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ABSTRACT: The genus Pyramidula presents a Palearctic geographical distribution, being
described in Spain four species not distinguishable from an anatomical point of view. In the
present study, we compare our samples along with the previously recognized species P.
rupestris, P. saxatilis, P. pusilla, P. cephalonica; P. jaenensis, and P. chorismenostoma by
means of molecular studies. Also, we compared P. jaenensis from the studied locality with
P. rupestris according to the shell shape by means of geometric morphometric methods. The
analysis of the Thin-Plate Spline graph showed that P. jaenensis presented an expansion on
the growth to the first whorls and the apex, whereas the height of the body whorl was
moderately contracted, while in P. rupestris the opposite was found. We found significant
differences between both species based on shell shape. We also provide new information
about morphological features that could be used in future studies of this genus attempting
to stablish a baseline to test whether the Spanish species are cryptic species or not. The
present study also extends the distribution of Pyramidula to Madrid, Spain, establishing for
the first time the presence of P. jaenensis in this Spanish province.
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PE3IOME: I'eorpaduueckoe pacnpocTpaHeHHE MpeacTaBuTene poaa Pyramidula npu-
ypoueHo k [Taneapkruke. Ha Teppuroprn Mcnanun omiucaHo YeThIpe BUIA POJIa, KOTOPBIC
HEOTJIHYUMBI [10 AHATOMHYECKUM MPU3HAKAM. B HaCcTOSIIIEM HCCIIEIOBAHUH MBI, HCTIOJIb-
3ysi METO/IBI MOJIEKYJIIPHOW (DUITOTE€HNH, CPABHUBAECM B3SIThIE HAMH POOBI K HMEIOIIUECS
JAHHBIC 110 BUnaM P. rupestris, P. saxatilis, P. pusilla, P. cephalonica; P. jaenensis, and P.
chorismenostoma. Mpl Tak)Ke MCHOJIB3YEM METOJIbI I€OMETPUYECKON MOpdoMeTpun s
cpaBHeHUs ()OPMBI PAKOBHH Yy P. jaenensis W3 UCCICIOBAHHOM JIOKAIUK C COBMECTHO
obwuratoteit P. rupestris. TPS ananu3s nokasain, 4ro P. jaenensis XapakTepHu3yeTcs paciiu-
penueM npu GOPMUPOBAHHUH IEPBOTO 0O0POTA U BEPIINHBI 3aBUTKA PAKOBUHBI, TOT/A KaK
BBICOTA MTOCJIETHEr0 000pOTa yMEPEHHO yMeHblnaercsi. Y P. rupestris Obliia oOHapyskeHa
MPOTHBOMOJIOXHAS KApTHHA POCTa PAKOBHUHBI . MbI OOHAPYKHIIH CYIICCTBCHHbBIC Pa3iu-
yus B (hopMe paKOBUHBI y ABYX M3YUEHHBIX BUAOB: P. jaenensis u P. rupestris. B xone
paboTh! ObUIa MONyYeHa HOBAs MHPOPMANHUs O JETAIIX MOP(OIOrHYECKOr0 CTPOCHUS
HCCIIeIOBAaHHBIX BUI0B, KOTOPAsi MOKET OBITh MCIIOJIb30BaHA B JIAJIbHEHIIIEM aHAIHM3E JUIs
PpeLIeHHUs BOIPOCA O TOM MOTYT JIH BHJIbI POJIa, 0OUTaIOIIKE HA TeppuTopuu Mcnanuu ObITh
Ha3BaHbl KpunTuieckumu. Hacrosiee ncciaeoBaHue Mo3BONISIET PACIIMPHUTH MTPEACTaB-
JneHust 00 apeaie pacrpocTpaHeHus pona Pyramidula, mockonbky Bupn P. jaenensis
BIIEpBbIC OOHAPYKEH B OKPECTHOCTSIX Majpuna.
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(Gastropoda: Pyramidulidac) based on an integrative taxonomy approach // Invert. Zool.
Vol.18. No.4. P.465-480. doi: 10.15298/invertzool.18.4.04
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YJINTKHU, MaJaKoJIOTHsl, MOJICKYJIIpHO-TeHeTnueckuit ananus, I[P, Manpun.

