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Preséncia de dues espécies diferents de Theodoxus Montfort, 1810 (Gastropoda: Neritidae) a Ca-
talunya.—Hom considera que a Catalunya hi ha actualment una tnica espécie de Theodoxus (Gastropoda:
Neritidae), Theodoxus fluviatilis. Aqui reportem la presencia d’una altra espéecie en dues localitats del Montsia
(provincia de Tarragona, Catalunya, Espanya). Assignem temptativament aquestes poblacions a T. cf. meridio-
nalis, una espécie que, fins fa poc, es considerava restringida a Sicilia i el Nord de I'’Africa. Més recentment s’ha
conclos, a partir d’analisis moleculars reportades preliminarment, que T. meridionalis és també ampliament
distribuida a la peninsula Ibérica, on només havia estat citada per alguns autors sense descripcions ni figures
que hi donessin suport. La conquilla i 'opercle de les mostres catalanes assignades a T. cf. meridionalis es com-
paren aqui, tant qualitativament com morfometricament, amb T. meridionalis de Sicilia, aixi com amb material
de T. fluviatilis de la peninsula Iberica i d’altres indrets d’Europa. El nostre treball revela que T. meridionalis
es pot distingir de T. fluviatilis mitjangant caracteristiques morfologiques, especialment les proporcions i la
morfologia operculars. L’espécie previament no reconeguda del sud de Catalunya s’assembla a T. meridionalis
de Sicilia per la preséncia, a la cara interna de l'opercle, tant d’apofisi (costella) com de pseudoapofisi (clavilla),
encara que aquesta segona esta menys desenvolupada. Concloem que els espécimens estudiats del sud de
Catalunya pertanyena la mateixa espécie que esta present al Pais Valencia, previament identificada com T.
baeticusi/o T. velascoi, pero actualment atribuida a T. meridionalis a partir de resultats moleculars recents. Fins
que aquests no es publiquin detalladament, no és possible avaluar si aquestes poblacions del Llevant Ibéric
pertanyen a la mateixa espécie que les de Sicilia o si se’n diferencien a nivell de (sub)espécie. Atesa la distancia
geografica entre les diverses poblacions i la manca d’analisis moleculars per a les mostres catalanes, preferim
ser cauts i utilitzar nomenclatura oberta en la nostra atribucié especifica.

ABSTRACT

Presence of two different species of Theodoxus Montfort, 1810 (Gastropoda: Neritidae) in Catalo-
nia.—It is currently considered that a single species of Theodoxus (Gastropoda: Neritidae), Theodoxus fluviati-
lis, is present in Catalonia. Here we report the presence of another species, distinct from T. fluviatilis, in two
localities from el Montsia (province of Tarragona, Catalonia, Spain). We tentatively assign these populations
to Theodoxus cf. meridionalis, a species that, until recently, was considered to be restricted to Sicily and North
Africa. Most recently, it has been concluded, based on preliminary reported molecular analyses, that T. meridi-
onalis is also widely distributed in the Iberian Peninsula, where it had been only previously reported by a few
authors without supporting descriptions or figures. The shell and operculum of the Catalan samples assigned
to T. cf. meridionalis are here compared, both qualitatively and morphometrically, with T. meridionalis from
Sicily, as well as with material of T. fluviatilis from the Iberian Peninsula and elsewhere in Europe. Our work
reveals that T. meridionalis can be distinguished from T. fluviatilis based on morphological features, particu-
larly opercular proportions and morphology. The previously unrecognized species from southern Catalonia
resembles T. meridionalis from Sicily in the presence on the inner side of the operculum of both apophysis (rib)
and pseudoapophysis (peg), even if the latter is less developed. We conclude that the studied specimens from
southern Catalonia belong to the same species that is present in the Valencian Country, previously identified
as Theodoxus baeticus and/or Theodoxus velascoi, but currently attributed to T. meridionalis based on recent
molecular results. Until the latter are published in detail, it is not possible to evaluate whether these popula-
tions from the Iberian Levant belong to the same species as those from Sicily or are distinct at the (sub)species
rank. Given the geographic distance between the various populations and the lack of molecular analyses for
the Catalan samples, we prefer to be cautious and use open nomenclature in our species assignment.

© Associaci6 Catalana de Malacologia (2016)

Introduction
The genus Theodoxus
The genus Theodoxus Montfort, 1810 (Gastropoda: Neritidae) is

a diverse clade of freshwater (and sometimes brackish) gastropods
with direct development that are distributed across Europe, South-
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western Asia and North Africa (Bandel, 2001; Bunje & Lindberg,
2007). Usually classified separately from other neritids in a different
tribe (i.e., Theodoxini Bandel, 2001; e.g., see Bank. 2011), other au-
thors distinguish this genus at the subfamily (Theodoxinae; Bandel,
2001) or even family (Theodoxidae; Bandel, 2008) rank. Paleonto-
logical data indicate that the genus Theodoxus is recorded since the
Paleocene (Bandel, 2001, 2008), and molecular analyses further sug-
gest that its current diversity is the result of vicariance events that
took place during the Miocene (with the divergence of six major
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clades following the breakup of the Tethys Sea), coupled with the
subsequent divergence among each of the extant lineages (Bunje &
Lindberg, 2007).

Members of genus Theodoxus are characterized by a lowly coiled
and small (usually <1 cm) shell with less than 3 whorls, and a D-
shaped operculum (Bandel, 2001, 2008). Given the great intraspecific
variability in shell shape and coloration patterns in many species of
Theodoxus, opercular features constitute an important tool for dis-
criminating between them (e.g., Gloer & Pesi¢, 2015). The operculum
articulates with the shell muscle and the columellar lip through the
opercular hinge, which according to Bandel (2001, 2008) is constitut-
ed by an internal ‘ridge’ that may be accompanied by a ‘knob’, ‘peg’
or ‘apophysis’. Papp (1953: pl. 1 fig. 18) referred to these structures
respectively as ‘Rippe’ (German for ‘rib’) and ‘Apophyse’ (German
for ‘apophysis’), whereas Fechter & Falkner (1990: p. 114) referred to
both structures as apophyses, further distinguishing between ‘costi-
1la’ (Spanish for ‘rib’) for the long one and ‘cono’ (Spanish for ‘cone’)
for the short. In turn, Krijnen (1997) respectively termed these two
structures ‘apophysis’ (for the ridge or rib) and ‘pseudoapophysis’
(for the knob or peg) in neritids as a whole. The latter terminology is
employed hereinafter (see Figure 1), although in several more recent
works about Theodoxus these structures are also termed ‘rib’ and
‘knob’ (Zettler et al., 2004) or ‘rib’ and ‘peg’ (Gloer & Pesi¢, 2015: figs
1-2), respectively. The latter authors figured in great detail the inner
side of the operculum of Theodoxus, and regarding the apophysis
they distinguished between the ‘rib’ in strict sense (the thickened
margin of the apophysis) and the ‘rib shield’ (its non-thickened por-
tion). According to Krijnen (1997), in neritids a ‘pustulous callosity’
can also be present at the base of the apophysis, which corresponds
to the ‘Lamelle’ (German for ‘lamella’) of Papp (1953) and the ‘callus’
of Gloer & & Pesic¢ (2015).

Two different extant subgenera of Theodoxus are distinguished
(Baker, 1923; Papp, 1953; Bandel, 2001; Bank, 2013), Theodoxus s.s.
and Theodoxus (Neritaea) Roth, 1855, with Theodoxus fluviatilis
(Linnaeus, 1758) and Theodoxus jordani (Sowerby 1832) being their
respective type species. These two subgenera purportedly differ in
features of the radula and the operculum (namely, the presence of
a pseudoapophysis in Neritaea; Bandel, 2001). However, the distinc-
tion of the two subgenera based on opercular morphology is not
well substantiated (Bandel, 2001). This is illustrated by Theodoxus
meridionalis (Philippi, 1836), which is included in the nominotypical
subgenus (Bandel, 2001; Bank, 2013) in spite of possessing a distinct
pseudoapophysis at the base of the opercular ridge (Bandel, 2001;

Pesié, 2015) i amb clarificacions addicio-

nals dels autors.

Zettler & Richard, 2003), unlike in T. fluviatilis, where this structure
is very reduced to generally absent (Papp, 1953; Fechter & Falkner,
1990; Bodon & Giovannelli, 1995; Bandel, 2001, 2008; Zettler &
Richard, 2004; Zettler et al., 2004; Gloer & Pesi¢, 2012, 2015; Markovié¢
et al, 2014). The molecular phylogenetic analysis performed by
Bunje & Lindberg (2007) was unable to conclusively reject a sister-
taxon relationship between the clade including T. meridionalis and
that including Theodoxus (Neritaea) spp., although it showed that,
as currently conceived, Theodoxus s.s. is most likely paraphyletic
(irrespective of the subgenus in which T. meridionalis is included).
In any case, the usefulness of opercular morphology for distinguish-
ing among Theodoxus species is well attested in the literature (e.g.,
Dagan, 1971; Gloer & Pesi¢, 2015).

The diversity of Theodoxus in the Iberian Peninsula

Until very recently, five to six species of Theodoxus s.s. were re-
ported from the Iberian Peninsula (e.g., Bank. 2011; Welter-Schultes.
2012): the type species of the genus, Theodoxus (T.) fluviatilis, which
is widely distributed in Spain, Portugal, and elsewhere in Europe
(Falkner et al., 2001; Bunje, 2005), and also present in the Near East
and even North Africa (Gloer & Pesi¢, 2012, 2015); Theodoxus (T)
baeticus (Lamarck, 1822), a purportedly endangered species from
Southern Iberia (Andalusia, Murcia and the Valencian Country; Mar-
tinez-Orti et al., 2005a, 2009a; Martinez-Orti & Robles, 2008; Welter-
Schultes, 2012) and also reported from the island of Mallorca (Beck-
mann, 2007); Theodoxus (T.) hispalensis (E. von Martens, 1879) from
Andalusia, distinguished as a valid species by some authors (Bank,
2011, 2013), but considered a likely junior subjective synonym of T.
baeticus by others (Martinez-Orti & Robles, 2008; Martinez-Orti et
al., 2009a); Theodoxus (T.) elongatulus (Morelet, 1854), from Portugal
and Western Iberian Peninsula; and Theodoxus (T.) velascoi (Graells,
1846) and Theodoxus (T) valentinus (Graells, 1846), two purportedly
critically endangered species (T. valentinus is currently considered
extinct; Martinez-Orti in Ramos, 2014; Martinez-Orti et al., 2015;
Martinez-Orti, 2015) from a small area in the Valencian Country
(Robles et al,, 1996; Martinez-Orti & Robles, 1996; Pujante et al., 1998;
Martinez-Orti, 1998; Martinez-Orti et al., 2005b,c, 2009b,c; Martinez-
Orti, 2007) which, in the past, have been considered either synony-
mous (Gasull, 1971; Robles et al., 1996; Martinez-Orti & Robles, 1996;
Bank, 2011, 2013; Martinez-Orti, 2015) or distinct from one another
(Martinez-Orti & Robles, 2003; Martinez-Orti et al., 2005b,c, 2009b,c;
Martinez-Orti, 2007; Welter-Schultes, 2012). Most recently, in a pre-
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liminary report of molecular results in a conference proceedings
volume, Martinez-Orti et al. (2015) concluded that only three species
of Theodoxus are present in the Iberian Peninsula: T. fluviatilis, T. va-
lentinus (recently extinct), and T. meridionalis (see also Martinez-Orti
in Ramos, 2014; Martinez-Orti, 2015). According to these authors,
all other nominal taxa previously erected on the basis of Theodoxus
material from Iberia should be considered junior synonyms of one
of these three species, with T. meridionalis being the species most
widely distributed (including Portugal and the Balearic Islands).

Of all the nominal species of Theodoxus reported from the Iberian
Peninsula, only T. fluviatilis has long been considered to be present
in Catalonia (Haas, 1929; Bech, 1990; Alba et al., 2011). Published ci-
tations of this species from Catalonia include the provinces of Giro-
na (Chia, 1893; Rosals, 1916; Haas, 1916; Bofill et al., 1921; Margalef,
1946; Casadevall et al., 1985; Bech, 1990) as well as Tarragona (Bofill
iPoch, 1921, 1924; Font Quer, 1921; Haas, 1924, 1929; Vidal Abarca &
Suarez, 1985; Escobar i Arcarese, 1985; Bros i Caton & Bech i Taber-
ner, 1989; Bech, 1990; Oscoz et al., 2004; Quinonero Salgado & Lopez
Soriano, 2014). Bofill i Poch (1921: p. 94) identified the species from
the “Acequia Mare del Camp” in Amposta as “a Theodoxia, surely Th.
fluviatilis”, but remarked that it was “similar in appearance to some
of the Valentian region” (our translation from the original in Cata-
lan), located south from Catalonia. The locality is a little ambigu-
ous, although it might correspond to an old canal located north from
Deltebre. Bofill i Poch’s (1921) species assignment was confirmed in
a subsequent paper, in which the same author (Bofill i Poch, 1924:
p. 100) reported the species as “Theodoxia fluviatilis L., var”. Font
Quer (1921: p. 178, our translation from the original in Catalan) was
more explicit when referring to Bofill’s finds, by noting that, in this
area, there is “a var. [sic] of Theodoxia fluviatilis L., remarkable by its
lesser breadth and greater height that determine a globulous apear-
ance, which recalls the forms from Valencia”. However, subsequent
reports of T. fluviatilis from that area did not remark on the pur-
ported distinctivenes of this ‘variety’.

A couple of years ago, with the aim of synthesizing all available
(published and unpublished) citations of Theodoxus in Catalonia, we
began to examine in detail specimens collected in the southern part
of the country. We were able to identify two well distinct morphs:
one generally resembled T. fluviatilis, whereas the other strikingly
differed from this species (not only in coloration pattern, but also in
shell and operculum morphology). In accordance to Bofill i Poch’s
(1921, 1924) previous accounts, this second morph more closely re-
sembled some Theodoxus populations from the Valencian Country. A
comparison with published descriptions and iconography of other
European species led us to conclude that this morph likely belongs to
T. meridionalis, which until recently was known to inhabit Sicily and
Tunisia (Kristensen, 1986; Cossignani & Cossignani, 1995; Bodon &
Giovannelli, 1995; Zettler & Richard, 2003; Bunje & Lindberg, 2007;
Zettler & Van Damme, 2010; Welter-Schultes, 2012). The few old re-
ports of this species from the Iberian Peninsula (Pérez Arcas, 1861;
Martorell y Pefia & Bofill y Poch, 1888) were questioned (Vidal Abar-
ca & Suarez, 1985) or dismissed (e.g., Bank. 2011) by subsequently
workers, until Martinez-Orti et al. (2015) recently concluded that
this species is indeed very widely distributed across Iberia. Given
that Martinez-Orti et al (2015) only published their results in a con-
ference proceedings volume (see also a dictum from the Spanish
Ministerio de Agricultura, Alimentacién y Medio Ambiente: Ramos,
2014), it is difficult to evaluate their conclusions in detail, but it is
clear that these authors are including in T. meridionalis those popu-
lations from the Valencian Country (see also Martinez-Orti, 2015)
and Mallorca (Balearic Islands) that were previously assigned to T.
baeticus (e.g., Martinez-Orti et al., 2005a; Beckmann, 2007). Hereafter
we follow such a species assignment for these populations, albeit
only tentatively (Theodoxus cf. meridionalis), pending the publica-
tion in detail of these authors’ results. In this paper, we describe two
Theodoxus populations from el Montsia, and compare them with T.
fluviatilis, T. meridionalis from Sicily, and T. cf. meridionalis from the

Valencian Country, in order to discern the taxonomic identity of the
former. We do not intend to provide a revision of Iberian Theodoxus,
but merely to show conclusively that in Catalonia there is a previ-
ously unrecognized species of the genus, different from T. fluviatilis.

