveli, was described from southern France
(Artheau 2007). In the Mediterranean area, other
two species, previously left in open nomenclature,
were reported: Vestalenula sp. B from Tunisia
(Danielopol 1980) and Vestalenula sp. C from
Israel (Rossetti & Martens 1999). Fossil represen-
tatives of this genus were reported for Italy from the
Neogene (e.g., Ligios et al. 2009; Spadi et al. 2019).

Eucypris mareotica, a widespread species typical of
saline and hypersaline habitats, occurred in 11 sites.
In previous surveys carried out in Italy and adjacent
islands, this species was likely misidentified as
E. wirens. Marchegiano et al. (2018) recorded
Eucypris mareotica in the Late Pleistocene sediment
of Lake Trasimeno (central Italy). Also, Eucypris
kerkyrensis was possibly confused with E. ovirens
from which it differs mainly by the slightly beak-
shaped anterior end of the carapace in ventral and
dorsal view. Based on this character, we retained
E. kerkyrensis as a valid species, although we fully
agree with Meisch (2000) that E. kerkyrensis needs
to be redescribed.

Cypria subsalsa is a Palearctic freshwater ostracod
which tolerates oligohaline brackish water. It is
known from inland and coastal localities in
Belgium (Wouters 1984), Netherlands (Wouters
2018), Germany (Vopel & Arlt 1995; Scharf &
Viehberg 2014) and Poland (Bak & Szlauer-
Fukaszewska 2012). Its occurrence in two sites of
south-western part of Sicily may possibly be attribu-
table to long-range dispersal through waterfowl
(Horne & Smith 2004; Valls et al. 2017), although
it is also possible that the currently known distribu-
tion range of the species is incomplete, and that
further surveys will prove that the occurrence in
Sicily is not disjunct from the currently known core
distribution of the species. In the same sites, we also
found Physocypria kerkyrensis and Candonocypris
novaezelandiae. Physocypria kerkyrensis was first
reported from Corfu (Klie 1936) and later from
Skadar lake (Petkovski 1961). Available records sug-
gest a circum-Mediterranean distribution of this
species. Candonocypris novaezelandiae was first
described for New Zealand and afterwards recorded,
most likely as alien invasive species, in different
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Figure 7. Vestalenula boteai, GR0791. A: Al; B: A2; C: mandibular palp; D: first thoracopod; E: second thoracopod; F: third thoracopod;
G: end of body (h: hook-like process on Al; exo: exopodite on A2; Ac: ventral aesthetasc clump on A2; a, b, ¢, sl, s2, w, X, , z, z1, G1-3,
GM, Gm: specific setae on limbs; y1-3: aesthetascs on A2; pd: 'poil darwinuloide'; CR: caudal rami; P-abd: post-abdomen; FRO: female

reproductive organ). Scale bar: 50 um.

biogeographic regions. The presence of this non-
native species was recently reported for North
Africa and Europe (Scharf et al. 2014).

Another non-native ostracod found in this study was
Isocypris beauchampr; this species of Afrotropical origin
was introduced in Canada, South America and several
European countries, including Italy (Meisch 2000),
and Sicily (Pieri et al. 2015). Fabaeformiscandona sub-
acuta, a globally widespread species, in Europe was so
far reported only from the Iberian Peninsula (Escriva
et al. 2012) and Sicily (Curry et al. 2016).

Naselli-Flores and Marrone (2019) hypothesised
that Sicilian seasonal ponds and streams are nearly
immune to invasions by alien species, whereas perma-
nent natural waterbodies and reservoirs actually act as
invasion hubs for freshwater invaders. This is corro-
borated by the presence of Candonocypris novaezelan-
diae and Fabaeformiscandona subacuta in permanent
water bodies, and of Isocypris beauchampt in a highly
disturbed pond, whose hydroperiod is regularly
altered by the artificial immission of water for the
cattle. However, the paucity of records of non-native



ostracod species in Sicily does not allow, to date, to
extrapolate a general pattern for this group. Our
results demonstrate that the proportion of ostracod
species originating from diverse biogeographical
areas did not significantly differ from that recorded
for Italy (Gherardi et al. 2008). Interestingly, in spite
of the widespread presence of the non-native crayfish
Procambarus clarkii (Faraone et al., 2017), to date, no
entocytherid ostracods (common as commensals on
decapod crustaceans) were collected from Sicily
(Aguilar-Alberola et al. 2012).

Conclusions

The central position in the Mediterranean Sea and
the complex geological events that caused repeated
episodes of connection and isolation of Sicily with
respect to the surrounding regions (Cazzolla Gatti
et al. 2018) account for its interest from
a biogeographical perspective.

Sicily hosts a very diverse invertebrate fauna and
a large number of endemic taxa compared to its
relatively small surface area (Stoch 2000). This is
only partly true for inland water ostracods: Sicily
and surrounding islands host about a quarter of the
non-marine ostracod species known from Italy, but
no endemic species were thus far observed in surface
waters. However, it is possible that accurate mor-
phological and molecular analyses will lead to the
identification of endemisms within “problematic”
genera, such as Eucypris and Heterocypris.

To date, only three non-native ostracod species
are known to occur in Sicily, i.e. Candonocypris
novaezelandiae, Isocypris beauchampi and
Fabaeformiscandona subacuta; these species seem to
have a limited distribution in the study area, thus
not behaving as successful invasive taxa.

The new data from the present study provide
a solid foundation for further comparative faunal
studies aimed at investigating the affinities and ori-
gins of the central Mediterranean inland-water
ostracods and allow us to generate preliminary
hypotheses on biogeographic scenarios. The results
of the present survey were also used to test some
ecological factors that may influence the distribution
of ostracod taxa.

Although traditional limnological investigations
scarcely consider “marginal” aquatic habitats, such
as temporary ponds, the present study confirms their
importance for the conservation of non-marine
ostracods and, more generally, of the invertebrate
fauna (Rossetti et al. 2006; Boix et al. 2016). This
is even more evident in predominantly arid areas
such as Sicily, where temporary and man-made
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habitats are by far the most common type of aquatic
ecosystems. The predicted increase of warm and dry
periods in the Mediterranean climatic regions, and
as a consequence a higher water withdrawal for
agricultural use, will probably alter the hydrological
regimes and will lead to the disappearance of many
temporary aquatic systems and their faunal compo-
nents (Fenoglio et al. 2010; Liuzzo et al. 2015).
This calls for urgent actions and mitigation mea-
sures to ensure the persistence of these key ecosys-
tems and their biotic communities in the face of
multiple interacting stressors (Alvarez Cobelas
et al. 2005).
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