Introduction

The land snail genus Pyramidula Fitzinger,
1833 is mainly distributed in Europe, Mediter-
ranean area, Central Asia and Japan, inhabiting
limestone rocks from elevations ranging from
sea level to 3800 m.a.s.l (Schileyko, Balashov,
2012;Razkin et al., 2017). In Spain four species
had been described, P. jaenensis (Clessin, 1882)
occurring mainly to the South and East and P.
pusilla (Vallot, 1801), P. rupestris (Drapar-
naud, 1801 and P. umbilicata (Montagu, 1803)
occurring mainly to the North. According to
Martinez-Orti et al. (2007), peninsular species
cannot be distinguished by the analysis of its
genitalia due to the anatomical simplicity. In
spite of this, in other European species, this does

not happen (see Mylonas, 1982; Schileyko, Bal-
ashov, 2012). To make it more complex, sympa-
tric distribution had been mentioned for several
species (Razkin et al., 2017). This, along with
the species identification based only on shell
characters (e.g., Gittenberger, Bank, 1996;
Martinez-Orti et al.,2007) makes the taxonomy
of this group a jigsaw, leading to the idea that
Pyramidula is a cryptic species complex (Raz-
kin et al., 2017).

The Autonomous Community of Madrid,
located at the centre of the Iberian Peninsula
comprises an area of ca 8000 km? that presents
high complexity in terms of landscape and geol-
ogy (Karampaglidis et al., 2015). To the north,
we can find the highest elevation, and series of
Paleozoic granitic and metamorphic bedrocks
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Fig. 1. Map of the studied populations of Pyramidula spp. in Spain. VEG — Vegacervera, Ledn, Spain;
JAR — Jaraba, Aragon; ARA — Arafones, Aragon; PAM — Patones, Madrid; POM — Ponton de la Oliva,

Madrid.

Puc. 1. Kapra, nokaspiBaromias JOKalIW3alUI0 MCCIEAOBAHHBIX MOMyJSLUil BUAOB poaa Pyramidula B
Hcnannun. VEG — Vegacervera, Leon, Spain; JAR — Jaraba, Aragon; ARA — Arafiones, Aragon; PAM —
Patones, Madrid; POM — Pontén de la Oliva, Madrid.

with a transition to a plateau relief formed by
depositional blocks of evaporitic rocks, sand
rocks, clays and loams with scarce carbonate
shelves (Yagiie, 1979).

The presence of carbonates and the avail-
ability of calcium is a necessary condition for a
good development of land snail communities
basically because the shell is mostly composed
of calcium carbonate, and it is essential for
reproduction and other physiological processes
(Welter-Schultes, Williams, 1999; Hotopp,
2002; Jutickova et al., 2008).

Due to this, the species richness of molluscs
on Madrid could be determined by those zones
with an appropriate level of calcium, which
according to Allas et al. (2001), are located
more to the south, and at some limestone chunks
surrounded by the metamorphic-granitic bed-
rocks to the north.

Despite this panorama, Aparicio (2006) cited
a diversity of 47 species and 18 families of
molluscs within Madrid, undoubtedly surpassed
by many other regions of Spain. So, studies that
reveal the presence of new species in Madrid,
will be interesting for malacology in general, at
the time that increases the diversity of this region.