Materials and methods
Studied material and comparative sample

Studied material. The material described in this paper includes
shells and opercula of Theodoxus from the following two localities:
¢ Ullals de Baltasar (Amposta, el Montsia, Tarragona, Spain) [31T

BF90], 1 m; 2002 DMA leg.; 7/6/2003, LP leg.; 18/9/2004, AT leg.;
30/12/2008, 15/11/2014, JC & GG leg.

e Manantials de la Carrova (Amposta, el Montsia, Tarragona, Spain)
[31T BF91], 5 m; 18/9/2004, AT leg.; 16/10/2004, AT, DMA & LP
leg.; 14/10/2006, AT & DMA leg.; 8/12/2008, 5/12/2015, JC & GG leg.
To our knowledge, Theodoxus had not been previously reported

from Manantials de la Carrova. In contrast, Quifionero Salgado &

Lépez Soriano (2014) reported T. fluviatilis from Ullals de Baltasar—

Arconada (2003) also mentioned the presence of Theodoxus in this lo-

cality, but did not provide a species assignment. Quifionero Salgado

& Lopez Soriano (2014) noted that they had been recently unable to

find T fluviatilis alive in the whole Ebro Delta, including the Ullals de

Baltasar. Until 2008, a population of Theodoxus was alive in a second-

ary drainage canal of the Ullals de Baltasar, which was subsequently

destroyed during the ‘restoration’ works that were performed there.

However, in 2014 we verified that several small populations still sur-

vive within the surroundings of this area. Regarding the Manantials

de la Carrova, living specimens of Theodoxus were very abundant
until 2006 close to a natural spring where people regularly collect
water, but only a few empty shells were located at the same spot

in 2008. Even though this population is currently extinct, at least a

couple of small populations still survive in nearby upwellings close

to a drainage canal within the same area. Other spots of the same
drainage canal are inhabited by Theodoxus fluviatilis.

Comparative sample. The comparative sample used in this pa-
per for metrical comparisons includes shells and, for some samples,
opercula of both T. meridionalis and T. fluviatilis from the following
localities:

« T. meridionalis: Anapo River at the necropolis of Pantalica (Sortino,
Sicily) [33S WB0210], 200 m; 5/1/2014, JC & GG leg. The species
had been previously reported from this locality (Zettler & Richard,
2003; Bunje & Lindberg, 2007).

e T. meridionalis: Cefal, drainage stream of a medieval laundry
(Palermo, Sicily) [33S VC1410], 2 m; 30/12/2013, JC & GG leg. The
species had been previously reported from this locality (Zettler &
Richard, 2003; Bunje & Lindberg, 2007).

 T. meridionalis: Ciane River, 5 km SW of Syracuse (Sicily) [33S
WB2200], 3 m; 6/1/2014, JC & GG leg. Collected under underwater
stones and logs. This provenance may be assimilated to the type
locality of the species (streams of Sicily near Syracuse) according
to Philippi (1844).

e T. fluviatilis: Manantial de Vargas, Malejan (Zaragoza, Spain) [30T
XM2031], 500 m; 8/7/2009, JC & GG leg.

e T fluviatilis: Manantial de Argadir, Deza (Soria, Spain) [30T
WL8191], 900 m; 11/7/2009, JC & GG leg.

¢ T. fluviatilis: Asasp, drainage stream of an upwelling (Asasp-Arros,
Pyrénées-Atlantiques, France) [30T YN9476], 272 m; 11/07/2014, JC
& GG leg.

* T. fluviatilis: Ebro River at I’Assut de Xerta (Tivenys, el Baix Ebre,
Tarragona, Spain) [31T BF8833], 10 m; 2/2000, 18/9/2004, 2/6/2007,
AT leg.; 16/10/2004, DMA leg.; 15/7/2009, X. Marti leg.

Shells and/or opercula from the following localities were also in-
spected but not included in the metrical comparisons:

o T. cf. meridionalis: Fuente del Toro (I’Alcudia de Veo, la Plana Baixa,
Castellon, Spain) [30S YK2621], 440 m; 21/8/2006, DMA leg.
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¢ T. cf. meridionalis: Fuente de los 50 Cafios (Segorbe, 'Alt Palancia,
Castellon, Spain) [30S YK1515], 320 m; 21/8/2006, DMA leg.

e T cf. meridionalis: Sueras, laundry and surroundings (Sueras, la
Plana Baixa, Castellon, Spain) [30S YK2826], 300 m; 21/8/2006,
DMA leg.

e T. cf. meridionalis: Manantial de Castro (Sueras, la Plana Baixa, Cas-
tellon, Spain) [30S YK2524], 400 m; 21/8/2006, DMA leg.

¢ T. cf. meridionalis: Font de Sant Miquel (Viver, ’Alt Palancia, Cas-
tellon, Spain) [30S YK0422], 660 m; 6/12/2001, JC & GG leg.

e T. cf. meridionalis: Albaida (la Vall d’Albaida, Valencia, Spain) [30S
YJ1502]; seven specimens housed in the Museu de Ciéncies Natu-
rals de Barcelona (MZB 81 8802, No. 36 of Martorell’s Collection;
see Martorell y Pefia & Bofill y Poch, 1888), identified as “Neritina
meridionalis” according to the museum label.

e T. fluviatilis: Trrigation canal parallel to road TV-3401 at km 7
(Deltebre, el Baix Ebre, Tarragona, Spain) [31T CF01], 1 m; 9/1999,
DMA leg. Only empty shells were dragged.

* T. valentinus: Los Santos River (I’Alctdia de Crespins, la Costera,
Valencia, Spain) [30S YJ0817], 160 m; 30/3/2013, 6/1/2015, JC & GG
leg. Only empty shells were present on the river bottom. The spe-
cies had been previously reported from this locality (Gasull, 1971;
Martinez-Orti et al, 2005b, 2009b).

e T. ?hispalensis: Guadajoz (Seville, Spain) [30S TG7064], 40 m; JC &
GG leg., 27/3/2013. These specimens were collected in the area of
the type locality of the nominal taxon T. hispalensis (“Guadalquivir
near Seville”), where this taxon is considered to inhabit (Welter-
Schultes, 2012). However, following Martinez-Orti et al. (2015), this
nominal taxon has an uncertain taxonomic identity.

Systematics. In the Systematics section, we provide a short list
of synonyms that refer to previous reports from southern Catalonia
attributable to the same taxon as the described material. Other re-
ports of this taxon from other areas (including those covered in the
comparative sample), as well as other reports of Theodoxus from the
study area that might be attributable instead to T. fluviatilis (e.g.,
Bros i Caton & Bech i Taberner, 1989), are therefore excluded from
the list of synonyms.

Measurements and metrical comparisons

Two shell measurements (length and breadth) were taken with a
caliper to the nearest 0.1 mm, whereas two opercular measurements
(length and breadth) were taken by means of a steromicroscope with
an ocular micrometer, also to the nearest 0.1 mm. For both shells
and opercula, a shape index of length/breadth was computed. Com-
parisons between the studied and comparative samples for the two
computed indices were visually inspected by means of boxplots and
performed using analysis of variance (ANOVA), with post-hoc pair-
wise comparisons (Bonferroni’s method). To take size-scaling into
account, allometric regressions (least-squares) with log-transformed
variables (using natural logarithms) were computed. Allometric
grade shifts between groups were tested by means of analysis of
covariance (ANCOVA). All statistical analyses were performed with
SPSS v. 17, by grouping several samples into three different groups
(except for descriptive statistics): one including the specimens from
the two studied Catalan localities; another including the specimens
of T. meridionalis from the Sicilian localities; and a third one, includ-
ing specimens of T. fluviatilis from the four measured populations.

Systematics

Phylum MoLLrusca Cuvier, 1795
Class GasTroroDA Cuvier, 1795
Subclass NErITIMORPHA Golikov et Starobogatov, 1975
Order CYCLONERITIMORPHA Bandel et Fryda, 1999
Superfamily NERITOIDEA Rafinesque, 1815
Family NERITIDAE Rafinesque, 1815
Subfamily NERITININAE Rafinesque, 1815

Tribe THEODOXINI Bandel, 2001
Genus Theodoxus Montfort, 1810
Subgenus Theodoxus Montfort, 1810

Theodoxus (Theodoxus) cf. meridionalis (Philippi, 1836)
(Figures 2-3)
1921: Theodoxia fluviatilis (Linnaeus, 1758): Bofill i Poch, p. 94.
1921: Theodoxia fluviatilis var.: Font Quer, p. 178.
1924: Theodoxia fluviatilis var.: Bofill i Poch, p. 100.
2014: Theodoxus fluviatilis (Linnaeus, 1758): Quifionero Salgado &
Lopez Soriano, pp. 121-122, fig. 2L.

Type material. In the original description, no type of T. meridio-
nalis was designated, and although a specimen was figured (Philippi,
1836: p. 159, pl. IX fig. 13), we are not aware of where the material
was housed.

Type locality. According to the original description (Philippi,
1836: pp. 159-160), the type locality of T. meridionalis would simply
be “streams of Sicily”, but subsequently the same author (Philippi,
1844: p. 138) specified “streams of Sicily near Syracuse” (our transla-
tions from the originals in Latin).

Studied material. Shells and opercula from Ullals de Baltasar and
Manantials de la Carrova (Amposta, el Montsia, Catalonia, Spain; see
Materials and methods for further details).

Description of the studied material. Dextral, solid, globulous
and lowly coiled-shell (up to 3 whorls) that is wider than high:
maximum recorded length is 6.9 mm; maximum recorded breadth
is 9.0 mm; average length/breadth index is 0.8 (range 0.7-0.9). The
aperture is vaguely semicircular, with a curved, sharp and indistinct
outer lip, and a straight columellar margin. The latter is covered
by a whitish and semicircular to crescent-shaped callus that is flat
and more extensively developed toward its basal portion. The shell
coloration is constituted by a dark (brownish to purple) and more
or less irregular zig-zag pattern, superimposed on a light green to
ocher background, and occasionally disrupted at growth lines. The
shell surface is quite smooth and rather glossy in fresh specimens, in
which it is often locally eroded away at certain points, especially at
the protoconch and the first whorl.

The operculum is calcareous and semioval, about twice longer
(higher) than broad, and broader toward its basal portion: maximum
recorded length is 4.3 mm; maximum recorded breadth is 2.3 mm;
average length/breadth index is close to 2.0 (range 1.8-2.2). Its outer
surface displays discernible growth lines and is beige to grayish in
color, except for a reddish band that flanks its palatal border. On the
inner side, the operculum displays a light gray coloration, except for
the intense red color band (more conspicuous than from the outer
side), which originates close to the top and progressive tapers to-
ward the bottom along the palatal edge of the operculum. Although
it may display some irregularities, most of the inner opercular sur-
face is rather flat, except for a distinct muscular attachment surface
for the left adductor, whicht extends on the upper and columellar
portions of the operculum and displays a lower relief than the rest
of the inner opercular surface. On the bottom portion of the inner
side of the operculum, there is a distinct and moderately thickened
callus, and on top of it there is a coiled apophysis (or rib) with a
moderately developed pseudoapophysis (or peg) on its basal portion.

Measurements. Descriptive statistics for shell and operculum
measurements in the studied and comparative samples are reported
in Table 1.

Comparisons. The shell morphology of the described specimens
(Figure 2) resembles that of T. meridionalis from Sicily (Figure 4), as
well as that of T. cf. meridionalis from Castellon (Figure 5), includ-
ing overall shell proportions and the presence of a crescent-shaped
columellar callus that is widest toward the lower half of the aper-
ture. The coloration of the Sicilian specimens (Figure 4; see also Kris-
tensen, 1986: figs. 5-6; Cossignani & Cossignani, 1995: figs. p. 31;
Bodon & Giovannelli, 1995: figs. 20-22; Zettler & Richard, 2003: fig.
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Figure 2. Shells of Theodoxus cf. meridionalis from Ullals de Baltasar (A-D) and Manantials de la Carrova (E-J).
Figura 2. Conquilles de Theodoxus cf. meridionalis dels Ullals de Baltasar (A-D) i els Manantials de la Carrova (E-]).

4; Welter-Schultes, 2012: fig. p. 38) differs from that of the specimens
described from Catalonia (Figure 2) in the frequently higher degree
of disruption of the zig-zag pattern, particularly in some specimens
in which the greenish background color is almost completely oblit-
erated in large portions of the shell surface and becomes uniform
black or purple. This is also observed in specimens of T. cf. meridi-
onalis from Castellon in the Iberian Peninsula (Figure 5), which are
sometimes uniformly dark or purple, or may show different degrees
of disruption and/or obliteration of the zig-zag pattern. Despite the
considerable degree of variabitility in shell coloration, the zig-zag
pattern observed in the described specimens and other shells of T.
meridionalis and T. cf. meridionalis differs from the characteristic col-
oration pattern displayed by specimens of T. fluviatilis from Catalo-
nia and elsewhere (Figures 6-7). Specimens of the latter species from
Catalonia (Figure 6) display a generally dark brown to purple design
superimposed on a greenish, ocher or whitish background, but the
pattern is characteristically constituted by more or less irregular
streaks that are roughly parallel to growth lines and which, when
disrupted, tend to form irregularly-shaped lacunae instead of a zig-
zag pattern. When other populations of T. fluviatilis are taken into
account (Figure 7; see also Zettler & Richard, 2004: fig. 4; Zettler et

al., 2004: figs. 6-7; Zettler, 2008: figs. 19a—f, 20a-f, 21a—f, 22a—f, 23a—f,
24a-f; Gloer & Pesi¢, 2015: figs. 13-23), coloration patterns are more
variable, with some specimens displaying lacunae that tend to fuse
into transverse wide bands, and others even being uniformly dark.
However, the zig-zag pattern displayed by the described specimens
is not observed in T. fluviatilis. Furthermore, specimens of the latter
species (Figures 6-7) differ from the described specimens (Figure 2)
and other studied populations of T. meridionalis (Figure 4) and T. cf.
meridionalis (Figure 5) in the morphology of the shell (which ap-
pears less globulous and more wider relative to height) as well as by
the shape of the columellar callus (which is narrower, less distinctly
crescent-shaped, and more expanded towards its apical portion). Fi-
nally, the described specimens can be readily distinguished, based
on shell morphology, from T. valentinus (Figure 8), which displays
an elevated and subturriculate shell, with a characteristic groove-
like depression that is very conspicuous along the last whorl and
further results in an undulating external lip of the aperture (Figure
8; see also Graells, 1846: figs. 31-34; Fechter & Falkner, 1990: fig.
13 p. 114; Martinez-Orti et al., 2005b: figs. p. 335, 2009b: fig. p. 277;
Martinez-Orti, 2007: fig. p. 69; Welter-Schultes, 2010: fig. p. 30). As
for the operculum, the described specimens (Figure 3) more closely
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resemble those of T. meridionalis from Sicily (Figure 9), and differ
from those of T. fluviatilis (Figure 10), in the intensely colored red
band along its palatal margin (inconspicuous or only a little pinkish
in T fluviatilis) and, especially, in the presence of a distinct pseu-
doapophysis at the base of the apophysis (see Figure 11 for a more
detailed comparative view among the several populations). Even
though, in the studied specimens, the apophysis is narrower and
the pseudoapophysis is less developed than in specimens of T. meri-
dionalis from Sicily (see also Bandel, 2001; Zettler & Richard, 2003:
fig. 4f), it is noteworthy that the latter structure is virtually absent
in all the studied specimens of T. fluviatilis (see also Papp, 1953: pl.
1 figs. 13-16; Fechter & Falkner, 1990: fig. a p. 115; Bodon & Giovan-
nelli, 1995; Bandel, 2001, 2008; Zettler et al., 2004: figs. 6-7; Zettler,
2008: figs. 19g, 20g, 21g, 22g, 23g, 24g; Gloer & Pesi¢, 2012: fig. 3c,
2015: figs. 24-34; Markovi¢ et al., 2014: fig. 2).

