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Abstract

Subterranean environments harbour a diverse yet understudied ostracod fauna, particularly within the family Candonidae, 
which poses significant taxonomic challenges due to subtle morphological traits that require careful examination to 
differentiate genera and species. The genus Schellencandona, composed predominantly of stygobiotic species, currently 
includes 15 described species, many of which are endemic, while a few may have potential intercontinental distributions. 
This genus is characterized by considerable variability in the morphology of valve and carapace, along with homoplastic 
similarities to other subterranean candonid species. In contrast, the morphology of the soft parts is highly conservative across 
species, offering a more stable basis for taxonomic identification. This study reports the first confirmed records of living 
Schellencandona species in Italy, including one species new to science, for which a detailed morphological description of 
both valves and soft parts is provided. The second recorded taxon closely resembles a species previously reported from 
Germany and more recently from Turkey. Both species were collected from the interstitial habitats of hydrologically-
dynamic river stretches and exhibit highly localized distributions. These findings suggest that Schellencandona may 
have a greater species diversity than currently recognized in Italy, where research on ostracods inhabiting groundwater 
and groundwater-dependent ecosystems remains limited compared to other European countries. In addition, this study 
provides a comprehensive review of the literature concerning the geographical distribution and habitat preferences of 
Schellencandona species. However, the potential to explore biogeographic patterns within the genus remains constrained 
by the general lack of illustrations accompanying existing records, which hinders the validation of their taxonomic 
assignments.

Key words: Interstitial ostracods, morphology, taxonomy, geographical distribution, Toncina Stream, Po River, 
Schellencandona antoniae sp. nov.

Introduction

The class Ostracoda Latreille, 1802 is an example of an evolutionarily successful group of crustaceans, notable for 
its temporal persistence (having appeared as early as the late Cambrian, Siveter et al. 2024), its ability to colonise 
a wide range of aquatic environments, both marine and continental (Horne 2003), and its high species diversity, as 
indicated by several databases (Huang et al. 2022). All extant non-marine ostracods belong to the order Podocopida 
G.O. Sars, 1866, which currently includes more than 2,400 species and approximately 300 genera (Meisch et al. 
2024). Of these species, over 400 have been newly described between 2004 and 2023, reflecting both a vibrant 
interest in the taxonomic study of non-marine ostracods and the fact that our current understanding of their diversity 
remains significantly incomplete. This gap in knowledge is particularly pronounced for subterranean environments, 
where a remarkable level of ostracod diversity is anticipated, based on the results of the relatively limited research 
conducted to date.
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A substantial proportion of subterranean ostracods belong to the family Candonidae Kaufmann, 1900, within 
which Meisch et al. (2024) identified eight subfamilies and 53 genera, many of them displaying high rates of 
endemism and are predominantly or exclusively stygobiotic species. Despite the significant progress achieved 
in recent years, partly aided by molecular techniques (e.g. Hiruta et al. 2016, Wysocka et al. 2019), numerous 
taxonomic and systematic issues within the Candonidae remain unresolved. This is largely due to the differentiation 
of species being based on often subtle diagnostic morphological characters which were often overlooked in the 
descriptions and drawings of earlier literature. Moreover, for subterranean species, morphological traits such as 
limb chaetotaxy and/or valve size and shape—the latter traits that are the primary diagnostic features used for the 
classification of fossil ostracods—may exhibit homoplastic similarities as adaptive responses to the conditions of 
the subterranean environment (Iepure et al. 2023).

Schellencandona Meisch, 1996 is a predominantly groundwater genus of the subfamily Candoninae Kaufmann, 
1900, with a Palearctic distribution. The genus was established to accommodate species previously assigned to 
the schellenbergi-species group within the genus Pseudocandona Kaufmann, 1900 by Danielopol (1978), due to 
the presence of distinctive soft part features, small carapace size, and the absence of eye pigment, all of which 
confirm their status as a separate phylogenetic lineage. The genus Schellencandona (Table 1) currently includes 15 
formally described species (Meisch et al. 2024, Issartel & Marmonier 2025a, 2025b), although Schellencandona 
mira (Sywula, 1976) requires re-description, and its potential synonymy with other congeneric species needs to be 
evaluated (Meisch et al. 2024). The morphology of the valves in Schellencandona is highly variable, ranging from 
reniform to trapezoidal or triangular shapes, with intermediate forms. The surface of the valves can be either smooth 
or pitted. This variability poses significant challenges in assigning specimens to the genus when the diagnostic 
characteristics of the appendages are unavailable as in the fossil record.