Recent studies have revealed the phyloge-
netic relationship of most of the European spe-
cies of the genus and also provided a framework
for future identifications, and species delimita-
tion based on molecular data (COI + 16S) ap-
plying the phylogenetic species concept. It’s
noteworthy that the shell characters used to
define Pyramidula through the morphological
species concept is not reliable (Razkin et al.,
2016, 2017). Nevertheless, anatomical studies
still are needed to redefine the species based on
integrative taxonomy.
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Table 1. List of the material used for this study.
Tabnuma 1. Marepuai, UCTIONB30BAaHHEIA B paboTe.
Sample Species Date Locality Collectors*
JPM-246 P. jacnensis  06/01/2020 ~ Lonton de la Oliva, JPM, GCG
Madrid. Spain
JPM-247 P. jacnensis  06/01/2020  Lonton de la Oliva, JPM, GCG
Madrid. Spain
JPM-248 P. jacnensis  06/01/2020  Fonton de la Oliva, JPM, GCG
Madrid. Spain
JPM-170 P. jaenensis  24/03/2019 Patones, Madrid. Spain ~ JPM, MCP
. . Pontoén de la Oliva, JPM, MCP,
JPM-201 P. jaenensis 01/11/2019 Madrid. Spain GCG
JPM-425 P. rupestris  14/09/2020 ;’;ag;cewera’ Leon, IPM
JPM-200 P. rupestris  10/04/2019 Jaraba, Aragon.Spain JPM, FGG
. . JPM, MCP,
JPM-301 P. rupestris  03/11/2018 Jaraba, Aragon.Spain IMR
MNCN . . .
15.15/25310 P. jaenensis Ubeda, Jaen, Spain
MNCN P. pusilla Arafiones, Aragon, FAM

15.15/25033

Spain

* JPM — Jonathan P. Miller; MCP — Miguel Carrillo Pacheco; FGG — Fernando Garcia Guerrero; GCG — Gerson
Cardenas Garcia; JMR — José Maria Requena; FAM — Florentino Azpeitia Moros.

On this work we aim to taxonomically rede-
fine P. jaenensis on the basis of molecular and
morphological data, using geometric morpho-
metrics to best characterize the shell shape,
joining all these sources of information to pro-
vide a general characterization for the species
by means of an integrative taxonomy approach.
At the same time, we extend the distribution of
Pyramidula within the Autonomous Communi-
ty of Madrid, Spain, mentioning for the first
time the presence of P. jaenensis for the region.

Material and Methods

Two populations were found in Madrid,
Spain (Fig. 1) collected during 2018-2020 (Ta-
ble 1) in the isolated outcrops of calcareous
rocks present in the area. In order to compare
these populations with other species of the ge-
nus, we incorporated to the study samples from
the type locality for the P. jaenensis. We also
included the species P. rupestris and P. pusilla
being some of the material, dry, from the Na-

tional Museum of Natural History, Spain col-
lection (Table 1).

The animals were drowned in water for 24h
and then fixed using Bouin (saturated picric
acid, formaldehyde, and acetic acid solution),
except for those designated to molecular stud-
ies, that were directly stored in ethanol 96%.
Posteriorly from the Bouin solution, they were
transferred to ethanol 80% and stored at room
temperature. The fixation with Bouin solution
helps to maintain cellular structure for future
histological studies, also it gives consistency to
the tissues in order to dissect the animals.

The shells of the samples designated for
anatomical dissection were removed using a
decalcifying 5% aqueous dilution of ethylene-
diaminetetracetic acid (EDTA). Anatomical
characters and terminology will be followed as
proposed by Schileyko (1998) for the genus.

Molecular species identification
Primary species identification was conduct-
ed using the phylogenetic species concept (El-
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dredge, Cracraft 1980; Cracraft, 1983), as pre-
vious studies for this genus have provided con-
sistent multilocus phylogenies (Razkin et al.,
2017) recording all the sequenced material on
GenBank where it is available for other molec-
ular studies. In our case, the lack of fresh sam-
ples reduced the scope of the research, includ-
ing only P. jaenensis and P. rupestris. P. pusilla
was not previously validated by any molecular
data.