With regard to morphometric comparisons between T. cf. meri-
dionalis from Catalonia, T. meridionalis from Sicily, and T. fluviatilis,
ANOVA results for length/breadth indices (see descriptive statistics
in Table 2 and boxplots in Figure 12) indicate significant differences
at p<0.001 for both the shell (F=53,22) and the operculum (F=189.78).
Post-hoc pairwise comparisons indicate that, in spite of consider-
able overlap, the three groups significantly differ from one another.
Thus, T. fluviatilis displays a relatively broader shell than both T. cf.
meridionalis (p<0.001) and T. meridionalis (p<0.001), but the speci-
mens from Sicily also display on average a relatively narrower shell
than those from Catalonia (p<0.01; Figure 12A). With regard to oper-

Figure 3. Opercula of Theo-
doxus cf. meridionalis from
Ullals de Baltasar.

Figura 3. Opercles de Theo-
doxus cf. meridionalis dels
Ullals de Baltasar.

culum proportions (Figure 12B), differences are more clear-cut, in
the sense that there is only a slight overlap between T. fluviatilis,
on the one hand, and both T. cf. meridionalis and T. meridionalis on
the other. The former therefore displays (on relative terms) a signifi-
cantly broader operculum than the specimens from both Catalonia
(p<0.001) and Sicily (p<0.001), whereas, in contrast, the two latter
groups do not differ from one another at all (p=1.000).

To further investigate the reliability of shape ratios for distin-
guishing between species, we also investigated size-scaling effects by
means of allometry (which takes into account non-linear variation
of shape relative to size). Allometric regressions of log-transformed
shell breadth vs. length for (Table 3; Figure 13A) show considerable
overlap between the scatter of points of the three groups, although
T. meridionalis from Sicily tends to display on average a relatively
narrower shell than T. fluviatilis; T. cf. meridionalis from Catalonia
displays a similar but less marked tendency (thus being somewhat
intermediate in shell proportions). Our numerical results (Table 3)
indicate isometric shell proportions (i.e., linear shape change rela-
tive to size, so that allometric slopes do not statistically differ from
unity when 95% confidence intervals are considered) for T. cf. me-
ridionalis from Catalonia, but not for T. meridionalis from Sicily
(which shows a slightly negative allometric relationship; i.e., shells
become progressively narrower in relative terms at increasing shell
sizes) or T. fluviatilis (which shows a slightly positive allometry).
ANCOVA results for the three groups simultaneously confirm that
there are significant differences in allometric slope between the in-



Table 1. Descriptive statistics of the shell and opercular measurements in the studied and comparative samples of this work.
Taula 1. Estadistica descriptiva de les mesures de la conquilla i de 'opercle en les mostres estudiades i de comparacié d’aquest treball.
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Shell length / Longitud de la conquilla

Taxon / Taxon Sample / Mostra N Mean / Mitjana SD 95% CI Range / Rang
T. cf. meridionalis Manantials de la Carrova 30 5.54 0.71 5.27 - 5.81 43-6.9
T. cf. meridionalis Ullals de Baltasar 20 4.60 0.32 4.45 - 4.75 40-53
T. meridionalis Cefalu 24 4.42 0.39 4.25 - 4.58 3.9-56
T. meridionalis Anapo River (Sortino) 27 5.13 0.46 495 -5.31 45-6.3
T. meridionalis Ciane River (Syracuse) 20 4.66 0.41 4.46 — 4.85 4.0 -5.0
T. fluviatilis Manantial de Argadir 28 4.17 0.28 4.06 - 4.28 3.8 -47
T. fluviatilis Asasp 30 5.11 0.37 497 - 5.25 4.5-6.0
T. fluviatilis Manantial de Vargas 24 3.85 0.46 3.66 — 4.05 32-49
T. fluviatilis Ebro River at Tivenys 30 4.83 0.54 4.63 - 5.03 3.9 -6.3

Shell breadth / Amplada de la conquilla

Taxon / Taxon Sample / Mostra N Mean / Mitjana SD 95% CI Range / Rang
T. cf. meridionalis Manantials de la Carrova 30 7.43 0.98 7.07 - 7.80 54-9.0
T. cf. meridionalis Ullals de Baltasar 20 5.97 0.46 5.75 - 6.18 51-7.0
T. meridionalis Cefalu 24 5.69 0.50 5.48 - 5.90 5.0-17.0
T. meridionalis Anapo River (Sortino) 27 6.35 0.56 6.13 - 6.57 5.6-7.6
T. meridionalis Ciane River (Syracuse) 20 6.17 0.48 5.94 - 6.39 55-7.1
T. fluviatilis Manantial de Argadir 28 5.88 0.39 5.73 - 6.03 51-6.5
T. fluviatilis Asasp 30 7.05 0.60 6.83 - 7.27 5.9 -84
T. fluviatilis Manantial de Vargas 24 5.07 0.67 4.79 - 5.35 4.0 -6.7
T. fluviatilis Ebro River at Tivenys 30 6.93 0.84 6.62 — 7.25 5.6 - 9.1

Shell length/breadth / Longitud/amplada de la conquilla

Taxon / Taxon Sample / Mostra N Mean / Mitjana SD 95% CI Range / Rang
T. cf. meridionalis Manantials de la Carrova 30 0.75 0.04 0.73 - 0.76 0.69 — 0.85
T. cf. meridionalis Ullals de Baltasar 20 0.77 0.05 0.75 - 0.80 0.70 - 0.94
T. meridionalis Cefalu 24 0.78 0.03 0.77 - 0.79 0.71 - 0.82
T. meridionalis Anapo River (Sortino) 27 0.81 0.02 0.80 — 0.81 0.78 - 0.85
T. meridionalis Ciane River (Syracuse) 20 0.75 0.03 0.74 - 0.77 0.70 - 0.80
T. fluviatilis Manantial de Argadir 28 0.71 0.03 0.70 - 0.72 0.66 — 0.79
T. fluviatilis Asasp 30 0.73 0.02 0.72 - 0.74 0.68 — 0.78
T. fluviatilis Manantial de Vargas 24 0.76 0.04 0.75 - 0.78 0.71 - 0.85
T. fluviatilis Ebro River at Tivenys 30 0.70 0.04 0.68 — 0.71 0.64 — 0.84

Operculum length / Longitud de Uopercle

Taxon / Taxon Sample / Mostra N Mean / Mitjana SD 95% CI Range / Rang
T. cf. meridionalis Manantials de la Carrova 8 3.44 0.25 3.23 - 3.65 29-37
T. cf. meridionalis Ullals de Baltasar 47 3.40 0.33 3.30 - 3.50 2.7-43
T. meridionalis Cefalu 25 3.42 0.30 3.29 - 3.54 3.0-4.2
T. meridionalis Anapo River (Sortino) 27 3.85 0.33 3.72 - 3.98 32-46
T. meridionalis Ciane River (Syracuse) 20 3.56 0.26 3.44 - 3.68 32-40
T. fluviatilis Manantial de Argadir 28 3.18 0.21 3.09 - 3.26 27-35
T. fluviatilis Asasp 30 3.87 0.30 3.75 - 3.98 33-46
T. fluviatilis Manantial de Vargas 24 2.82 0.51 2.61 -3.04 1.8-3.9
T. fluviatilis Ebro River at Tivenys 12 3.68 0.36 3.45 - 3.92 3.4-45

Operculum breadth / Amplada de Uopercle

Taxon / Taxon Sample / Mostra N Mean / Mitjana SD 95% CI Range / Rang
T. cf. meridionalis Manantials de la Carrova 8 1.68 0.18 1.52 - 1.83 1.3-1.9
T. cf. meridionalis Ullals de Baltasar 47 1.80 0.18 1.75 - 1.86 1.3-23
T. meridionalis Cefalu 25 1.76 0.16 1.69 — 1.82 1.5-2.1
T. meridionalis Anapo River (Sortino) 27 2.04 0.18 1.97 - 2.11 1.7-24
T. meridionalis Ciane River (Syracuse) 20 1.93 0.18 1.84 - 2.01 1.6 - 2.3
T. fluviatilis Manantial de Argadir 28 1.83 0.14 1.78 - 1.88 1.5-2.0
T. fluviatilis Asasp 30 241 0.21 2.33-2.49 21-29
T. fluviatilis Manantial de Vargas 24 1.73 0.30 1.60 - 1.86 1.1-24
T. fluviatilis Ebro River at Tivenys 12 2.11 0.19 2.00 — 2.23 1.9-25

Operculum length/breadth / Longitud/amplada de Uopercle

Taxon / Taxon Sample / Mostra N Mean / Mitjana SD 95% CI Range / Rang
T. cf. meridionalis Manantials de la Carrova 8 2.06 0.09 1.99 - 2.13 1.95 - 2.23
T. cf. meridionalis Ullals de Baltasar 47 1.88 0.06 1.87 - 1.90 1.80 - 2.08
T. meridionalis Cefalu 25 1.95 0.08 1.91-1.98 1.80 - 2.11
T. meridionalis Anapo River (Sortino) 27 1.89 0.06 1.86 - 1.91 1.77 - 2.05
T. meridionalis Ciane River (Syracuse) 20 1.86 0.13 1.80 — 1.91 1.65 - 2.31
T. fluviatilis Manantial de Argadir 28 1.74 0.06 1.71 - 1.76 1.58 - 1.83
T. fluviatilis Asasp 30 1.61 0.05 1.59 - 1.62 1.54 - 1.73
T. fluviatilis Manantial de Vargas 24 1.63 0.06 1.60 - 1.65 1.50 - 1.79
T. fluviatilis Ebro River at Tivenys 12 1.74 0.07 1.69 - 1.79 1.62 - 1.86

Abbreviations: N, sample size; SD, standard deviation; CI, confidence interval.
Notes: Lengths and breadths in millimeters (mm).
Abreviatures: N, mida mostral; SD, desviaci6 estandard; CI, interval de confianca.
Notes: Longituds i amplades en mil-limetres (mm).
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Figure 4. Shells of Theodoxus meridionalis from Anapo River at Sortino (A-D), Cefalu (E-H), and Ciane River (Syracuse; I-L), in Sicily.

Figura 4. Conquilles de Theodoxus meridionalis del riu Anapo a Sortino (A-D), Cefalu (E-H), i el riu Ciane (Siracusa; I-L), a Sicilia.

Table 2. Descriptive statistics of shape indices (length/breadth) for the
shell and operculum in the three groups investigated by means of statistical
analyses (ANOVA, ANCOVA and allometric regression) in this work.
Taula 2. Estadistica descriptiva dels indexs de forma (longitud/amplada) per
a la conquilla i Uopercle en els tres grups investigats mitjangant analisis esta-
distiques (ANOVA, ANCOVA i regressions al-lométriques) en aquest treball.

Shell length/breadth / Longitud/amplada de la conquilla

Taxon / Taxon N Mean / Mitjana SD 95% CI  Range / Rang

T. cf. meridionalis 50 0.76 0.04 0.74 - 0.77 0.69 — 0.94
T. meridionalis 71 0.78 0.03 0.77 - 0.79 0.70 - 0.85
T. fluviatilis 112 0.72 0.04 0.71 -0.73 0.64 — 0.85

Operculum length/breadth / Longitud/amplada de lopercle

Taxon / Taxon N Mean/ Mitjana SD 95% CI  Range / Rang

T. cf. meridionalis 55 1.91 0.09 1.89 - 1.93 1.80 - 2.23
T. meridionalis 72 1.90 0.10 1.88 - 1.92 1.65 - 2.31
T. fluviatilis 94 1.67 0.08 1.65 - 1.68 1.50 - 1.88

Abbreviations as in Table 1.
Abreviatures com a la Taula 1.

vestigated groups (p<0.001), so that it is not possible to test whether
there are differences in allometric intercept as well. When ANCOVA
is performed by defining only two groups—T. fluviatilis vs. T. (cf.)
meridionalis—no significant differences are found in slope (p=0.061)
or intercept (p=0.319). Overall, our results for both shell shape ratios
and allometric relationships suggest that, although T. meridionalis
tends to display a narrower shell than T. fluviatilis, this tendency is
not marked enough as to enable an unambiguous assignment of the
Catalan populations.

With regard to allometric regressions of log-transformed opercu-
lum breadth vs. length (Table 3; Figure 13B), as for shell proportions
there is also some overlap. However, it is noteworthy that the re-
gression line of T. cf. meridionalis from Catalonia falls on the regres-
sion of T. meridionalis from Sicily, and that the regressions of both
groups are well below that of T. fluviatilis. Furthermore, in the three
groups the allometric slopes for the operculum do not statistically
differ from unity, thereby implying isometry (i.e., the lack of non-
linear shape variation relative to size). This means that morphometric
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Figure 5. Shells of Theodoxus cf. meridionalis from Font de Sant Miquel (A-B), Fuente del Toro (C-G), Fuente de los 50 Cafios (H-K), Sueras (L-N), and
Manantial de Castro (O-P), in the province of Castellon (Valencian Country).

Figura 5. Conquilles de Theodoxus cf. meridionalis de la Font de Sant Miquel (A-B), la Fuente del Toro (C—G), la Fuente de los 50 Carios (H-K), Sueras (L-N), i
el Manantial de Castro (O-P), a la provincia de Castell6 (Pais Valencia).
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Figure 6. Shells of Theodoxus fluviatilis from the Ebro River at Tivenys (A-F) and an irrigation canal parallel to road TV-3401 km 7 (G-L).
Figura 6. Conquilles de Theodoxus fluviatilis de [’Ebre a Tivenys (A-F) i una séquia paral-lela a la carretera TV-3401 km 7 (G-L).

Table 3. Allometric regressions of breadth vs. length of the shell and operculum (in mm) in the study and comparative samples of this work.

Taula 3. Regressions al-lométriques d’amplada vs. longitud de la conquilla i de I'opercle (en mm) en les mostres d’estudi i de comparacié d’aquest treball.

Sample / Mostra Y X N T P Slope 95% CI Intercept 95% CI
Theodoxus cf. meridionalis (Catalonia)  In Shell breadth In Shell length 50 0.934 <0.001 1.035 0.920 - 1.150 0.223  0.035 - 0.410
Theodoxus meridionalis (Sicily) In Shell breadth In Shell length 71 0919 <0.001 0.819 0.735 - 0.903 0.527  0.396 — 0.658
Theodoxus fluviatilis In Shell breadth In Shell length 112 0.946 <0.001 1.080 1.000 - 1.150 0.207 0.102 - 0.313
Theodoxus cf. meridionalis (Catalonia) In Operculum breadth In Operculum length 55 0.907 <0.001 1.012 0.882-1.142 -0.661 -0.820 - -0.502
Theodoxus meridionalis (Sicily) In Operculum breadth In Operculum length 72 0.893 <0.001  1.031 0.907 - 1.154  -0.680 -0.838 — -0.521
Theodoxus fluviatilis In Operculum breadth In Operculum length 94  0.961  <0.001  0.998 0.938 - 1.057 _ -0.507 -0.579 - -0.435

Abbreviations: Y, dependent variable; X, independent variable; N, sample size; r, correlation coefficient; p, significance; CI, confidence interval.