The previous records of recent specimens of Schellencandona for Italy are those of Pieri et al. (2009) and 
Melis et al. (2012), both from Friuli Venezia Giulia Region (NE Italy). The material described by Pieri et al. (2009) 
is stored in the first author’s ostracod collection at the University of Parma, Italy, consisting of two specimens 
(labelled as VP0602, an adult male, and VP0630, an adult female) collected from a spring in the Province of Udine; 
both individuals were used for SEM (Figs 5A–C in Pieri et al. 2009). Their soft parts (not illustrated in Pieri et al. 
2009) are also available in the same collection. These specimens were re-examined by the first author. The valve 
size (approximately 0.68 mm), the presence of a well-developed umbo on the dorsal margin of the left valve, and 
especially the morphology of the hemipenes indicate that these specimens belong to a new species within the genus 
Marmocandona Danielopol, Namiotko & Meisch, 2012, which will be formally described elsewhere.

Melis et al. (2012) frequently found specimens assigned to Schellencandona sp. in palaeoenvironmental 
sequences dating back to the Roman era in the city of Trieste. The adults are approximately 0.60 mm long, with the 
surface of the valves finely pitted (see Figure 8 of Plate II in the aforementioned paper). However, the attribution of 
these specimens to Schellencandona cannot be confirmed with certainty. In fact, although the valve size corresponds 
to the upper limit of the length range for the species described in this genus, similar carapace shapes (as seen in 
lateral view) occur in several genera of Candoninae.

In this contribution, we report on two living species belonging to the genus Schellencandona collected in Italy. 
In the first case, we offer a detailed description of the morphology of the valve and of the soft parts and assign 
the specimens to a new species. In the second case, we analyse the only available specimen that exhibits notable 
similarities to a species previously reported in Germany in different studies and more recently also in Turkey. 
Additionally, we provide detailed notes on the geographical distribution of all known recent and fossil species of the 
genus Schellencandona. These notes are complemented by information on habitat preferences and a comprehensive 
account of published illustrations of the examined material, all based on an exhaustive review of the available 
literature.

Materials and methods

Site description and sampling methods 

The specimens were collected from the interstitial zone of a small watercourse in the northern Apennines, the 
Toncina Stream, and from the piedmont section of the Po River in the western Italian Alps.
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The Toncina Stream rises on the slopes of Mount Pelpi and follows a course of roughly 8 km before joining 
the Ceno River. At Fornovo Taro, the Ceno River merges with the Taro River, which subsequently feeds into the Po 
River. The Toncina Stream has a torrential flow pattern, marked by reduced water levels in summer and occasional 
periods where surface flow ceases entirely. The sampling station is in a braided channel characterized by riffle-run-
pool habitat sequences, with sediment sizes ranging from pebble-cobble gravel to boulders.

The collecting site in the upper basin of the Po River is located in a weakly braided reach affected by periodic 
episodes of drought, where the sediment consists mainly of cobbles and gravel (see Bruno et al. 2020, for further 
details).

Specimens were collected by filtering water pumped from the hyporheic zone. In the Toncina Stream, samples 
were collected with a Bou-Rouch pump, reaching about 50 cm below ground level, by filtering 20 L (July 13 and 
August 3, 2018) of water with a 100 µm mesh plankton net, or volumes between 10 and 60 L (May 11 and November 
16, 2024) with a 50 µm mesh plankton net. In the Po River, a flexible plastic hose connected to an electric pump and 
generator was inserted into a piezometer, collecting 40 L of water from about 1 m below ground level; water was 
filtered using a 100 µm mesh plankton net. All samples were preserved in 90% ethanol in the field.

Morphological methods 

In the laboratory, the samples were sorted for invertebrates under a MOTIC SMZ 168 stereomicroscope. The 
ostracods were dissected, with soft parts mounted in glycerine and sealed in permanent glass slides, while the valves 
were stored dry in micropalaeontological slides. Line drawings of the soft parts were made using a Zeiss Standard 
25 light microscope with a camera lucida. Digital images of carapaces and valves were obtained using a scanning 
electron microscope (ZEISS EVO MA10 - SEM). The chaetotaxy of the soft parts follows Meisch (2000).