Due to the small size of the animals, DNA
was extracted using the whole body. Nine indi-
viduals were analysed, corresponding to Pa-
tones (3), Jaraba (3) and Vegacervera (3). Isola-
tion was conducted using a DNeasy Blood and
Tissue kit (QIAGEN, Hilden, Germany). For
DNA amplification Cytochrome Oxidase I (COI)
was used with the following primers: LCOI11490
(Folmer et al., 1994) and COR722b (Wilke et
al., 2000).

PCR was realized under the following con-
ditions: each tube contained 1ul DNA, 2.5 ul of
10x Buffer, 0.6 ul dNTPs mix, 0.25 pl MgCl,
25mM solution, 0.6 of each primer (10 mM),
0.4 pl Tag DNS polymerase (5 U/ul — Takara)
and 17 pl purified distilled water. The cycling
conditions were 94 °C for 4 min, one cycle; 94 °C
for 45 secs, 48 °C (COI), 72 °C for 45 secs, 35
cycles; 72 °C for 10 min for the final extension,
after that kept at 4°C.

One microlitre of the PCR product was anal-
ysed to determine the quantity of DNA obtained
from the PCR. It was verified using 1% agarose
gel with SYBR Safe (Invitrogen, USA) to visu-
alize it under UV light. After that 10 pl of the
PCR product was cleaned using EXOSAP (Ther-
moFisher, USA), and then 5 pl of PCR product
plus primer (5 mM — Forward and Reverse)
were sequenced at Macrogen (Macrogen, Ko-
rea) based in Madrid.

The sequences, previously obtained, were
edited using SEQUENCHER v.5.4.6 (Gene
Codes, Ann Arbor, MI, USA). Sequences avail-
able from Genbank (Clark et al., 2016) were
downloaded using R 3.5.3 (Core-Team, 2017)
with the ape (Paradis, Schliep, 2018), seqinr
(Charif, Lobry, 2007) and rentrez (Winter, 2017)
packages. Posteriorly, all the sequences were
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aligned manually using MEGA v.7.0.14 (Ku-
mar et al.,2016) and the species Orcula dolium
(Draparnaud, 1801) was used as outgroup.

The Bayesian Inference (BI) analysis was
conducted using Markov chain Monte Carlo
(MCMC) sampling in MrBayes v3.2.2 (Huelsen-
beck, Ronquist, 2001; Ronquist, Huelsenbeck,
2003) for 20 x 10° generations, four parallel
chains, sampling a tree every 1000 generations.
The first 10% of the sampled trees were discard-
ed as burn-in. The convergence of the chain was
monitored by ensuring a standard deviation of
the split frequency < 0.01. The Bayesian poste-
rior probabilities (BPPs) were used as a mea-
sure of the robustness of the inferred tree. The
branch supports as well as all the tree editing
were donewith FigTreev.1.4.3 (Rambaut, 2012).

The Maximum Likelihood (ML) analyses
were computed using RAXML-HCP v.8
(Stamatakis, 2014) through The Cyber Infra-
structure for Phylogenetic Research — CIPRES
(Miller et al., 2010), using the GTR (Tavaré,
1986) + I + A model. A non-parametric boot-
strapping was assessed to determine the robust-
ness of the analyses and the majority-rule crite-
rion was selected to indicate the program to halt
bootstrapping automatically.

Geometric morphometrics of the shell

All the pictures and measures were taken
using a Leica MZ16 stereomicroscope with a
Leica DFC550 camera using the Leica Applica-
tion Suite (LAS) V4.6. For Geometric Morpho-
metric (GM) analysis a total of 212 shells were
photographed, corresponding to P. rupestris
(70), P. jaenensis (114) and P. pusilla (28). The
last species was included in the GM analysis but
as it comes from a museum collection, we as-
sumed a correct identification of the sample.
The rest of the localities used for GM, were
previously identified in the molecular section.