Abreviatures: Y, variable dependent; X, variable independent; N, mida mostral; r, coeficient de correlacio; p, significacio; CL interval de confianca; Slope, pendent

al-lomeétric; Intercept, tall amb ordenades.
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Figure 7. Shells of Theodoxus fluviatilis from Manantial de Argadir (A-D), Manantial de Vargas (E-H), and Asasp (I-L).
Figura 7. Conquilles de Theodoxus fluviatilis del Manantial de Argadir (A-D), el Manantial de Vargas (E-H), i Asasp (I-L).

51

Figure 8. Shells of Theodoxus valentinus from Los Santos River.
Figura 8. Conquilles de Theodoxus valentinus del riu dels Sants.
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comparisons of operculum proportions based on shape indices are
not confounded by size-scaling effects at all, unlike in the case of
shell proportions. This is further confirmed by ANCOVA results for
the three groups together, which show that there are no differences
in allometric slope (p=0.884), although unexpectedly differences in
intercept also fail to be significant (p=0.055), apparently due to over-
lap in proportions between some specimens of T. meridionalis from
Ciane River and those of T. fluviatilis. However, when ANCOVA is
rerun with only two groups—T. fluviatilis vs. T. (cf.) meridionalis—

Figure 9. Opercula of
Theodoxus meridionalis from
Anapo River at Sortino
(A-G), Cefalu (H-J), and
Ciane River (K-R), in Sicily.
Figura 9. Opercles de The-
odoxus meridionalis del

riu Anapo a Sortino (A-G),
Cefalu (H-]), i el riu Ciane
(K-R), a Sicilia.

differences in slope are again non-significant (p=0.550), but differ-
ences in intercept are (p<0.01), thereby confirming that there is an
allometric grade shift in opercular proportions between T. fluviatilis
and the remaining analyzed groups. To sum up, our morphometric
comparisons indicate that operculum proportions are a more clear-
cut criterion than shell proportions for distinguishing between T.
fluviatilis and T. meridionalis, and that the operculum proportions
displayed Theodoxus from Catalonia described in this paper support
their assignment to the latter.
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Figure 10. Opercula of
Theodoxus fluvialitis from
Manantial de Argadir
(A-E), Manantial de Vargas
(F-J), Asasp (K-0), and
Tivenys (P-R).

Figura 10. Opercles de
Theodoxus fluviatilis del
Manantial de Argadir (A-E),
el Manantial de Vargas (F-J),
Asasp (K-0), i Tivenys
(P-R).

Discussion
Some remarks on Theodoxus from the Iberian Peninsula

Besides providing interesting insight on the phylogeny of extant
species of Theodoxus, the molecular analyses by Bunje & Lindberg
(2007) evidenced the problems associated with the taxonomic at-
tribution of Iberian Theodoxus. These authors showed that T. meri-
dionalis from Sicily belongs to a different clade (‘clade D’) than T.
fluviatilis (‘clade B’), but also found that Iberian samples identified
as T. baeticus, T. valentinus and T. fluviatilis, together with samples
of Theodoxus sp. from Greece, clustered with the former. In particu-
lar, specimens assigned to T. fluviatilis from Castellon clustered with

specimens assigned to T. baeticus from Quart (Valencia), and succes-
sively with T. baeticus from Bufiol La Jarra (Valencia) and T. valenti-
nus from Massalavés (Valencia), whereas specimens purportedly of
T. fluviatilis from Chella (Valencia) and Ayora (Valencia) clustered
with those of T. baeticus from Anna (Valencia) and those of T. valen-
tinus from Massalavés. Although some discrepancies between actual
species trees and molecular ones are expected, these identifications
of T fluviatilis from Valencia were clearly at odds with molecular
data (Bunje & Lindberg, 2007), indicating that these specimens had
been likely misassigned. This led Bunje & Lindberg (2007) to con-
clude that T. fluviatilis, besides being the most widely distributed
species of the genus (Bunje, 2005), was also a wastebasket taxon in
which members from other lineages were frequently attributed. In
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the absence of descriptions or figures of the analyzed samples (which
are not customarily provided in this kind of molecular studies), it is
not possible to fully evaluate, based on the literature, to what spe-
cies these Iberian samples of Theodoxus actually belong. In the past,
it was argued that specimens of T. fluviatilis, T. baeticus, T. valentinus
and T. velascoi are “readily distinguished from one another by eye”
(A. Martinez-Orti, pers. comm. in Bunje & Lindberg, 2007: p. 384).
However, a couple of years later Martinez-Orti et al. (2009a) already
concluded that the presence of T. baeticus in the Valencian Country
required further confirmation by molecular studies. Most recently, it
has been preliminarily claimed on molecular grounds (these results
have been only published in a conference proceedings volume) that
T. fluviatilis, T. valentinus and T. meridionalis are the only valid spe-
cies of Theodoxus present in Iberia (Martinez-Orti et al.. 2015), so that

Figure 11. Comparison of the
opercular hinge of Theodoxus

cf. meridionalis from Catalonia
(A-C, Ullals de Baltasar), T.
meridionalis from Sicily (D-F,
Anapo River at Sortino; G,
Cefalt; H-1, Ciane River, Syra-
cuse), and Theodoxus fluviatilis
from France (J-K, Asasp) and
Spain (L, Manantial de Argadir;
M, Manantial de Vargas; N-O,
Tivenys).

Figure 11. Comparacions de
Particulacio de I'opercle de Theo-
doxus cf. meridionalis de Catalu-
nya (A-C, Ullals de Baltasar), T.
meridionalis de Sicilia (D-F, riu
Anapo a Sortino; G, Cefali; H-I,
riu Ciane, Siracusa), i Theodoxus
fluviatilis de Franca (J-K, Asasp)
i Espanya (L, Manantial de Ar-
gadir; M, Manantial de Vargas;
N-O, Tivenys).

both T. baeticus and T. velascoi must be considered junior synonyms
of other taxa.

Understandably in a preliminary report, Martinez-Orti et al. (2015)
did not clarify to what of the three above-mentioned species the
other nominal taxa previously described in the Iberian Peninsula
must be synonymized, although some additional details had been
already provided by Martinez-Orti in Ramos (2014). According to
Martinez-Orti et al. (2015), T. meridionalis would be the only species
of the genus present in Portugal, thereby implying that T. elongatu-
lus is a junior synonym of the former. In contrast, based on their
geographic distribution, T. baeticus and T. hispalensis (previously
considered a likely junior synonym of the former by Martinez-Orti
and coauthors; Martinez-Orti & Robles, 2008; Martinez-Orti et al.,
2009; Bragado et al., 2010) might be synonymous with either T. flu-
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viatilis or T. meridionalis. In the case of T. hispalensis, the former pos-
sibility is favored by the lack of pseudoapophysis in the specimens
included in our comparative sample, whereas the situation in much
more complex for T. baeticus.

Vidal Abarca & Suarez (1985) and Bragado et al. (2010) included
T. baeticus among the list of synonyms of T. fluviatilis, in agree-
ment with Mermod’s (1953) description of two possible syntypes
of T. baeticus from Lamarck’s collection housed ad the Muséum de
Genéve. According to Mermod (1953: p. 155, fig. 169), the operculum
of these specimens displays no pseudoapophysis, as in T. fluviatilis
but unlike in T. meridionalis. The synonymy of T. baeticus with T.
fluviatilis has been more recently confirmed by the molecular results
of Martinez-Orti in Ramos (2014: fig. 1), apparently based on sam-
ples from the type area. However, according to Martinez-Orti et al.
(2015), both T. fluviatilis and T. meridionalis are present in Andalusia,
the latter further including some populations formerly attributed to
T. baeticus. This would explain the description of the operculum of
T. baeticus from SW Spain as displaying a thick apophysis with a
short and denticulated pseudoapophysis (Fechter & Falkner, 1990: p.
114 and fig. e p. 115). Martinez-Orti & Robles (2003: p. 179) further
described the operculum of T. baeticus as having “two apophyses”
or, more specifically (Martinez-Orti & Robles, 2008: p. 481; see also
Martinez-Orti et al., 2009a: p. 273; our translations from the origi-
nals in Spanish), “a semispiral apophysis and a short and curved
rib that originates from the base of the apophysis and surrounds
the operculum”. These descriptions might correspond to the oper-
cular morphology described for T. meridionalis, both in this work
and in the previous literature (Bandel, 2001; Zettler & Richard, 2003:
fig. 4f). In short, although the nominal taxon T. baeticus (originally
described based on specimens from Andalusia, probably Seville;
Martinez-Orti et al, 2009a) appears to be a junior synonym of T.
fluviatilis instead of T. meridionalis—otherwise, the nomen T. bae-
ticus would take priority over T. meridionalis, since the former was
described in 1822 and the latter in 1836—the former has been applied
in the past to multiple populations currently attributed to T. meri-
dionalis (Martinez-Orti et al., 2015; see also Martinez-Orti in Ramos,
2014; Martinez-Orti, 2015). This is particularly clear in the case of the
populations from the Valencian Country previously assigned to T.
baeticus (Gasull, 1971; Martinez-Orti & Robles, 2003; Martinez-Orti
et al., 2005a), including those that were molecularly characterized by
Bunje & Lindberg (2007).

With regard to T. velascoi, this nominal species was originally de-
scribed by Graells (1846) together with T. valentinus within the same
work. These two species were subsequently synonymized by several
authors (Gasull, 1971; Robles et al, 1996; Martinez-Orti & Robles,
1996; Bank, 2011, 2013), but considered distinct by others (Martinez-
Orti & Robles, 2003; Martinez-Orti et al., 2005b,c, 2009b,c; Bunje &
Lindberg, 2007; Martinez-Orti, 2007; Welter-Schultes, 2012). Accord-
ing to the original description, T. valentinus has a distinctive shell
morphology (Graells, 1846: figs. 31-34; Fechter & Falkner, 1990: fig.
13 p. 114; Martinez-Orti et al., 2005b: figs. p. 335, 2009b: fig. p. 277;
Martinez-Orti, 2007: fig. p. 69; Welter-Schultes, 2012: fig. p. 30) com-
pared with T. velascoi (Graells, 1846: figs. 25-30; Martinez-Orti et al.,
2005¢: figs. p. 337, 2009c: fig. p. 280). However, these differences in
shell morphology might simply reflect intraspecific variability (two
morphs of a single species), as implied by Fechter & Falkner (1990:
fig. 12 p. 115), who only recognized T. valentinus as valid. Indeed,
there has been considerable disagreement as to which is the correct
name that should take precedence when the two nominal species
erected by Graells (1846) are synonymized. Thus, Robles et al. (1996)
and Martinez-Orti & Robles (1996, 2003) apparently followed Gasull
(1971) in considering that T. velascoi was the valid name, whereas,
according to Bank (2011), T. valentinus would have priority. When
two nominal taxa, originally described in the same publication, are
synonymized, priority must be determined according to the Prin-
ciple of the First Reviser (ICZN, 1999: Art. 24.2.1). To our knowledge,
in this case the first reviser would be Gasull (1971), who included
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Figure 12. Boxplots of shell (A) and operculum (B) proportions in Theo-
doxus cf. meridionalis from Catalonia, compared with those of T. meridiona-
lis from Sicily and Theodoxus fluviatilis, as measured by indices of length/
breadth. See descriptive statistics in Table 2. Boxes represent 25th and 75th
percentiles, center line is the median, whiskers represent non-outlier range,
dots are outliers, and stars are extreme outliers.
Figura 12. Diagrames de caixa de les proporcions de la conquilla (A) i de
Popercle (B) en Theodoxus cf. meridionalis de Catalunya, comparades amb
les de T. meridionalis de Sicilia i Theodoxus fluviatilis, mesurades mitjangant
indexs de longitud/amplada. Vegeu ’estadistica descriptiva a la Taula 2. Les
caixes representen els percentils 25¢ i 75¢, la linia central és la mediana, els
bigotis representen el rang no-atipic, els cercles son valors atipics (outliers), i
els estels son valors atipics extrems.

T. valentinus in the list of synonyms of T. velascoi. The latter would
be thus the valid name for this taxon when these two nominal spe-
cies are considered to represent a single valid species. The fact that
Martinez-Orti et al. (2015) and Martinez-Orti (2015) consider T. va-
lentinus (instead T. velascoi) as the valid species name, unlike in some
previous publications, indicates that these authors are implicitly
synonymizing T. velascoi with T. meridionalis, as further explicitly
confirmed by Martinez-Orti in Ramos (2014). We applaud the efforts
by Martinez-Orti and colleagues to clarify the taxonomic identity
of Iberian Theodoxus, and look forward to seeing their results pub-
lished in detail soon, because they will undoubtedly clarify further
the status of the Iberian populations included by these authors in
T. meridionalis. In the meantime, it is not possible to reliably de-
termine whether T. meridionalis s.l. (i.e., sensu Martinez-Orti et al.,
2015) is a monotypic species sister to T. valentinus (see Martinez-Orti
in Ramos, 2014: fig. 1), a polytypic species (with several geographic
subspecies), or even a complex of closely related species. Given these
uncertainties, we prefer to be cautious and assign the studied popu-
lations merely to T. cf. meridionalis—pending the full publication of
the results preliminarily reported by Martinez-Orti et al. (2015).

Theodoxus cf. meridionalis in Catalonia

The specimens of Theodoxus described in this paper from southern
Catalonia can be clearly distinguished from those of T. fluviatilis by
the presence of both apophysis and pseudoapophysis on the inner
side of the operculum. Our study of the comparative sample of T.
fluviatilis included in this paper confirms previous reports that this
species displays an apophysis but lacks a distinct pseudoapophysis
(Fechter & Falkner, 1990; Zettler et al, 2004; Bragado et al, 2010;
Welter-Schultes, 2012; Gléer & Pesi¢, 2015). The same criterion en-
ables the distinction of the described specimens from the nominal
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Figura 13. Grdfics al-lométrics d’amplada vs. longitud (en mm) de la conquilla (A) i Uopercle (B) de Theodoxus cf. meridionalis de Catalunya (groc), T. meri-

dionalis de Sicilia (blau), i Theodoxus fluviatilis (vermell). Les linies rectes representen les rectes de regressio de millor ajust (reportades a la Taula 3).
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taxa T. hispalensis (according to specimens collected by us at Gua-
dajoz) and T. elongatulus (according to Morelet, 1845), irrespective
of its true taxonomic identity (see above). The only valid species of
Theodoxus, other than T. meridionalis, that according to Martinez-
Orti et al. (2015) is present in the Iberian Peninsula and displays
well-constituted apophysis and pseudoapophysis on the inner side
of the operculum (Fechter & Falkner, 1990; Martinez-Orti et al,
2009b) is T. valentinus. An assignment of the described specimens to
T. valentinus, which is currently considered extinct (Martinez-Orti in
Ramos, 2014; Martinez-Orti et al, 2015; Martinez-Orti, 2015), can be
confidently discounted on the basis the distinctive shell morphology
of the latter. None of the diagnostic features of T. valentinus is
present in the Catalan samples described in this paper, which much
more closely resemble T. meridionalis from Sicily and T. cf. meridi-
onalis from the Valencian Country in the possession of a globulous
shell that lacks any groove-like depression and displays a non-
undulating outer apertural lip.