The type material of Schellencandona antoniae sp. nov. and the specimen of Schellencandona cf. insueta are 
deposited in the crustacean collection of the La Specola Museum of Natural History, Zoology Section, Florence, 
Italy; the number following the acronym MZUF indicates the collection number of the deposited specimens.

The following abbreviations are used throughout the text and figures: Valves. Cp: carapace; RV: right valve; 
LV: left valve; L: length, H: height; iv: internal view; ev: external view. Soft parts. A1: antennule; A2: antenna; 
Md: Mandible; Mx1: maxillule; T1: first thoracopod (maxilliped); T2: second thoracopod (walking leg); T3: third 
thoracopod (cleaning leg); CR: caudal ramus; exo: exopodite on A2; α: seta on A1; ya: aesthetasc on A1; t1-3 and 
z1-3: setae on A2; Y and y1-3: aesthetascs on A2; G1-3, GM, Gm: claws on A2; f, g and h1-3: setae and claws on T2 
and T3; d1-2 and dp: setae on T3; Sa and Sp: anterior and posterior setae on CR; Ga and Gp: anterior and posterior 
claws on CR.

TAXONOMIC RESULTS

Taxonomic account (after Meisch et al. 2024)

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 Candonidae Kaufmann, 1900

Subfamily Candoninae Kaufmann, 1900
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Genus Schellencandona Meisch, 1996

Diagnosis of the genus Schellencandona (modified after Meisch 1996, 2000)
Carapace small, 0.4–0.6 mm long. Valves trapezoidal, subtrapezoidal, triangular or reniform, in some species LV 

and RV strongly asymmetrical in lateral view. Valves smooth or with shallow pits. Eye pigment absent. Male antenna 
dimorphic: penultimate segment subdivided and with male bristles (t2 and t3-bristles transformed). Setal group on 
the second segment of the mandibular palp with three setae; externo-distal seta (gamma-seta) of the penultimate 
segment smooth. Mx respiratory (branchial) plate with two setae. Cleaning leg: basal segment (protopod) with two 
setae (d1 and dp); penultimate segment with one distal seta (seta g); terminal segment with one short (h1) and two 
long setae (h2 and h3). Zenker organ with four+two rings of spines. M-process of the penis very flat.

Schellencandona antoniae sp. nov. 
urn:lsid:zoobank.org:act:674BF31E-7B0A-4F89-B1C9-37F83E38CFAA
(Figures 1–3)

Type locality. Toncina Stream, approximately 600 meters upstream of its confluence with the Ceno River, near 
the locality of Molino dei Belli, in the municipality of Bardi, Parma, Italy. Latitude 44°35’39.9”N, longitude 
9°42’15.8”E, elevation about 430 m a.s.l.

Type material. Holotype: adult ♀ (MZUF726, LV: L=575 µm, H=360 µm; RV: L=564 µm, H=311 µm) collected 
on July 13, 2018: soft parts dissected in glycerine in a sealed slide, valves stored dry in a micropalaeontological 
slide. Paratypes: adult ♀ (MZUF727, Cp: L=550 µm, H=340 µm) collected on August 3, 2018: soft parts dissected 
as the holotype, valves lost during dissection; adult ♀ (MZUF728, LV: L=543 µm, H=332 µm; RV: L=539, H=298 
µm) collected on July 13, 2018: soft parts dissected as the holotype and valves stored dry in a micropalaeontological 
slide; adult ♀ (MZUF729, RV: L=533 µm, H=299 µm) collected on November 16, 2024: isolated RV stored dry in 
a micropalaeontological slide. The specimens were collected by Linda Faè in 2018 and by GR in 2024.

Etymology. This new species is dedicated to, and named, in honour of Antonia Cavalieri, a passionate naturalist 
devoted to the preservation of the environment and biodiversity, who also happens to be the beloved wife of the 
first author.

Description of female. Valves trapezoidal in lateral view (Fig 1A–B, G). LV larger than RV. Greatest H slightly 
less than ½ L and located slightly behind mid-length. Greatest L below mid-height. Anterior margin broadly rounded, 
posterior margin narrowly rounded. Dorsal margin straight, tapering posteriorly, gently arched on LV, posteriorly 
slightly sloping, more steeply than anteriorly. On RV, anterior cardinal angle slightly concave. Reticulate surface 
organized in strongly calcified polygonal muri and smooth fossae. Normal pore canals simple. Hinge adont (Fig 1C–
D, E): LV with smooth groove; RV with smooth bar. In internal view (Fig 1C–D, E), calcified part of inner lamella 
wide anteriorly. Ventral margin of LV with slight but distinct convexity in the middle, complementary expansion of 
selvage on RV. Central muscle scar arrangement as characteristic for Candoninae (Fig 1F).