In order to extract the information about the
shape of the shell, a total of five landmarks and
13 semi landmarks were placed (Fig. 2). The
data with the coordinates were subjected to a
Procrustes superimposition (Gower, 1975) as a
way of removing the effect of size, orientation
and position from the information gathered by
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Fig. 2. A — configuration of landmarks (orange dots) and semilandmarks (red dots) used for the geometric
morphometric analysis; B-C — measures used for conchological comparisons.

Abbreviations: SH — shell hight; SW — shell width; UD — umbilicus diameter.

Fig. 2. A — NO3MIHOHUPOBAHIE METOK (PbIKHE TOUYKH) U MOJYMETOK (KpacHbIe TOYKH), HCTIOIb30BAHHBIX
JUISI TEOMETPUYECKOr0 MopoMeTpruueckoro ananuza; B—C — npoMepbl, HCMOIb30BaHHbIC ISl CPABHEHHUS

(OpMBI paKOBHHBI

Coxpamenus: SH — BpicoTa pakoBuHbl; SW — mupuna pakoBunsl; UD — nuameTp mymnka.

the landmark’s configurations. As a mean to
plot the morphological similarity among spe-
cies a Principal Component Analysis (PCA)
was performed (Jolliffe, 2002). The analyses
were conducted using PAST v.3.0 (Hammer et
al., 2020) and TPSdig 2.0 (Rohlf, 2006).

Differences between species were tested
using a PERMANOVA analysis with adjust-
ment of Euclidean distance (Anderson, 2005).
This is a non-parametric analysis used to per-
form a comparison between groups instead of
using parametric methods. In this case, the algo-
rithm tests the significance utilizing permuta-
tions of distance matrices, being the signifi-
cance criterion p < 0.05.

The PERMANOVA method could be af-
fected by the effect of the dispersion in the data
cloud (Anderson, Walsh, 2013), thus we per-
formed a test for homogeneity of multivariate

dispersions (PERMDISP, Anderson,2014) over
the same dataset to test the homoscedasticity of
the data. These analyses were conducted using
R v.4.0.0 (Core-Team, 2017) statistical envi-
ronment using the vegan package (Oksanen et
al.,2013) and for both analyses, 999 replicates.
ABBREVIATIONS: SH — Shell length;
SW — Shell width; UD — Umbilicus diameter;
CV — Coefficient of variation; Max — Maxi-
mum; Min — Minimum; bp — Base pairs.

Results

The cytochrome oxidase I dataset covered a
total of six species of Pyramidula, yielding a
matrix of 655 bp. By both Bl and ML P. rupes-
tris, P. saxatilis, P. pusilla, and P. cephalonica
(Westerlund, 1898),as well as the relation among
them, were well supported (p > 0.95, and boos-
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Fig. 3. Phylogenetic relationships of Pyramidula spp. inferred by maximum likelihood (ML) and Bayesian
Inference (BI) analyses of the COL.

Bootstrap and/or Bayesian posterior probability supports >75% and >0.95, respectively, are shown above the species
level (topology of the tree from ML analysis) indicated with “*”. Sequences obtained in this study are shown in red.
Puc. 3. Cxema (uioreHeTHYeCKUX OTHOIICHUH Pyramidula spp. noiy4eHHas METOJJaMH MaKCUMAaJIbHOTO
npasponogobust (ML) u BaitecoBckum anammzom (BI) amst COL.

Byrcrpan u/nnn BaitecoBckas anmoctepuopHas BEpOATHOCTb Ha ypoBHE >75% u >0.95, cOOTBETCTBEHHO, 0003HAYCHBI
«*» BBIIIE BHUJ0BOT'O YPOBHSA (TOI'IOIIOI‘PI;I JIEpEBa U3 aHalIM3a ML) CI/IKBCHCLI, TIOJIyYC€HHBIC JJISI OTOI'0 UCCJICOBAHUS,
BBIJICIICHBI KPACHBIM.
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Table 2. Uncorrected pairwise distances (percentages) among COI sequences from Pyramidula species.
Ta6muna 2. HekoppekTupoBaHHBIE TTOMapHbIe paccTOSHUS (%) MEKITy CHKBEHCAMU.