Given the similarities in shell shape and coloration pattern, as well
as in opercular morphology and proportions, we assign the described
specimens from southern Catalonia to T. cf. meridionalis. Until re-
cently, T. meridionalis was only known to be present in Sicily and
Tunisia (Kristensen, 1986; Cossignani & Cossignani, 1995; Zettler &
Richard, 2003; Zettler & Van Damme, 2010; Welter-Schultes, 2012),
although the results by Bunje & Lindberg (2007) already suggested
that the species might be more widely distributed throughout south-
ern Europe, from Greece to Spain. The geographic distance between
the Iberian Levant or the Balearic Islands and Sicily is certainly
greater than that between Tunisia and Sicily (about twice), but the
resulting distribution is not exaggeratedly large as compared with
that of T. fluviatilis, particularly when it is taken into account that
T. meridionalis is dispersed by birds (Zettler & Van Damme, 2010).
Incidentally, T. meridionalis was already reported from Spain in the
19% century. In particular, Pérez Arcas (1861: p. 496) mentioned the
presence of “[Nerita] meridionalis Phil” in Spain, although he did
not provide any description or mentioned a particular locality in
this zoology textbook. Subsequently, in the catalog of the former
conchological collection of F. Martorell, Martorell y Pefia & Bofill
y Poch (1888: p. 34) mentioned specimens of Neritina meridionalis
from “Valencia”. These two citations were ignored by most subse-
quent authors, except Vidal Abarca & Suarez (1985), who compiled
them but concluded that the presence of T. meridionalis in the Ibe-
rian Peninsula was doubtful. According to their museum label, the
specimens reported by Martorell y Pefia & Bofill y Poch (1888), cur-
rently housed at the Museu de Ciéncies Naturals de Barcelona, come
from Albaida (Valencia), which roughly coincides with one of the
two localities from which T. velascoi was originally described (sur-
roundings of Albaida; Graells, 1846; see also Gasull, 1971; Martinez-
Orti & Robles, 1996; Martinez-Orti et al., 2009c). Our inspection of
these specimens supports their attribution to T. meridionalis, based
on their overall shell and opercular proportions, the shape of the cal-
lus, and the presence of both apophysis and pseudoapophysis in the
inner side of the operculum.

Our observations on the specimens from Albaida (province of
Valencia) and specimens from several localities in the province of
Castellon fully agree with the recent results by Martinez-Orti et
al. (2015), according to whom T. meridionalis would be widely dis-
tributed throughout the Iberian Peninsula, and the only valid species
of Theodoxus present in the Valencian Country (other than the ex-
tinct T. valentinus; see also Martinez-Orti in Ramos, 2014; Martinez-
Orti, 2015). Even if we are exceedingly cautious and assign the Ibe-
rian populations to T. cf. meridionalis, given the fact that this taxon
is currently considered to inhabit the Valencian Country (Martinez-
Orti, 2015), it should come as no surprise that it is also present in
southern Catalonia, if it was not by the fact that, thus far, T. fluvia-
tilis was the only species of Theodoxus recognized there (Alba et al.,
2011), including one of the two very same populations studied in this
paper (Quifionero Salgado & Lopez Soriano, 2014: fig. 2L). Our finds

therefore expand the know distribution of T. cf. meridionalis in the
Iberian Peninsula, by showing that it is present in the province of
Tarragona, overlapping in geographic distribution with T. fluviatilis.
Thus far, in Catalonia we have not found the two species occupying
the very same habitat, although they are very close to one another
at La Carrova (where T. cf. meridionalis is present in upwellings,
whereas T. fluviatilis is present in a drainage canal). This suggests
that, regarding water conditions, T. fluviatilis (which has been re-
ported to be quite tolerant to water pollution; Mouthon & Charvet,
1999) might be less stringent than T. cf. meridionalis (in agreement
with the fact that T. meridionalis is known to inhabit brooks and
springs in Sicily and Tunisia; Zettler & Van Damme, 2010), although
this hypothesis would require further research.

Summary and conclusions

Here we report the presence of T. cf. meridionalis in Catalonia
based on the qualitative and metrical study of the morphology of
the shell and operculum of two Theodoxus populations from the
province of Tarragona. Until recently, T. fluviatilis was the only spe-
cies of Theodoxus recognized in Catalonia, whereas T. meridionalis
was known from Sicily and Tunisia. However, most recently T. me-
ridionalis has been recognized as a widely distributed species in the
Iberian Peninsula (including the Valencian Country), based on popu-
lations that were formerly assigned to T. baeticus and other nominal
species. Until the recent molecular analyses for Iberian Theodoxus
are published in full, we prefer to use open nomenclature to refer
to the Iberian populations. However, the find of T. cf. meridionalis
in southern Catalonia is not surprising on biogeographic grounds,
since this taxon is also present in the Valencian Country. In any case,
the described populations from the province of Tarragona probably
represent one of the northernmost records of the species. Our finds
further unambiguously show that T. cf. meridionalis overlaps in geo-
graphic distribution with T. fluviatilis, which is otherwise widely dis-
tributed in Northern and Central Europe. Our study also represents
the first morphological and metrical characterization of the shell
and operculum of T. cf. meridionalis in the Iberian Peninsula, further
confirming that T. meridionalis from Sicily can be distinguished from
T. fluviatilis based on morphological grounds. In particular, T. me-
ridionalis and T. cf. meridionalis differ from T. fluviatilis by the more
globulous (relatively narrower) shell, the zig-zag coloration pattern,
the relatively narrower operculum with a more intense red band
and, especially, the presence of a pseudoapophysis on the inner side
of the operculum. In our opinion, the minor differences in shell pro-
portions and development of the opercular hinge structures between
T. cf. meridionalis from southern Catalonia and T. meridionalis from
Sicily (slightly broader shell, particularly in larger specimens, as well
as a narrower apophysis and a less well-developed pseudoapophysis
in the former) may be interpreted as reflecting intraspecific varia-
tion. However, the possibility that such differences are taxonomi-
cally relevant at the subspecies or even species level should not be
entirely discounted, pending the detailed publication of the molecu-
lar results by Martinez-Orti et al. (2015). We hope that, in the future,
the morphological criteria discussed in this paper will help to better
characterize the respective geographic distributions of both species
in the Iberian Peninsula.

Epilogue

Molecular tools offer the promise to solve longstanding taxonomi-
cal problems in malacology, but they require that the taxonomic attri-
bution of the analyzed specimens is solidly grounded on previously-
published descriptions and comparisons. Therefore, malacologists
devoted to morphology-based taxonomy should not ignore their
responsibility in providing the detailed descriptions and iconogra-
phy that are essential to characterize intra- and interspecific varia-
tion. Retrospectively, it seems most surprising that, for more than a
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century, Catalan malacologists (included ourselves; e.g., see Alba et
al., 2011) have been unable to recognize that two different species of
Theodoxus were present in our country. It is not the first time that
something happens in Catalonia, as illustrated by the case of Abida
gittenbergeri Bossneck, 2000, which for many years was mistaken
for Abida cylindrica (Michaud, 1829)—a similar and very common
species of the same genus that is also present in Catalonia (Boss-
neck, 2000; Tarruela Ruestes, 2006). In order to find something, you
need to be looking for it to begin with; and, to some extent, we are
all guilty of relying too much on previous species citations for a
particular geographic area (as nicely exemplified by the case of T.
fluviatilis in Catalonia). This procedure, to which one of the authors
(DMA) refers as the “If it’s Tuesday, this must be Belgium” Principle
(in allusion to a renowned movie of 1969 directed by Mel Stuart),
is unavoidable when providing synthetic faunal lists for particular
regions based on previous literature. However, when studying par-
ticular groups and/or areas in more detail, we should ideally provide
detailed descriptions and always figure the studied specimens. This
is necessary to ensure that subsequent researchers can corroborate
or correct our assignments in the light of future discoveries and
taxonomic revisions. Therefore, we would like to see this paper as
an encouragement, to amateur and professional malacologists alike,
to prevent our literature-based preconceptions from overriding the
morphological differences that can be ascertained with the aid of a
caliper and a stereomicroscope.
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VERSIO CATALANA ABREUJADA

Introduccié. El genere Theodoxus (Gastropoda: Neritidae) és un
clade de molluscos d’aigua dolca (i salabrosa) amb desenvolupa-
ment directe distribuit a Europa, el sud-oest d’Asia i el nord d’Africa
(Bandel, 2001; Bunje & Lindberg, 2007), distingit amb rang de tribu
(Theodoxini; Bank, 2011), subfamilia (Theodoxinae; Bandel, 2001) o
fins i tot familia (Theodoxidae; Bandel, 2008). La diversitat actual
de Theodoxus, que s’enregistra des del Paleocé (Bandel, 2001, 2008),
s’atribueix a esdeveniments vicariants ocorreguts durant el Miocé
(després de la fragmentacié de la mar de Tetis) i la posterior diver-
gencia dels sis principals clades que en resultaren (Bunje & Lindberg,
2007). Les espécies de Theodoxus es caracteritzen per una conquilla
petita (<1 cm) i poc enroscada amb menys de 3 voltes i un opercle en
forma de D (Bandel, 2001, 2008). Atesa la gran variabilitat intraespe-
cifica en la forma i la coloraci6 de la conquilla de moltes espeécies, les
caracteristiques de I'opercle son una eina important per distingir-les
(Gloer & Pesi¢, 2015). L’articulacié de 'opercle és constituida per
una ‘costella’ (en anglés, ‘rib’) interna que pot estar acompanyada
per una ‘protuberancia’, ‘clavilla’ o ‘apofisi’ (en angles, ‘knob’, ‘peg’
o ‘apophysis’, respectivament; Bandel, 2001, 2008). La nomenclatura
varia segons els autors i els idiomes (Papp, 1953: pl. 1 fig. 18; Fechter
& Falkner, 1990: p. 114; Zettler et al., 2004; Gloer & Pesic¢, 2015: figs
1-2), perd en aquest article emprarem els termes ‘apofisi’ i ‘pseu-
doapofisi’ (Krijnen, 1997) per a referir-nos a la costella i la clavilla,
respectivament (Figura 1). A la base de I’apofisi, constituida per un
marge engruixit (la ‘costella’ en sentit estricte) i una part més am-
plia no engruixida (I"‘escut costal’; Gloer & & Pesi¢, 2015), hi trobem
també una callositat anomenada ‘cal-lus’ (Gléer & & Pesi¢ (2015).

Hom distingeix dos subgéneres actuals de Theodoxus (Baker, 1923;
Papp, 1953; Bandel, 2001; Bank, 2013), Theodoxus s.s. i Theodoxus (Ne-
ritaea), dels quals Theodoxus fluviatilis i Theodoxus jordani en soén
les respectives especies tipus. Suposadament, es distingeixen entre
d’altres per la presencia de pseudoapofisi en Neritaea, malgrat que
aquesta distinci6 no esta gaire ben fonamentada (Bandel, 2001), com
il-lustra el fet que Theodoxus meridionalis s’inclogui al subgénere
nominotipic (Bandel, 2001; Bank, 2013) malgrat que presenta una
pseudoapofisi distintiva (Bandel, 2001; Zettler & Richard, 2003), a di-
feréncia de T. fluviatilis, en qué aquesta estructura esta molt reduida
o és generalment absent (Papp, 1953; Fechter & Falkner, 1990; Bo-
don & Giovannelli, 1995; Bandel, 2001, 2008; Zettler & Richard, 2004;
Zettler et al., 2004; Gloer & Pesic¢, 2012, 2015; Markovié et al., 2014).
Les analisis moleculars de Bunje & Lindberg (2007) no refutaren de
manera conclusiva una relacié de grups germans entre els clades
de T. meridionalis i de Theodoxus (Neritaea) spp., tot i mostrar que
Theodoxus s.s. és probablement parafiletic. En tot cas, la utilitat de la
morfologia opercular per discriminar espeécies de Theodoxus esta ben
fonamentada a la literatura (e.g., Dagan, 1971; Gloer & Pesi¢, 2015).

Fins fa molt poc, es reportaven fins a cinc o sis espéecies de The-
odoxus s.s. a la peninsula Iberica (e.g., Bank. 2011; Welter-Schultes,
2012): I'especie tipus del génere, T. fluviatilis, ampliament distribuida
per Espanya, Portugal i altres indrets d’Europa (Falkner et al., 2001;
Bunje, 2005), a més de I'Orient Mitja i fins i tot el nord d’Africa (Gloer
& Pesic, 2012, 2015); Theodoxus baeticus, una espécie suposadament
amenacada del sud d’Ibéria (Andalusia, Murcia i el Pais Valencia;
Martinez-Orti et al., 2005a, 2009a; Martinez-Orti & Robles, 2008; Wel-

ter-Schultes, 2012) i també reportada de Mallorca (Beckmann, 2007);
Theodoxus hispalensis d’Andalusia, distingida com especie valida per
alguns autors (Bank, 2011, 2013), pero considerada un probable si-
nonim subjectiu posterior de T. baeticus per d’altres (Martinez-Orti
& Robles, 2008; Martinez-Orti et al., 2009a); Theodoxus elongatulus
(Morelet, 1854), de Portugal i 'oest de la peninsula Iberica; i Theo-
doxus velascoi i Theodoxus valentinus, dues especies suposadament
en perill critic (la segona es considera actualment extinta; Martinez-
Orti in Ramos, 2014; Martinez-Orti et al, 2015; Martinez-Orti, 2015)
d’una petita area del Pais Valencia (Robles et al., 1996; Martinez-Orti
& Robles, 1996; Pujante et al., 1998; Martinez-Orti, 1998; Martinez-
Orti et al, 2005b,c, 2009b,c; Martinez-Orti, 2007) que, en el passat,
s’han considerat o bé sinonimes (Gasull, 1971; Robles et al., 1996;
Martinez-Orti & Robles, 1996; Bank, 2011, 2013; Martinez-Orti, 2015)
o diferents I'una de I’altra (Martinez-Orti & Robles, 2003; Martinez-
Orti et al., 2005b,c, 2009b,c; Martinez-Orti, 2007; Welter-Schultes,
2012). Més recentment, a partir d’unes dades moleculars reportades
de manera preliminar, Martinez-Orti et al. (2015) conclogueren que
només hi ha tres especies de Theodoxus a la peninsula Iberica: T. flu-
viatilis, T. valentinus (recentment extingida), i T. meridionalis (vegeu
també Martinez-Orti, 2015). Segons aquests autors, tots els taxons
nominals de Theodoxus descrits a Iberia s’haurien de considerar sino-
nims posteriors d’alguna d’aquestes espécies, i T. meridionalis seria
Pespécie més ampliament distribuida (incloent-hi Portugal i les Illes
Balears).