A1 seven-segmented (Figure 2A); first segment bearing a seta along ventral margin and two long, apical-dorsal 
setae of similar length; second and third segments with one ventral seta each, both slightly exceeding and reaching 
the margin of next respective segment; fourth and fifth segments with one long apical-ventral seta and one tiny 
apical-dorsal seta each; sixth segment with three long apical setae, one tiny apical-dorsal seta and seta α slightly 
exceeding the margin of next segment; seventh segment with a long aesthetasc ya and three apical setae, two of 
which very long and the most dorsal one as long as about the last two segments together.

A2 (Figure 2B): protopodite two-segmented, first segment (not shown) with two ventro-apical setae and one 
long dorsal seta, second segment with long subapical seta on ventral edge. Exo with long seta reaching 4/5 of next 
segment and two tiny setae, the ventral-most one with enlarged base. Endopodite three-segmented; first segment 
with aesthetasc Y inserted just below half of ventral margin and reaching approximately to distal edge of same 
segment, and two ventro-apical setae, the longest one extending slightly beyond distal margin of last endopodal 
segment, and about 2.5 times as long as the other; second endopodal segment with seta at mid-dorsal margin just 
surpassing distal end of segment, aesthetasc y1 proximally on ventral margin, three unequal t setae inserted about 
mid- segment, three short z setae, dorso-apical claws G1 and G2 with length ratio c. 4:1, apical-ventral claw G3 
reaching to tips of claws G1 and GM, aesthetasc y2 barely exceeding distal margin of next segment; last endopodal 
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segment distally with claw Gm and GM in a ratio of 1 to 2, and more ventrally aesthetasc y3 with thin accompanying 
seta; GM about twice as long as combined length of last two endopodal segments; g seta not observed.

Md (not shown): palp four-segmented; first segment with long seta, S1 seta slightly longer than former one, 
short alpha seta and S2 seta short and stout on distal part of ventral margin; second segment with ventrally three 
long, subequal setae (setal group), a short beta seta and an additional seta extending to just before distal end of last 
segment, and two dorsal setae of different lengths in subapical position; apical part of third segment with three 
dorsal setae, a ventral seta and centrally a gamma seta long and smooth; last segment with two ventral setae and two 
dorsal claws, the innermost one stout and with enlarged base. Coxa narrow.

FIGURE 1. A–D: Schellencandona antoniae sp. nov. adult ♀ (MZUF726); E–G: Schellencandona antoniae sp. nov. adult ♀ 
(MZUF728); H–J: Schellencandona cf. insueta adult ♀ (MZUF730). A, LV ev. B, RV ev; C, LV iv. D, RV iv. E, RV, iv. F, detail 
RV iv, detail of the central muscle scar. G, RV ev. H, RV iv. I, RV ev, detail of the surface ornamentation. J, RV ev. Scale bar: 
200 μm for A–E, G, H, J; 100 μm for F; 40 μm for I.
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FIGURE 2. A–D: Schellencandona antoniae sp. nov. adult ♀ (MZUF728); C: Schellencandona antoniae sp. nov. adult ♀ 
(MZUF727). A, A1. B, A2. C, Mx. Scale bar: 50 μm.

Mx (Figure 2C): palp two-segmented; first segment bearing four setae of which three in outer position and one 
more central; second segment with two robust, long setae and four shorter, thinner setae.

T1: damaged in the available specimens.



Occurrence of Schellencandona in Italy Zootaxa 5723 (2) © 2025 Magnolia Press  ·  199

FIGURE 3. A, B, D: Schellencandona antoniae sp. nov. adult ♀ (MZUF728); C: Schellencandona antoniae sp. nov. adult ♀ 
(MZUF726). A, T2. B, T3. C, CR. D, CR attachment. Scale bar: 50 μm.

T2 (Figure 3A): five-segmented; basis (not shown) perhaps lacking d1 seta; second segment with antero-distal 
seta e; third and fourth segments weakly subdivided, with f and g seta respectively; last segment with h1 seta slightly 
shorter than bearing segment, stout apical h2 claw about six times longer than terminal segment and tiny h3 seta in 
subapical, posterior position.