1 2 3 4 5 6
1 P. cephalonica -
2 P. jaenensis 9.2 -
3 P. rupestris 10.2 109 -
4 P. saxatilis 8.5 8.4 5.3 -
5 P. chorismenostoma 7.0 7.4 8.5 6.8 -
6 P. pusilla 9.2 9.7 7.0 5.9 8.4 -

@ Pyramidula jaenensis
® Pyramidula rupestris
® pyramidula pusilla

:FIHI

Fig. 4. Morphological similitude between P. jaenensis, P. rupestris and P. pusilla according to the shell
shape, with 18 landmarks. Thin-Plate Spline shows deformation of the consensus of each species against the
mean shape, red colour shows expansion while blue colour shows contraction.

Puc. 4. Mopdonorudeckoe nmonodue Mmexny P. jaenensis, P. rupestris u P. pusilla cornacHo aHanuzy popMbL
paxoBunsl o 18 metkam. Thin-Plate Spline mokassiBaet gedopmariy ycpeIHEHHBIX KOHPUTYPALUH 1Tt
Ka)XJI0r0 BHJa MPOTHB YCPEJHEHHOW (DOPMBI, KPACHBIM IIBETOM ITOKAa3aHO PACIIMPEHHE, CHHHM I[BETOM

IIOKa3aHO CXXaTHucC.

trap > 75%), while for P. jaenensis and P.
chorismenostoma (Westerlund, Blanc, 1879)
the relation with the other congeners was not
supported by any of the analysed methods (Fig.
3). The genetic distance between species based
on the uncorrected pairwise distance among
COI sequences ranged from 5.3 and 10.9%

(Table 2). Samples from Jaraba, Aragon, Spain
and Vegacervera, Ledn, Spain (Fig. 3, coded as
JPM425-1,2 and JPM200-1,2,3) were found to
cluster with P. rupestris, while samples from
Patones, and Ponton de la Oliva, Madrid, Spain
(Fig. 3, coded as JPM170-1 to JPM170-4) clus-
tered with P. jaenensis.
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A total of 212 pictures from six localities
were analysed, scoring the morphological sim-
ilarity among species of Pyramidula based on
the GM analysis of the shell shape. The PCA
(Fig. 4) accounted in the first two components a
total 64.9% of the shell shape variation, and
including the third component the accounted
variation was the 71.9% of the shell shape
variation. The first three components can differ-
entiate between P. rupestris and P. jaenensis,
nevertheless, the samples labelled as P. pusilla,
proceeding from Arafiones, Canfranc, Spain
clustered with P. rupestris. The included topo-
types of P. jaenensis were found to cluster with
the samples from Madrid.

The analysis of the Thin-Plate Spline graph
showed that P. jaenensis presented an expan-
sion on the growth to the first whorls and the
apex, while the height of the body whorl was
moderately contracted, while in P. rupestris the
opposite was found, a major expansion factor to
the body whorl and compression to the first
whorls and apex. In P. pusilla we found only an
expansion factor to the centre of the body whorl
(Fig. 4).

The PERMANOVA test showed overall sta-
tistical significance (p-value = 0.0001, F =
81.077) and the pairwise comparison deter-
mined statistical differences between P. jaenen-
sis and P. rupestris (p-value=0.003, R*=0.36);
P. jaenensis and P. pusilla (p-value = 0.003, R>=
0.33); P. rupestris and P. pusilla (p-value =
0.012, R?*= 0.05). Despite these results, the
PERMDISP was also significant (p-value =
0.001, F=33.011) depicting significant disper-
sion on the dataset.