De totes les espécies de Theodoxus ibériques, només T. fluviatilis
s’ha reportat a Catalunya (Haas, 1929; Bech, 1990; Alba et al., 2011),
incloent-hi les provincies de Girona (Chia, 1893; Rosals, 1916; Haas,
1916; Bofill et al., 1921; Margalef, 1946; Casadevall et al, 1985; Bech,
1990) i Tarragona (Bofill i Poch, 1921, 1924; Font Quer, 1921; Haas,
1924, 1929; Vidal Abarca & Suarez, 1985; Escobar i Arcarese, 1985;
Bros i Caton & Bech i Taberner, 1989; Bech, 1990; Oscoz et al., 2004;
Quifionero Salgado & Lopez Soriano, 2014). Bofill i Poch (1921: p.
94) identifica aquesta espécie de '“Acequia Mare del Camp” a Am-
posta com “una Theodoxia, ben segur la Th. fluviatilis”, perd remarca
que era “d’aspecte similar d’algunes de la regié valentina”. Posteri-
orment, Bofill i Poch (1924: p. 100) reporta 'espécie com “Theodoxia
fluviatilis L., var” i Font Quer (1921: p. 178) fou més explicit en refe-
rir-se a aquestes troballes, tot asseverant que, en aquesta zona, hi ha
“una var. [sic] de la Theodoxia fluviatilis L., remarcable per la menor
amplada i major alcada que li donen aspecte globulos, que recorda
tot seguit les formes de Valéncia”. Tanmateix, citacions posteriors de
T. fluviatilis d’aquesta area no assenyalaren les suposades caracteris-
tiques distintives d’aquesta ‘varietat’.

Fa un parell d’anys, amb I'objectiu de sintetitzar totes les citaci-
ons (publicades i inedites) de Theodoxus a Catalunya, comencarem
a examinar en detall els espécimens recol-lectats al sud del pais, i
identificarem dos morfs distints: I'un similar a T. fluviatilis, i I'al-
tre forca diferent d’aquesta espécie (tant pel que fa a coloracio, com
a morfologia de la conquilla i I'opercle). D’acord amb Bofill i Poch
(1921, 1924), aquest segon morf s’assemblava a alguns Theodoxus
del Pais Valencia. La seva comparacié amb les descripcions i ico-
nografia publicades d’espécies europees ens dugué a concloure que
aquest morf correspon probablement a T. meridionalis, fins fa poc
reconegut només de Sicilia i Tunisia (Kristensen, 1986; Cossignani
& Cossignani, 1995; Bodon & Giovannelli, 1995; Zettler & Richard,
2003; Bunje & Lindberg, 2007; Zettler & Van Damme, 2010; Welter-
Schultes, 2012). Les poques citacions antigues d’aquesta espécie a
la peninsula Ibérica (Pérez Arcas, 1861; Martorell y Pefia & Bofill y
Poch, 1888) foren qiiestionades (Vidal Abarca & Suarez, 1985) o des-
cartades (e.g., Bank. 2011) per autors posteriors, fins que Martinez-
Orti et al. (2015) recentment conclogueren que aquesta espécie esta
de fet molt ampliament distribuida a Ibéria. Ates que Martinez-Orti
et al. (2015) només publicaren els seus resultats en unes actes de
congrés (vegeu també el dictamen de Ramos, 2014), és dificil avalu-
ar-ne les conclusions en detall, tot i que és clar que aquests autors
inclouen en T. meridionalis les poblacions del Pais Valencia (vegeu
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també Martinez-Orti, 2015) i Mallorca (Illes Balears) que préviament
s’havien assignat a T. baeticus (e.g., Martinez-Orti et al., 2005a; Beck-
mann, 2007). A partir d’aquest moment seguirem aquesta assignacio
especifica per a aquestes poblacions, malgrat que només temptati-
vament (Theodoxus cf. meridionalis), fins que els resultats d’aquests
autors no es publiquin detalladament. En aquest article, descrivim
dues poblacions de Theodoxus del Montsia, i les comparem amb T.
fluviatilis, T. meridionalis de Sicilia, i T. cf. meridionalis del Pais Va-
lencia, per tal de discernir la identitat taxonomica de les primeres.
No pretenem pas proporcionar una revisié dels Theodoxus iberics,
siné simplement mostrar, de manera conclusiva, que a Catalunya
hi ha una espécie del génere que préviament no s’havia reconegut,
diferent de T. fluviatilis.

Materials i métodes. El material estudiat i descrit en aquest ar-
ticle inclou conquilles i opercles de les segiients localitats: Ullals de
Baltasar (Amposta, el Montsia, Tarragona, Espanya) [31T BF90], 1
m (2002 DMA leg.; 7/6/2003, LP leg.; 18/9/2004, AT leg.; 30/12/2008,
15/11/2014, JC & GG leg.); i Manantials de la Carrova (Amposta,
el Montsia, Tarragona, Espanya) [31T BF91], 5 m (18/9/2004, AT
leg.; 16/10/2004, AT, DMA & LP leg.; 14/10/2006, AT & DMA leg.;
8/12/2008, JC & GG leg.; 5/12/2015, JC & GG leg.). Que sapiguem,
Theodoxus mai no s’havia reportat dels Manantials de la Carrova,
pero si (com T. fluviatilis) dels Ullals de Baltasar (Quifionero Salgado
& Lopez Soriano, 2014). Fins el 2008, hi havia una poblacié de The-
odoxus en un canal de desguas secundari dels Ullalts de Baltasar,
posteriorment destruit durant les tasques de ‘restauracié’ que s’hi
dugueren a terme. Tot i que Quifionero Salgado & Lopez Soriano
(2014) assenyalaren que no hi havien trobat cap Theodoxus viu, el
2014 nosaltres verificarem que algunes poblacions encara sobrevi-
uen pels voltants dels Ullals de Baltasar. Quant als Manantials de la
Carrova, els abundants espécimens vius de Theodoxus que hi havia
el 2006 prop d’una font natural havien desaparegut el 2008, pero al-
menys un parell de petites poblacions encara sobreviuen en surgen-
cies properes a un canal de desguas en la mateixa area. Altres punts
del mateix canal de drenatge son habitats per Theodoxus fluviatilis.

La mostra utilitzada per a les comparacions meétriques inclou
conquilles i, en alguns casos, opercles, tant de T. meridionalis com
de T fluviatilis de les localitats que es detallen a continuacio. De T.
meridionalis (localitats préviament reportades de I'espécie; Zettler &
Richard, 2003; Bunje & Lindberg, 2007): riu Anapo a la necropoli de
Pantalica (Sortino, Sicilia) [33S WB0210], 200 m (5/1/2014, JC & GG
leg.); Cefalu, corrent de desguas d’un safareig medieval (Palermo,
Sicilia) [33S VC1410], 2 m (30/12/2013, JC & GG leg.); i riu Ciane, 5
km al SW de Siracusa (Sicilia) [33S WB2200], 3 m; 6/1/2014, JC & GG
leg., que es pot assimilar a la localitat tipica (segons Philippi, 1844).
De T. fluviatilis: Manantial de Vargas, Malejan (Saragossa, Espanya)
[30T XM2031], 500 m (8/7/2009, JC & GG leg.); Manantial de Argadir,
Deza (Soria, Espanya) [30T WL8191], 900 m (11/7/2009, JC & GG
leg.); Asasp, desguas d’una surgeéncia (Asasp-Arros, Pirineus Atlan-
tics, Franca) [30T YN9476], 272 m (11/07/2014, JC & GG leg.); i riu
Ebre a I’Assut de Xerta (Tivenys, el Baix Ebre, Tarragona, Espanya)
[31T BF8833], 6 m (2/2000, 18/9/2004, 2/6/2007, AT leg.; 16/10/2004,
DMA leg.; 15/7/2009, X. Marti leg.).

També s’examinaren conquilles i/o opercles de les espeécies i lo-
calitats que es detallen a continuacié. De T. cf. meridionalis: Fuen-
te del Toro (I’Alctidia de Veo, la Plana Baixa, Castello, Espanya)
[30S YK2621], 440 m (21/8/2006, DMA leg.); Fuente de los 50 Carfios
(Segorbe, I'Alt Palancia, Castelld, Espanya) [30S YK1515], 320 m
(21/8/2006, DMA leg.); Sueras, safareig i voltants (Sueras, la Plana
Baixa, Castelld, Espanya) [30S YK2826], 300 m (21/8/2006, DMA leg.);
Manantial de Castro (Sueras, la Plana Baixa, Castell, Espanya) [30S
YK2524], 400 m (21/8/2006, DMA leg.); Font de Sant Miquel (Viver,
PAlt Palancia, Castell6, Espanya) [30S YK0422], 660 m (6/12/2001,
JC & GG leg.); i Albaida (la Vall d’Albaida, Valéncia, Espanya) [30S
YJ1502], set espécimens dipositats al Museu de Ciéncies Naturals de
Barcelona (MZB 81 8802, nim. 36 de la Col-lecci6 Martorell; vegeu
Martorell y Pena & Bofill y Poch, 1888). De T. fluviatilis: canal de

reg paral-lel al km 7 de la carretera TV-3401 (Deltebre, el Baix Ebre,
Tarragona, Espanya) [31T CF01], 1 m (9/1999, DMA leg.), només
conquilles buides. De T. valentinus (localitat préviament reportada
per aquesta espécie; Gasull, 1971; Martinez-Orti et al., 2005b, 2009b):
riu dels Sants (’Alctdia de Crespins, la Costera, Valéncia, Espanya)
[30S YJ0817], 160 m (30/3/2013, 6/1/2015, JC & GG leg.), només con-
quilles buides. Finalment, de T. ?hispalensis (de validesa incerta a
partir de Martinez-Orti et al., 2015): Guadajoz (Sevilla, Espanya) [30S
TG7064], 40 m (JC & GG leg., 27/3/2013), dins de I’area de la localitat
tipica i on I'espécie s’ha considerat present (Welter-Schultes, 2012).

En l'apartat de Sistematica, proporcionem una curta llista de sino-
nims que fan referéncia a les citacions prévies del sud de Catalunya
atribuibles al mateix taxon que el material descrit. Altres citacions
d’aquest taxon a d’altres arees (incloent-hi aquelles referides en la
mostra de comparacid), aixi com altres citacions de Theodoxus en
larea d’estudi que podrien ser atribuibles a T. fluviatilis (e.g., Bros i
Catén & Bech i Taberner, 1989), en queden, per tant, excloses.

Per a les comparacions métriques, mesurarem la longitud i I'am-
plada de la conquilla i de l'opercle, mitjancant un peu de rei i un
estereoscopi amb ocular micrometric, respectivament, amb una
precisio de 0,1 mm. En tots dos casos es calcula un index de forma
(longitud/amplada). Les comparacions entre les mostres estudiades
iles de comparacio es feren mitjancant diagrames de caixa i analisi
de la variancia (ANOVA), amb comparacions post-hoc per parells
(Bonferroni). També es dugueren a terme regressions al-lomeétriques
(minims quadrats) amb variables transformades mitjancant logarit-
mes naturals. Les diferéncies de grau al-lométric entre grups es tes-
taren mitjancant analisi de la covariancia (ANCOVA). Totes les ana-
lisis estadistiques es dugueren a terme amb SPSS v. 17, tot agrupant
diverses mostres en tres grups diferents (excepte per a l'estadistica
descriptiva): Theodoxus de les dues localitats catalanes estudiades; T.
meridionalis de Sicilia; i T. fluviatilis.

Sistematica. Filum Morrusca Cuvier, 1795; classe GASTROPODA
Cuvier, 1795; subclasse NERITIMORPHA Golikov et Starobogatov,
1975; ordre CYCLONERITIMORPHA Bandel et Fryda, 1999; superfa-
milia NERITOIDEA Rafinesque, 181; familia NERITIDAE Rafinesque,
1815; subfamilia NERITININAE Rafinesque, 1815; tribu THEODOXINT
Bandel, 2001; génere Theodoxus Montfort, 1810; subgénere Theodoxus
Montfort, 1810.

Theodoxus (Theodoxus) cf. meridionalis (Philippi, 1836)
(Figures 2-3)
1921: Theodoxia fluviatilis (Linnaeus, 1758): Bofill i Poch, p. 94.
1921: Theodoxia fluviatilis var.: Font Quer, p. 178.
1924: Theodoxia fluviatilis var.: Bofill i Poch, p. 100.
2014: Theodoxus fluviatilis (Linnaeus, 1758): Quifionero Salgado &
Lopez Soriano, pp. 121-122, fig. 2L.

Material tipus: En la descripcié original no es va designar cap ti-
pus, i malgrat que es va figurar un especimen (Philippi, 1836: p. 159,
pl. IX fig. 13), desconeixem on es va dipositar el material.

Localitat tipica: Segons la descripci6 original (Philippi, 1836: pp.
159-160), la localitat tipica de T. meridionalis serien els “rierols de
Sicilia”, pero posteriorment el mateix autor (Philippi, 1844: p. 138)
especifica “rierols de Sicilia prop de Siracusa” (la nostra traduccié de
Poriginal en llati).

Material estudiat: Conquilles i opercles dels Ullals de Baltasar i
els Manantials de la Carrova (Amposta, el Montsia, Catalunya, Es-
panya).

Descripci6 del material estudiat: Conquilla dextrogira, solida, glo-
bosa, i poc enroscada (fins a a 3 voltes), més ampla que alta: longitud
maxima 6,9 mm; amplada maxima 9.0 mm; index longitud/amplada
mitja 0,8 (rang 0.7-0.9). L’obertura és vagament semicircular, amb
un llavi extern curvat, agut i indiferenciat, i un marge columel-lar
recte. Aquest ultim és cobert per un cal-lus semicircular o en forma
de mitja lluna, que és pla i més extensivament desenvolupat cap a la
part basal. La coloracié de la conquilla consisteix en un patré de ziga-
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zaga obscur (marronds a morat) i més o menys irregular, sobreposat
a un fons de color verd clar a ocre, i ocasionalment interromput a les
linies de creixement. La superficie de la conquilla és forca llisa i més
aviat brillant en els espécimens frescos, en qué sovint esta localment
erosionada en alguns punts, especialment a la protoconquilla i la
primera volta.

Opercle calcari i semioval, aproximadament el doble de llarg (o
d’alt) que ample, i més ample cap a la porcié basal: longitud maxi-
ma 4,3 mm; amplada maxima 2,3 mm; index longitud/amplada mitja
proper a 2,0 (rang 1.8-2.2). La superficie externa mostra linies de
creixement discernibles i és de color beix a grisos, excepte per una
banda vermellosa que en voreja la vora palatal. A la cara interna,
Popercle mostra una color gris clar, excepte per la banda de color
vermell intens (més conspicua que des de I'exterior), la qual s’ori-
gina prop de la part superior i progressivament s’afua cap a la part
inferior al llarg de la vora palatal de 'opercle. Malgrat que pot pre-
sentar algunes irregularitats, la major part de la superficie opercular
interna és forca plana, excepte per una insercié muscular distinta per
a I'adductor esquerre, la qual s’estén al llarg de les parts superior i
columel-lar de 'opercle, i mostra un relleu més baix que la resta de la
superficie opercular interna. En la porci6 inferior de la cara interna
de T'opercle, hi ha un cal-lus distint i moderadament engruixit, i a
sobre una apofisi (o costella) enroscada, amb una pseudoapofisi (o
clavilla) moderadament desenvolupada en la seva porci6 basal.

Mesures: L’estadistica descriptiva per a les mesures de la conquilla
en el material estudiat i les mostres de comparaci6 es reporten a la
Taula 1.