T3 (Figure 3B): protopodite with short d1 seta and long dp seta, the latter exceeding distal end of next segment; 
endopodite with three segments; first endopodal segment without setae, second segment with subapical g seta; third 
segment with three setae: h1 short, h2 strong and h3 long and thin, with length ratio approximately 1:2.7:3.1.

CR (Figure 3C): rami stout, with long seta sp and strongly reduced seta sa; terminal claws robust and serrated, 
Ga length approx. 1.2 times Gp and 0.9 times the ramus length.

CR attachment (Figure 3D): straight, branched at both ends.
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Eye pigment absent.
Description of male. Male unknown.
Accompanying ostracods. One specimen of Cypria ophtalmica (Jurine, 1820) and an unidentified ostracod 

larval stage collected on 4 July 2018.
Remarks
Schellencandona antoniae sp. nov. is formally described here, despite only a few female specimens being 

available. We have chosen to proceed with the description as both valve and soft-part characteristics are provided, 
enabling us to clearly distinguish the new species from its congeners, even in the absence of important diagnostic 
features of the male which, although not found, is presumed to exist (see Discussion). Furthermore, repeated 
samplings at the type locality to collect additional specimens to be studied were unsuccessful.

Schellencandona cf. insueta 
(Figure 4)

A single adult female specimen (MZUF730) of the genus Schellencandona was found in a sample collected on 3 
July 2018 (MCB coll.) from the interstitial zone of the Po River, near the locality of Martiniana Po (Cuneo, Italy; 
latitude 44°39′16” N, longitude 7°19′27” E, 351 m a.s.l.). The specimen’s left valve was severely damaged prior 
to dissection, making it unsuitable for the taxonomic description. RV (Figures 1H–J) with straight dorsal margin 
slightly tapering towards posterior end. Evenly rounded anterior margin distinctly broader than posterior one, the 
latter gently tapering towards ventral corner. Surface covered by reticulate pattern organized in polygonal meshes, 
with weakly calcified muri and smooth fossae. The specimen shows notable similarity to Schellencandona insueta 
(Klie 1938) (see Figure 11, page 13 in Klie 1938a). The valves are also very similar in size (L=0.47 mm and 0.46 
mm, H/L 0.51 and 0.52 in the specimen studied here and in S. insueta, respectively). In Klie (1938a, 1938b), the 
valves of S. insueta are described as smooth and hairy, but no mention is made of a reticulate pattern, which is 
instead evident in the specimen from the Po River also when observed in transmitted light.

FIGURE 4. Schellencandona cf. insueta adult ♀ (MZUF730). A, T3; B, CR. Scale bar: 50 μm.
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Regarding the soft parts of the female of S. insueta, Klie (1938a) only published drawings of the cleaning leg 
and the furcal ramus. In the specimen examined here, the ratio between seta h1 and seta g of the cleaning leg is 
approximately 2:1 (Figure 4A), whereas in S. insueta the two setae are of similar lengths (Klie 1938a; Figure 15, 
page 14). Particularly interesting is the presence in the Po River specimen of two denticles and two rows of setulae 
on each of the two terminal claws of the furcal ramus (Figure 4B), similar to what is illustrated by Klie (1938a; 
Figure 16, page 14) for S. insueta. Notably, this feature is not detectable in any other known species of the genus 
Schellencandona.

The studied specimen contained bundles of sperm inside the carapace, indicating the presence of males at the 
sampling site.

Since only one specimen from the Po River was available and its preservation was insufficient, along with the 
lack of highly diagnostic male sexual characteristics, it seems advisable to refrain from fully confirming its specific 
status at this stage, despite the observed similarities to S. insueta. A more definitive verification will require the 
potential acquisition of additional material.

Discussion

Studies on subterranean ecosystems continue to reveal the existence of highly diverse communities, which hold 
significant value for exploring evolutionary processes and adaptation mechanisms (Boulton et al. 2023). Meanwhile, 
various shortfalls and impediments (Ficetola et al. 2019, Mammola et al. 2019) still severely restrict our knowledge 
of these faunas.

Research conducted in recent years has significantly increased both the number of species and the geographical 
distribution of the genus Schellencandona (Smith & Kamiya 2006, Karanovic & Lee 2012, Yavuzatmaca et al. 2015, 
Ma & Yu 2018, Juberthie et al. 2016, Issartel & Marmonier 2025a, 2025b), to which the records reported in the 
present article should be added. Schellencandona antoniae sp. nov. can be readily distinguished from all congeneric 
species by its valve morphology. Among species with pitted, triangular–trapezoidal valves, the most similar are 
Schellencandona triquetra Klie, 1936 and Schellencandona rhodanensis Issartel & Marmonier, 2025a; however, 
the new species differs from both by its considerably larger size (length 0.53–0.58 mm versus approximately 0.40 
mm in adult females) and by the shape of the dorsal, anterior and posterior margins of the valves. Schellencandona 
danielopoli Issartel & Marmonier, 2025 also exhibits small pits and a size comparable to S. antoniae sp. nov., but 
its carapace is distinctly triangular.

Despite these advancements, several critical aspects of this genus remain unresolved. One of the most persistent 
challenges lies in understanding the mechanisms and timeline associated with the colonisation of subterranean 
habitats. While neontological data provide important insights, the transition from surface to subterranean 
environments is complex and likely involved a combination of ecological, physiological and evolutionary factors 
that are still poorly understood. Compounding this issue is the difficulty in developing robust taxonomic tools 
that bridge the gap between living (neontological) and extinct (paleontological) species. Currently, taxonomic 
approaches tend to focus on extant representatives, relying on soft-part morphology and molecular data. However, 
these methods are inapplicable to fossil ostracod species, which are typically known only from calcified carapaces. 
As a result, there is a pressing need for integrative taxonomic frameworks that incorporate morphological characters 
observable in both fossil and living specimens. Without such tools, the accurate identification and classification 
of fossil Schellencandona species remain problematic, hampering our understanding of their evolutionary history 
and biogeographic patterns. Furthermore, the phylogenetic relationships among both extant and extinct species 
of Schellencandona are still not resolved. Fossil records have the potential to illuminate lineage divergence and 
historical distributions, but this potential remains underutilized due to taxonomic uncertainty, since in numerous 
scholarly contributions species identifications remain uncertain. To further complicate the situation, the valves—
and, for living species, the soft parts as well—have been illustrated and described in a limited number of studies 
(Table 1).

The oldest fossil records identified as Schellencandona date back to the Late Pleistocene (Table 1); however, 
the scarcity (and possibly even the reliability) of the available information does not allow to draw robust hypotheses 
regarding the origin of the genus and the timing of its invasion of subterranean waters. While the morphology of the 
soft parts remains consistent across different species, the high variability in the shape of the valves and carapaces, 



ROSSETTI et al.202  ·  Zootaxa 5723 (2) © 2025 Magnolia Press

as well as the homoplastic similarities with subterranean species of other candonid genera, greatly complicates 
the attribution of fossil taxa to Schellencandona. At present, no diagnostic valve characteristics derived from the 
analysis of living forms have been proposed that would permit the unambiguous assignment of fossil specimens to 
the genus.

As it commonly occurs in various ostracod lineages with representatives in subterranean waters, many species 
are endemic. This can certainly be explained by the fact that groundwater habitats act as sites of speciation and 
that dispersal in such habitat can be more limited compared to epigean environments (Malard et al. 2023). All 
species within the genus are assumed to reproduce sexually, with the probable exception of the Asian species 
(Schellencandona tea, Schellencandona dui Ma & Yu, 2018, Schellencandona yakushimaensis Smith & Kamiya, 
2006) and consequently have a lower colonization potential than parthenogenetic species.

Issartel & Marmonier (2025b) demonstrated that even at relatively small geographical scales and within the same 
hydrographic system, different Schellencandona species can be found as a result of hydrological and longitudinal 
gradients along river ecosystems, which foster speciation events. However, at least in part, the high incidence of 
endemic species in Schellencandona may be attributed to the limited availability of distributional data across vast 
regions, a pattern also observed in other groundwater crustaceans (Cottarelli & Bruno 2025). Conversely, certain 
species within the genus have been widely reported in several Central European and Mediterranean countries (i.e., 
S. triquetra and S. insueta), and possibly even in the eastern Palearctic (Schellencandona belgica (Klie, 1937)). The 
identification of Mixtacandona/Schellencandona sp., reported by Knight (2013, 2017) from the United Kingdom, 
remains highly uncertain due to the absence of both morphological description and illustrations, and is therefore 
excluded from further consideration (Table 1).