Comparacions: La morfologia de la conquilla dels espécimens des-
crits (Figura 2) s’assembla a la de T. meridionalis de Sicilia (Figura
4)ialade T cf. meridionalis d’altres indrets (Figura 5), incloent-hi
les proporcions globals de la conquilla i la presencia d’un callus
columel-lar en forma de mitja lluna que és més ample cap a la part
inferior de 'obertura. La coloraci6 dels especimens de Sicilia (Figura
4; vegeu també Kristensen, 1986: figs. 5-6; Cossignani & Cossignani,
1995: figs. p. 31; Bodon & Giovannelli, 1995: figs. 20-22; Zettler &
Richard, 2003: fig. 4; Welter-Schultes, 2012: fig. p. 38) es diferencia de
la dels espécimens descrits de Catalunya (Figura 2) per la més fre-
quent interrupcio del patrd de ziga-zaga, particularment en alguns
espécimens en qué el color de fons verdos és practicament obliterat
del tot en grans arees de la conquilla i esdevé uniformement negre,
morat o porpra. Aixo també s’observa en especimens de T. cf. meri-
dionalis de Castell6 a la peninsula Ibérica (Figura 5), els quals son
de vegades uniformement foscos o porpra, o poden mostrar graus
diversos d’interrupcio i/o obliteracié del patré de ziga-zaga. Malgrat
la considerable variabilitat en coloracié de la conquilla, el patré de
ziga-zaga observat en els espécimens descrits i altres conquilles de
T. meridionalis i de T. cf. meridionalis difereix del patré de coloracié
caracteristic que presenten els especimens de T. fluviatilis de Catalu-
nya i altres indrets (Figures 6-7). Els espécimens d’aquesta darrera
espécie de Catalunya (Figura 6) presenten generalment un disseny
marrd fosc o morat sobreposat a un fons verdos, blanquinds o de
color ocre, pero el patro esta tipicament constituit per ratlles més o
menys irregulars, que son aproximadament paral-leles a les linies de
creixement i que, quan sén interrompudes, tendeixen a formar llacu-
nes de forma irregular en comptes d’un patré de ziga-zaga. Quan es
consideren altres poblacions de T. fluviatilis (Figure 7; vegeu també
Zettler & Richard, 2004: fig. 4; Zettler et al., 2004: figs. 6-7; Zettler,
2008: figs. 19a—f, 20a—f, 21a—f, 22a-f, 23a-f, 24a-f; Gloer & Pesic,
2015: figs. 13-23), els patrons de coloracié séon més variables, i al-
guns espécimens mostren llacunes que tendeixen a fusionar-se en
amples bandes transverses, mentre que d’altres fins i tot sén uni-
formement foscos. Tanmateix, el patr6 de ziga-zaga que mostren
els especimens descrits no s’observa en T. fluviatilis. Endemés, els
espécimens d’aquesta darrera espeécie (Figures 6-7) es distingeixen
dels espécimens descrits (Figure 2) i d’altres poblacions estudiades
de T. meridionalis (Figura 4) i de T. cf. meridionalis (Figura 5) en la
morfologia de la conquilla (que sembla menys globosa i més ampla

amb relaci6 a l'altura) i la forma del cal-lus columel-lar (que és més
estret, no té una forma de mitja lluna tan clara, i s’expandeix més
cap a la porcié apical). Finalment, els espécimens descrits es poden
distingir facilment de T. valentinus, que presenta la conquilla elevada
i subturriculada, amb un solc molt caracteristic i evident a la darrera
volta que, endemés, fa que el llavi extern de I'obertura sigui ondulat
(Figura 8; vegeu també Graells, 1846: figs. 31-34; Fechter & Falkner,
1990: fig. 13 p. 114; Martinez-Orti et al., 2005b: figs. p. 335, 2009b: fig.
p. 277; Martinez-Orti, 2007: fig. p. 69; Welter-Schultes, 2010: fig. p.
30). Pel que fa a l'opercle, els espécimens descrits (Figura 3) s’assem-
blen més estretament als de T. meridionalis de Sicilia (Figura 9), i es
diferencien dels de T. fluviatilis (Figura 10) per la banda de color ver-
mell intens al llarg del marge palatal (poc aparent o només lleugera-
ment rosada en T. fluviatilis) i, especialment, per la preséncia d’una
pseudoapofisi distinta a la base de 'apofisi (vegeu la Figura 11 per a
una vista comparativa més detallada entre les diverses poblacions).
Encara que, en els especimens estudiats, I'apofisi és més estreta i
la pseudoapofisi menys desenvolupada que en els especimens de T.
meridionalis de Sicilia (vegeu també Bandel, 2001; Zettler & Richard,
2003: fig. 4f), és remarcable que aquesta darrera estructura és virtu-
alment absent en tots els espécimens estudiats de T. fluviatilis (vegeu
també Papp, 1953: pl. 1 figs. 13-16; Fechter & Falkner, 1990: fig. a p.
115; Bodon & Giovannelli, 1995; Bandel, 2001, 2008; Zettler et al.,
2004: figs. 6-7; Zettler, 2008: figs. 19g, 20g, 21g, 22g, 23g, 24g; Gloer
& Pesic, 2012: fig. 3¢, 2015: figs. 24-34; Markovic et al., 2014: fig. 2).

Quant a les comparacions morfometriques entre T. cf. meridionalis
de Catalunya, T. meridionalis de Sicilia, i T. fluviatilis, els resultats
de PANOVA per als indexs longitud/amplada (vegeu l’estadistica
descriptiva a la Taula 2 i els diagrames de caixa a la Figura 12) indi-
quen diferéncies significatives (p<0,001) tant per a la conquilla com
per a 'opercle. Les comparacions post-hoc per parells indiquen que,
malgrat la considerable superposicio, els tres grups difereixen signi-
ficativament 'un de I'altre. Aixi, T. fluviatilis presenta una conquilla
relativament més ampla que tant T. cf. meridionalis (p<0,001) com T.
meridionalis (p<0,001), pero els especimens de Sicilia també mostren
de mitjana una conquilla relativament més estreta que els de Cata-
lunya (p<0,01; Figura 13A). Pel que fa a les proporcions de I'opercle
(Figura 12B), les diferéncies sén més clares, en el sentit que només hi
ha una lleugera superposici6 entre T. fluviatilis, d’'una banda, i T. cf.
meridionalis i T. meridionalis de I’altra. El primer per tant presenta
(en termes relatius) un opercle significativament més ample que els
espécimens de Catalunya (p<0,001) i Sicilia (p<0,001), mentre que, en
canvi, els dos darrers grups no difereixen 'un de I'altre en absolut
(p=1,000).

Per tal d’investigar encara més la fiabilitat dels quocients de forma
a I’hora de distingir entre espécies, també investigarem els efectes
d’escalat de la mida mitjancant al-lometria (que té en compte la va-
riaci6 no lineal de la forma amb relacié a la mida). Les regressions
al-lometiques d’amplada vs. longitud de la conquilla transformades
logaritmicament (Taula 3; Figura 13A) mostren una considerable su-
perposicio entre els nuvols de dispersio dels tres grups, malgrat que
T. meridionalis de Sicilia tendeix a mostrar de mitjana una conquilla
més estreta que no pas T. fluviatilis; T. cf. meridionalis de Catalu-
nya presenta una tendencia similar perd menys marcada (tot essent
doncs, en certa mesura, intermedi en proporcions de la conquilla).
Els nostres resultats numerics (Taula 3) indiquen proporcions de la
conquilla isometriques (i.e., canvi lineal de la forma amb relacié a la
mida, de manera que els pendents al-lomeétrics no difereixen estadis-
ticament de la unitat quan es consideren els intervals de confianca
del 95%) per a T. cf. meridionalis de Catalunya, pero no pas per a T.
meridionalis de Sicilia (que presenta una relacié al-lometrica lleu-
gerament negativa; i.e., les conquilles esdevenen progressivament
més estretes en termes relatius a mesura que s’incrementa la mida
de la conquilla) ni per a T. fluviatilis (que presenta una al-lometria
lleugerament positiva). Els resultats de TANCOVA per als tres grups
simultaniament confirmen que hi ha diferéncies significatives en el
pendent al-lométric entre els grups investigats (p<0,001), de manera
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que no és possile testar si també hi ha diferéncies en el tall amb
ordenades al-lométric. Quan PTANCOVA es duu a terme tot definint
només dos grups—T. fluviatilis vs. T. (cf.) meridionalis—no es troben
diferéncies significatives ni en el pendent (p=0,061) ni amb el tall
amb ordenades (p=0,319). En conjunt, els nostres resultats per als
quocients de forma i les relacions al-lometriques de la conquilla sug-
gereixen que, malgrat tendir a presentar una conquilla més estre-
ta que T fluviatilis, aquesta tendéncia de T. meridionalis no és prou
marcada per permetre una atribucié inequivoca de les poblacions
catalanes.

Pel que fa a les regressions al-lométriques d’amplada vs. longitud
de lopercle transformades logaritmicament (Taula 3; Figura 13B),
com per a les proporcions de la conquilla també hi ha certa superpo-
sici6. Tanmateix, és remarcable el fet que la linia de regressié de T.
cf. meridionalis de Catalunya cau sobre la regressio de T. meridionalis
de Sicilia, i que totes dues regressions estan for¢a per sota de la de T.
fluviatilis. Endemés, en tots tres grups els pendents al-lometrics per
a lopercle no difereixen estadisticament de la unitat, la qual cosa
implica isometria (i.e., la manca de variaci6é no lineal de la forma
amb relacié a la mida). Aixo significa que les comparcions de les
proporcions de I'opercle fonamentades en els indexs de forma no es
veuen alterades per 'escalat de la mida en absolut, a diferéncia de les
proporcions de la conquilla. Els resultats de TANCOVA per als tres
grups simultaniament també ho confirmen, ja que mostren que no hi
ha diferéncies en el pendent al-lométric (p=0,884), malgrat que, ines-
peradament, les diferéncies en el tall amb ordenades tampoc no ho
son (p=0,055), aparentment degut a la superposicidé en proporcions
entre alguns espécimens de T. meridionalis del riu Ciane i els de T.
fluviatilis. Tanmateix, quan ’ANCOVA es torna a dur a terme només
amb dos grups—T. fluviatilis vs. T. (cf.) meridionalis—les diferéncies
en pendent son altre cop no significatives (p=0,550) pero les diferéen-
cies en el tall amb ordenades si que ho sén (p<0,01), tot confirmant
aixi que hi ha una diferéncia de grau al-lometric en les proporci-
ons de l'opercle entre T. fluviatilis i la resta de grups analitzats. En
conjunt, les nostres comparacions morfometriques indiquen que les
proporcions de 'opercle soén un criteri més clar que no pas les de la
conquilla per a distingir entre T. fluviatilisi T. meridionalis, 1 que les
proporcions de 'opercle que presenten els Theodoxus de Catalunya
descrits en aquest article donen suport a la seva assignacié a la dar-
rera d’aquestes especies.

Discussié. A més de millorar la comprensi6 de la filogenia de les
espeécies actuals de Theodoxus, les analisis moleculars de Bunje &
Lindberg (2007) evidenciaren els problemes relacionats amb I’atribu-
ci6 taxonomica dels Theodoxus ibérics. Aquests autors mostraren que
T. meridionalis de Sicilia pertany a un clade diferent que T. fluviatilis,
per0 trobaren que les mostres ibériques identificades com T. baeticus,
T. valentinus i T. fluviatilis, juntament amb les mostres de Theodoxus
sp. de Grécia, s’agrupaven amb les primeres. Espécimens de la pro-
vincia de Castell assignats a T. fluviatilis s’agrupaven amb especi-
mens de la provincia de Valéncia assignats a T. baeticus i, successiva-
ment, T. valentinus, mentre que suposats especimens de T. fluviatilis
de Valéncia s’agrupaven amb els de T. baeticus i T. valentinus. Si més
no, les identificacions de T. fluviatilis de Valéncia entraven en clara
contradiccié amb les dades moleculars (Bunje & Lindberg, 2007) i de-
vien ser, per tant, erronies. Aixi doncs, Bunje & Lindberg (2007) con-
clogueren que T. fluviatilis, a banda de ser 'espécie del génere més
ampliament distribuida (Bunje, 2005), també era una mena de calaix
de sastre. Resulta dificil avaluar, a partir de la literatura, a quines
espécies corresponen veritablement les mostres analitzades. En el
passat, s’argumenta que els espécimens de T. fluviatilis, T. baeticus, T.
valentinus i T. velascoi eren “facilment distingibles els uns dels altres
a ull nu” (A. Martinez-Orti, com. pers. en Bunje & Lindberg, 2007: p.
384; la nostra traducci6é de l'original anglés). Tanmateix, Martinez-
Orti et al. (2009a) ja conclogueren que la presencia de T. baeticus al
Pais Valencia requeria confirmacié molecular, i més recentment s’ha
argumentat, a partir de dades moleculars reportades de forma preli-
minar, que T. fluviatilis, T. valentinusi T. meridionalis son les uniques

espécies valides de Theodoxus a Ibéria (Martinez-Orti et al.. 2015),
de tal manera que T. baeticus i T. velascoi haurien de ser sinonims
posteriors d’altres taxons.

Comprensiblement en una comunicacid preliminar, Martinez-Orti
et al. (2015) no clarificaren explicitament les sinonimies dels taxons
nominals préviament descrits a la peninsula Ibérica (pero vegeu tam-
bé Martinez-Orti in Ramos, 2014). Segons Martinez-Orti et al. (2015),
T. meridionalis seria 'inica especie del génere present a Portugal,
la qual cosa implicaria que T. elongatulus és un sinonim posterior
de la primera. En canvi, a partir de la seva distribucié geografica, T.
baeticus i T. hispalensis (préviament considerat un probable sinonim
posterior de la primera; Martinez-Orti & Robles, 2008; Martinez-Orti
et al., 2009; Bragado et al., 2010) podrien ser sinonims de T. fluviatilis
o de T. meridionalis. En el cas de T. hispalensis, la primera d’aquestes
possibilitats és afavorida per la manca de pseudoapofisi en els espe-
cimens inclosos en la nostra mostra de comparaci6, mentre que la
situaci6 és forca més complexa per a T. baeticus.

Vidal Abarca & Suérez (1985) i Bragado et al. (2010) inclogueren
T. baeticus en la llista de sinonims de T. fluviatilis, la qual cosa s’adiu
amb la descripcié de dos possibles sintips de T. baeticus, procedents
de la col-leccié Lamarck i dipositats al Muséum de Geneve, per part
de Mermod (1953: p. 155, fig. 169). Segons aquest autor, I'opercle
d’aquests especimens manca de pseudopofisi, com en T. fluviatilis
pero a diferéncia de T. meridionalis. La sinonimia de T. baeticus amb
T. fluviatilis s’ha vist confirmada més recentment pels resultats mo-
leculars de Martinez-Orti in Ramos (2014: fig. 1), aparentment fo-
namentats en mostres de I’area tipus. Tanmateix, segons Martinez-
Orti et al. (2015), tant T. fluviatilis com T. meridionalis sén presents a
Andalusia, i aquest segon inclouria algunes poblacions préviament
atribuides a T. baeticus. Aixo explicaria la descripci6 de l'opercle de
T. baeticus del sud-oest d’Espanya amb apofisi i pseudoapofisi per
Fechter & Falkner (1990: p. 114 i fig. e p. 115). Les descripcions de
Popercle de T. baeticus per Martinez-Orti i col-laboradors (Martinez-
Orti & Robles, 2003: p. 179; Martinez-Orti & Robles, 2008: p. 481;
Martinez-Orti et al, 2009a: p. 273) també s’adiurien amb la morfo-
logia opercular descrita per a T. meridionalis, tant en aquest treball
com en la literatura prévia (Bandel, 2001; Zettler & Richard, 2003:
fig. 4f). En resum, malgrat que el taxon nominal T. baeticus (origi-
nariament descrit a partir d’especimens d’Andalusia, probablement
Sevilla; Martinez-Orti et al., 2009a) sembla ser un sinonim posterior
de T fluviatilis en comptes de T. meridionalis—altrament, el nom T.
baeticus tindria prioritat sobre T. meridionalis, ja que el primer fou
descrit el 1822 i el darrer el 1836—el primer s’ha aplicat el passat a
multiples poblacions actualment atribuides a T. meridionalis (Mar-
tinez-Orti et al., 2015; vegeu també Martinez-Orti in Ramos, 2014;
Martinez-Orti, 2015). Aix0 és especialment clar en el cas de pobla-
cions del Pais Valencia préviament assignades a T. baeticus (Gasull,
1971; Martinez-Orti & Robles, 2003; Martinez-Orti et al, 2005a),
incloent-hi aquelles que foren caracteritzades molecularment per
Bunje & Lindberg (2007).