Although information on the ecology of species within the genus Schellencandona is extremely scarce, 
differences in their distribution ranges can plausibly be attributed to varying degrees of tolerance and adaptation to 
environmental conditions. For instance, Issartel & Marmonier (2025a, 2025b) have linked the presence of certain 
interstitial species within this genus to factors such as water temperature, oxygen content, and habitat characteristics, 
noting distinct preferences for specific depths within the riverbed and for upwelling or downwelling zones. Indeed, 
the two species recorded in this study were collected in river stretches characterized by hydrological intermittence 
(Burgazzi et al. 2017, 2018; Bruno et al., 2020). The specimens of Schellencandona antoniae sp. nov. were collected 
from the Toncina Stream in 2018, a high precipitation year, but with a reduction in rainfall in June–July; water was 
upwelling from the hyporheic zone to the surface in July, and downwelling in August (MCB, unpublished data). 
Intermediate flow rates were observed during the 2024 surveys; however, no data are available on flow conditions 
preceding these sampling periods. Schellencandona cf. insueta was collected in the Po River during a low flow 
period when the aquifer was receding; this low flow period occurred after a five-month long supraseasonal drought 
followed by six months of flow (Bruno et al. 2020).

Historical factors also play a crucial role in shaping the current distribution of species, particularly those linked 
to specific geological events such as glaciation and deglaciation phases. For instance, Stein et al. (2012) proposed 
a classification of groundwater based on stygofauna composition in Germany. Of the four Schellencandona species 
identified in the country, three (S. belgica, S. insueta, S. triquetra) are confined to a single stygoregion unaffected 
by glaciation periods, while Schellencandona schellenbergi (Klie, 1934) occurs both in that stygoregion and in a 
second one that was once covered by the Last Glacial Maximum (LGM) ice shield. Similarly, Issartel & Marmonier 
(2025b) attributed differences in the dispersal history of various Schellencandona species found in France to LGM 
glacial expansions and subsequent post-glacial recolonization.

Valve morphology serves as a primary diagnostic tool in the taxonomic and phylogenetic analysis of recent 
ostracods and, in the case of fossil specimens, constitutes the only available means of identification. The species 
of the genus Schellencandona can be classified into five distinct types based on the valve shape. They may have 
elongated valves—either with an arched dorsal margin and maximum height at the middle, or with an almost 
straight dorsal margin inclined forward, with maximum height in the posterior third—or less-elongated valves. 
The compressed forms can be trapezoidal, with parallel dorsal and ventral margins, or the dorsal margin sloping 
downwards, or they can be triangular. Further distinctions among species exist in valve ornamentation, which may 
be absent, reticulated, or pitted, as well as in the degree of symmetry between the right and left valves, the convexity 
of the anterior and posterior margins, and sexual dimorphism. Valve length ranges from 0.4 to 0.6 mm, while the 
height to length ratio varies from 0.44 to 0.62. There are no distinct patterns linking the geographical distribution of 
species to valve morphology, as restricted areas and even the same hydrographic basin can host species with highly 
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diverse shapes. However, Schellencandona species with elongate valves and a height to length ratio ≤0.46 (S. tea, 
S. dui, S. yakushimaensis, all characterised by an arched dorsal margin and maximum height at the middle) are 
exclusively found in East Asia. In addition, S. belgica (including forms identified as S. cf. belgica), the only species 
in the genus with an almost straight dorsal margin inclined forward, maximum height in the posterior third, height 
to length ratio ~0.48, surface smooth with shallow rounded pits occurring only in the central area (Fuhrmann 2012, 
Plate 43), may have a potential intercontinental distribution (Table 1).

These differences in carapace morphology—and only in some cases in geographical distribution—are unlikely 
to represent distinct evolutionary lineages, as the morphology of soft body parts remains mostly consistent. Rather, 
they may reflect different periods of adaptation to specific habitat types, particularly subterranean environments, or 
may have other ecological significance (Iepure et al. 2023).

As suggested by Danielopol (1980), the degree of morphological and biological specialisation for subterranean 
life may provide clues about the antiquity of a hypogean animal group. Observations from other Candoninae genera, 
which either include or are entirely composed of subterranean species (e.g., Pseudocandona Kaufmann, 1900, 
Marmocandona Danielopol et al., 2012, Mixtacandona Klie, 1938b, Typhlocypris Vejdovský, 1882), indicate 
that traits such a reduced size and the dominance of triangular or trapezoidal valve shapes are common traits 
among stygobiotic species. The presence of similar morphological features in Schellencandona species may thus 
indicate a prolonged evolutionary history in subterranean habitats. It is noteworthy that the only known records of 
Schellencandona species from surface water environments involve forms with an elongate carapace: S. cf. belgica 
has been found in lakes (Chen et al. 2019), while S. dui has been recorded in both lentic and lotic habitats (Ma & Yu 
2018). This pattern suggests that the elongate carapace morphology may be more typical of epigean forms, while 
the shorter, more angular valve shapes are potentially linked to life in subterranean or interstitial habitats. These 
morphological trends underscore the adaptive significance of valve shape in response to environmental pressures 
and support the hypothesis that carapace variation in Schellencandona is more likely ecophenotypic or adaptive 
rather than phylogenetic in origin.

Nevertheless, alternative explanations can be proposed. For instance, Karanovic & Sitnikova (2017) suggest 
that ancient lakes, beyond serving as refuges, might have functioned as “biodiversity pumps”, facilitating the 
transition of species already preadapted to deep and dark benthic environments into subterranean habitats, taking as 
an example the morphological similarities between some Schellencandona species and Baicalocandona Mazepova, 
1976, the latter genus characterised by lacustrine species with a trapezoidal valve shape.

Soft-part characteristics can also indicate varying degrees of adaptation to subterranean life, especially 
sensory structures that compensate for permanent darkness. Enhanced non-visual sensing is often accompanied by 
reduction or loss of photoreceptive systems and by behavioral shifts, such as increased reliance on chemotaxis and 
mechanoreception, altered foraging strategies, and mating behaviours that no longer depend on vision (Lunghi et 
al. 2024). For example, Danielopol (1980) linked increased length of the A2 aesthetasc Y, interpreted as a putative 
chemoreceptor, with prolonged subterranean adaptation in Candoninae. In S. antoniae sp. nov. this aesthetasc is 
moderately developed relative to other candonids, and its ratio to the first endopodal segment of the A2 falls within 
the relatively narrow range reported for congeners. The same applies to aesthetasc y3 of A2 and ya of A1, for 
which no extreme reduction or elongation is evident among species of the genus. Overall, variation in aesthetasc 
length, both absolute and relative to segment length, does not display a consistent pattern across the genus; potential 
intraspecific variability must also be considered when making comparisons. Detailed, fine-scale morphological 
analyses are required to test and validate these preliminary observations.

An approach based solely on morphological characters undoubtedly limits the analysis of adaptive processes 
and evolutionary reconstructions. The study of phylogenetic relationships between and within other Candoninae 
genera has greatly benefited from an integrated taxonomic approach (e.g. Hiruta et al. 2016, Karanovic & Sitnikova 
2017, Wysocka et al. 2019, Rossetti et al. 2025), but for Schellencandona, no genetic sequences appear to have been 
published to date.

Conclusions

This study presents the first confirmed records of living species of the genus Schellencandona in Italy. Both 
sampling sites were not covered by ice during the Last Glacial Maximum (Hughes et al. 2006, Baroni et al. 2018). 
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Schellencandona antoniae sp. nov. and S. cf. insueta appear to have an extremely localised distribution and possibly 
very low population densities. Further sampling conducted in May 2024 by GR in the hyporheic zone of left and 
right tributaries in the middle course of the Ceno River, within a 20 km radius from the sampling site at the Toncina 
Stream, did not yield additional specimens of Schellencandona. Similarly, no individuals of this genus were found 
at a station of the Po river with a perennial flow and located a few kilometres upstream from the site where S. cf. 
insueta was collected (Bruno et al. 2020).

If new findings confirm the presence of S. insueta in Italy, this will offer a significant opportunity to further 
explore the species’ zoogeography, which remains somewhat enigmatic. To date, S. insueta has been recorded in 
southwestern Germany at its type locality (Klie 1938b) and at another site by Löffler (1961), and in the province 
of Adiyaman in south-central Turkey (Yavuzatmaca et al. 2015) (Table 1). However, the publications following 
the species’ original description lack illustrations of the valves and carapace, limiting the potential for further 
morphological comparisons and the validation of existing records.

It is likely that the genus Schellencandona has a wider distribution and greater species diversity in Italy, where 
research on ostracods inhabiting groundwater and groundwater-dependent ecosystems remains considerably limited 
compared to other European countries (Mori et al. 2025).
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