Pel que fa a T. velascoi, aquesta espécie nominal fou descrita origi-
nariament en el mateix treball (Graells, 1846) que T. valentinus. Pos-
teriorment, ambdues especies foren sinonimitzades (Gasull, 1971;
Robles et al., 1996; Martinez-Orti & Robles, 1996; Bank, 2011, 2013)
o considerades diferents (Martinez-Orti & Robles, 2003; Martinez-
Orti et al., 2005b,c, 2009b.c; Bunje & Lindberg, 2007; Martinez-Orti,
2007; Welter-Schultes, 2012), segons dels autors. Com es desprén de
la descripci6 original, T. valentinus té una morfologia de la conquilla
molt distintiva (Graells, 1846: figs. 31-34; Fechter & Falkner, 1990:
fig. 13 p. 114; Martinez-Orti et al., 2005b: figs. p. 335, 2009b: fig. p.
277; Martinez-Orti, 2007: fig. p. 69; Welter-Schultes, 2012: fig. p. 30)
en comparacié amb T. velascoi (Graells, 1846: figs. 25-30; Martinez-
Orti et al., 2005c¢: figs. p. 337, 2009c: fig. p. 280). Tanmateix, aixo po-
dria simplement implicar I'existéncia de dos morfs diferents dins
d’una mateixa espécie (per exemple, Fechter & Falkner, 1990: fig. 12
p- 115 només reconegueren com a valida T. valentinus). De fet, hi ha
hagut forca discrepancies sobre quin dels dos noms de Graells (1846)
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hauria de tenir prioritat en cas de sinonimia. Robles et al. (1996) i
Martinez-Orti & Robles (1996. 2003), a I'igual que Gasull (1971), con-
sideraren que T. velascoi era el nom valid, mentre que, segons Bank
(2011), T. valentinus tindria prioritat. Segons el Principi del Primer
Revisor (ICZN, 1999: Art. 24.2.1), que en aquest cas aparentment és
Gasull (1971), T. velascoi seria el nom valid i T. valentinus només un
sinonim, en cas de considerar que aquestes dues espécies nominals
representen una Unica espécie. Per tant, el fet que Martinez-Orti et
al. (2015) i Martinez-Orti (2015) consideressin T. valentinus (i no pas
T. velascoi) com el nom valid, a diferéncia de publicacions preévies, in-
dica que aquests autors estan sinonimitzant implicitament T. velascoi
amb T. meridionalis, tal i com es confirma explicitament per Marti-
nez-Orti in Ramos (2014). Elogiem els esforcos de Martinez-Orti i
col-laboradors per a clarificar la identitat taxonomica dels Theodoxus
ibérics, i esperem veure els seus resultats publicats en detall aviat,
perqué de ben segur aclariran encara més l'estatus de les poblacions
ibériques incloses per aquests autors en T. meridionalis. Mentrestant,
no és possible determinar adequadament si T. meridionalis s.1. (i.e.,
sensu Martinez-Orti et al., 2015) és una espécie monotipica germana
de T. valentinus (vegeu Martinez-Orti in Ramos, 2014: fig. 1), una es-
pécie politipica (amb diverses subespécies geografiques), o fins i tot
un complex d’espécies estretament relacionades. Ateses aquestes in-
certeses, preferim ser cauts i assignar les poblacions estudiades me-
rament a T. cf. meridionalis—tot esperant la publicacié completa dels
resultats reportats preliminarment per Martinez-Orti et al. (2015).

Els especimens de Theodoxus del sud de Catalunya descrits en
aquest article es distingeixen clarament dels de T. fluviatilis per la
presencia tant d’apofisi com de pseudoapofisi a la cara interna de
Popercle. La nostra mostra de comparacié confirma que T. fluviatilis
presenta apofisi pero manca d’una pseudoapofisi distinta (Fechter &
Falkner, 1990; Zettler et al., 2004; Bragado et al., 2010; Welter-Schul-
tes, 2012; Gloer & Pesi¢, 2015). El mateix criteri permet la distincio
dels espécimens descrits respecte del taxon nominal T. hispalensis (a
partir dels espécimens de Guadajoz) i T. elongatulus (segons Morelet,
1845), independentment de la seva veritable identitat taxonomica
(vegeu més amunt). L Unica altra espécie ibérica valida de Theodoxus,
segons Martinez-Orti et al. (2015), que presenta apofisi i pseudoa-
pofisi ben constituides és T. valentinus (Fechter & Falkner, 1990;
Martinez-Orti et al., 2009b). L’atribuci6 dels espécimens descrits a
aquesta especie, que actualment es considera extinta (Martinez-Orti
in Ramos, 2014; Martinez-Orti et al., 2015; Martinez-Orti, 2015), es
pot descartar conclusivament a partir de la seva morfologia distin-
tiva de la conquilla. Cap de les caracteristiques diagnostiques de T.
valentinus esta present en les mostres de Catalunya, que s’assemblen
molt més a T. meridionalis de Sicilia i a T. cf. meridionalis del Pais
Valencia pel fet de presentar una conquilla globosa sense cap solc,
amb un llavi de 'obertura no ondulat.

Ateses les similituds en la forma i el patré de coloracié de la con-
quilla, aixi com en la morfologia i les proporcions de 'opercle, assig-
nem els especimens descrits del sud de Catalunya a T. cf. meridiona-
lis. Fins fa poc, T. meridionalis només es coneixia de Sicilia i Tunisia
(Kristensen, 1986; Cossignani & Cossignani, 1995; Zettler & Richard,
2003; Zettler & Van Damme, 2010; Welter-Schultes, 2012), tot i que
els resultats de Bunje & Lindberg (2007) ja suggerien una distribucié
forca més amplia. La distancia geografica entre el Llevant Ibéric o
les Illes Balears i Sicilia és certament més gran que entre Tunisia i
Sicilia (aproximadament el doble), pero la distribuci6 que en resulta
no és exageradament gran si la comparem amb la de T. fluviatilis,
especialment si tenim en compte que T. meridionalis es dispersa mit-
jangant ocells (Zettler & Van Damme, 2010). Curiosament, T. meri-
dionalis ja es reporta a Espanya al segle XIX (Pérez Arcas, 1861: p.
496; Martorell y Peiia & Bofill y Poch, 1888: p. 34), pero ambdues
citacions foren ignorades per la majoria d’autors posteriors (excepte
Vidal Abarca & Suarez, 1985, que les consideraren dubtoses). Segons
Petiqueta, els especimens reportats per Martorell y Pefia & Bofill y
Poch (1888), actualment dipositats al Museu de Ciéncies Naturals
de Barcelona, provenen d’Albaida (Valéncia), que aproximadament

coincideix amb una de les dues localitats a partir de les quals Gra-
ells (1846) descrivi T. velascoi (vegeu també Gasull, 1971; Martinez-
Orti & Robles, 1996; Martinez-Orti et al., 2009¢c). La nostra inspeccid
d’aquests espécimens dona suport a l'atribucié a T. meridionalis, a
partir de les proporcions de la conquilla i I'opercle, la forma del cal-
lus columel-lar, i la preseéncia tant d’apofisi com pseudoapofisi a la
cara interna de l'opercle.

Les nostres observacions dels especimens d’Albaida (Valéncia) i
d’altres localitats de la provincia de Castellé s’adiuen amb els resul-
tats de Martinez-Orti et al. (2015), segons els quals T. meridionalis
estaria ampliament distribuida a la peninsula Ibérica i seria 'inica
espécie valida de Theodoxus al Pais Valencia (excepte I'extinta T. va-
lentinus; vegeu també Martinez-Orti in Ramos, 2014; Martinez-Orti.
2015). Fins i tot si som extremadament cauts i assignem les poblaci-
ons ibériques a T. cf. meridionalis, atesa la seva presencia al Pais Va-
lencia, la troballa d’aquest mateix taxon al sud de Catalunya no seria
sorprenent, si no fos perque, fins ara, T. fluviatilis era '"inica espécie
de Theodoxus que s’hi reconeixia (Alba et al.. 2011), incloent-hi fins
i tot una de les dues poblacions estudiades en aquest article (Quifio-
nero Salgado & Lopez Soriano, 2014: fig. 2L). Les nostres troballes
expandeixen, per tant, la distribuci6 coneguda de T. cf. meridionalis
a la peninsula Iberica (provincia de Tarragona, on se sobreposa en
distribuci6 geografica amb T. fluviatilis). Fins ara, no hem trobat les
dues espécies ocupant exactament el mateix habitat, pero si molt
properes 'una de I’altra a La Carrova (on T. cf. meridionalis és pre-
sent en surgencies, i T. fluviatilis en un canal de desguas). Aixo sug-
gereix que T. fluviatilis (forca tolerant a la contaminaci6 de I'aigua;
Mouthon & Charvert, 1999) podria ser menys exigent, pel que fa a
les condicions de I’aigua, que no pas T. cf. meridionalis (d’acord amb
el fet que, a Sicilia i Tunisia, T. meridionalis habita en rierols i fonts;
Zettler & Van Damme, 2010),

Sumari i conclusions. Donem a conéixer la preséncia de T. cf.
meridionalis a Catalunya a partir de I'estudi qualitatiu i métric de
la morfologia de la conquilla i de 'opercle de dues poblacions de
Theodoxus de la provincia de Tarragona. Fins fa poc, T. fluviatilis era
I"inica especie de Theodoxus que s’hi reconeixia, mentre que T. me-
ridionalis es coneixia de Sicilia i Tunisia. Recentment, pero, T. meri-
dionalis s’ha considerat com una espécie ampliament distribuida a la
peninsula Ibérica, a partir de poblacions que previament s’assigna-
ven a T. baeticus i altres especies nominals. Fins que no es publiquin
de manera completa les recents analisis moleculars dels Theodoxus
ibérics, preferim emprar nomenclatura oberta per a referir-nos a les
poblacions ibériques. Tanmateix, la troballa de T. cf. meridionalis al
sud de Catalunya no és sorprenent en termes biogeografics, atés que
esta present també al Pais Valencia. En qualsevol cas, les poblacions
descrites de la provincia de Tarragona probablement representen
un dels registres més septentrionals d’aquesta especie. Les nostres
troballes també posen de manifest que, indubtablement, la distribu-
ci6 geografica de T. cf. meridionalis se superposa amb la de T. flu-
viatilis, que d’altra banda esta distribuida ampliament per I’Europa
del nord i central. El nostre estudi, endemés, representa la primera
caracteritzacié morfologica i métrica de la conquilla i 'opercle de T.
cf. meridionalis a la peninsula Ibérica, tot confirmant a més que T.
meridionalis de Sicilia es pot distingir morfologicament de T. fluvi-
atilis. En concret, T. meridionalis i T. cf. meridionalis es distingeixen
de T. fluviatilis per la conquilla més globosa (relativament més es-
treta), el patrd de coloracid en ziga-zaga, I'opercle relativament més
estret amb una banda de color vermell més intens i, especialment,
la preséncia d’una pseudoapofisi a la cara interna de I'opercle. En la
nostra opinid, les diferéncies menors en proporcions de la conquilla
i desenvolupament de les estructures de I’articulacié opercular entre
T. cf. meridionalis del sud de Catalunya i T. meridionalis de Sicilia
(conquilla lleugerament més ampla, sobretot en els especimens més
grans, aixi com una apofisi més estreta i una pseudoapofisi menys
ben desenvolupada en el primer) es poden interpretar com variaci6
intraespecifica. Tanmateix, la possibilitat que aquestes diferéncies
siguin taxonomicament rellevats a nivell de subespécie o fins i tot
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d’espécie no s’hauria de descartar completament fins que es publi-
quin en detall els resultats moleculars de Martinez-Orti et al. (2015).
Esperem que els criteris morfologics discutits en aquest article aju-
daran a caracteritzar millor les respectives distribucions geografi-
ques de totes dues espeécies a la peninsula Ibérica.

Epileg. Les eines moleculars ofereixen Iesperanca de resoldre
controveérsies taxonomiques persistents en malacologia, pero reque-
reixen que l'atribucié taxonomica dels especimens analitzats estigui
solidament fonamentada en descripcions i comparacions publicades
amb anterioritat. Per tant, caldria que els malacolegs dedicats a la
taxonomia morfologica no ignoressin la seva responsabilitat a ’hora
de proporcionar descripcions i una iconografia detallades, les quals
son indispensables per caracteritzar la variabilitat intra- i interespe-
cifica. En retrospectiva, sembla d’allo més sorprenent que, durant
més d’un segle, els malacolegs catalans (nosaltres inclosos, vegeu
Alba et al., 2011) haguem estat incapacos de reconeixer que hi ha-
via dues especies diferents de Theodoxus al nostre pais. No és el pri-
mer cop que passa tal cosa a Catalunya, com il-lustra el cas d’Abida
gittenbergeri, que durant molts anys es confongué amb Abida cylin-
drica—una espécie similar i molt comuna, també present a Catalu-
nya (Bossneck, 2000; Tarruela Ruestes, 2006). Per tal de trobar una
cosa, per comengar cal estar-la buscant; i, en certa mesura, tots som
culpables de recolzar-nos massa en citacions previes per a una de-
terminada area geografica. Aquest procediment, al qual un dels au-

tors (DMA) s’hi refereix com el Principi de “Si avui és dimarts, aixo
és Belgica” (en al-lusi6 a una coneguda pel-licula del 1969 dirigida
per Mel Stuart), és inevitable quan es proporcionen llistes faunisti-
ques sintétiques per a determinades regions, basades en la literatura
prévia. Tanmateix, quan s’estudien grups i/o arees concretes amb
més gran detall, idealment hauriem de proporcionar descripcions
detallades i sempre figurar els espécimens estudiats. Aixo cal per
assegurar-nos que els investigadors posteriors podran corroborar o
corregir les nostres atribucions a la llum de futurs descobriments i
revisions taxonomiques. Aixi doncs, voldriem veure aquest article
com un encoratjament, dirigit tant als malacolegs aficionats com als
professionals, de cara a evitar que les nostres preconcepcions bibli-
ografiques anullin les diferéncies morfologiques que tots plegats
podem avaluar amb ’ajuda d’un peu de rei i un estereomicroscopi.
Agraiments. Agraim a Francesc Uribe 'accés als espécimens del
Museu de Ciencies Naturals de Barcelona. Aquest article ha estat
elaborat per membres del “Grup de Malacofauna Continental de Ca-
talunya”, en el marc del projecte “MOLLUSCAT” de ’ACM. També
volem donar les gracies als tres revisors (Zoltan Féher, Josep Quin-
tana i Joaquin Lopez Soriano) d’alguna de les dues versions prévies
d’aquest article, per les seves suggeréncies i comentaris critics, que
han contribuit a la seva millora de manera important. Aixo no signi-
fica que estiguin d’acord amb les opinions expressades en la versio
final publicada, les quals son completament responsabilitat nostra.