Systematics

Class Gastropoda Cuvier, 1795
Subclass Heterobanchia Burmeister, 1837
Order Stylommatophora Schmidt, 1855
Superfamily Pupilloidea W. Turton, 1831
Family Pyramidulidae Kennard et B.B.
Woodward, 1914
Pyramidula jaenensis (Clessin, 1882)

Helix (Patula) jaenensis Clessin, 1882: 187
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Pyramidula rupestris var. jaenensis: Pilsbry, 1935:
185.

Pyramidula jaenensis: Ortiz de Zarate Rocandio, Ortiz
de Zarate Lopez, 1961: 189.

Pyramidula jaenensis: Gittenberger, Bank, 1996: 72—
73.

Pyramidula jaenensis: Martinez-Orti et al., 2007: 78.

Pyramidula jaenensis: Razkin et al., 2017: 67-68.

MATERIAL EXAMINED: see Table 1.

TYPE LOCALITY: according to the origi-
nal description: “Jaen, Hispaniae” Clessin (1882:
187)

DESCRIPTION: Shell conical-turbinate,
moderately thin-walled, 4—5 whorls, each whorl
with convex sides. Shell higher than broad, or
about equal in high and breadth (Fig. SA-E).
Shell dimensions as follow: SH = 2.21 + 0.28
mm; CV=0.13 (Max: 3.02 mm—Min: 1.7 mm);
SW =2.19 £ 0.2 mm; CV = 0.09 (Max: 2.91
mm-—Min: 1.84mm); UD=0.52+0.11 mm; CV
=0.21 (Max: 0.88 mm —Min: 0.4 mm); SH/SW
=1.01 £ 0.07; CV = 0.07 (Max: 1.18 — Min:
0.85); UD/SW =0.24 £ 0.04; CV =0.17 (Max:
0.31 — Min: 0.18); N = 55 (Measured samples
from Patones, Madrid and Ponton de la Oliva,
Madrid). Protoconch with 1 %2 whorls (Fig. 5K,
0). Sculpture rugose at the embryonic shell,
changing gradually to radially striated at the
teleoconch; irregular and poorly marked striae.
Aperture oval, with cutting simple margins.
Umbilicus wide and perspective, measuring
about Y of the shell’s total width (Fig. S5L).
Colour dark corneous to brownish.

Animal dark pigmented. Reproductive sys-
tem hermaphroditic and ovoviviparous. Penis
small, gradually tapering from the penial cae-
cum to the epiphallus presenting an arrow shape
(Fig. 6E). Penial caecum broader than the penis,
poorly developed; epiphallus longer than the
penis, presenting a thickening at the junction
with the vas deferens. Reservoir triangular to
pyriform lying on the upper half of the uterus,
presenting a whitish amorphous substance, with-
out diverticulum; spermathecal duct, long, thin,
about 4 times the reservoir length. Vagina ca.
3.5-4 times longer than the penis, in fertilized
specimens containing well-developed embryos.

Radula containing ca. 170 anteriorly point-
ed V-shaped rows, each row contains about 25
teeth; radula formula 6-7—1-7-6; Central tooth
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Fig. 5. Shells of Pyramidula jaenensis. A — Ubeda, Jaén, Spain; B-C — Patones, Madrid, Spain; D-E —
Pontdn de la Oliva, Madrid, Spain; K — apical view of the shell; L — umbilical view; O — details of the
protoconch. Shells of Pyramidula rupestris. F-J — Jaraba, Aragon, Spain; M — apical view of the shell;
N — umbilical view; P — details of the protoconch. Scale bars: A-N —1 mm; O-P — 500 um.

Puc. 5. PakoBunsl Pyramidula jaenensis. A — Yb6ena, Xasx, Ucnanus; B—-C — Ilaronec, Manapun,
Ucnanwust; D-E — IlonTon ne na Onusa, Maapua, Ucnanus; K — anukaibHbli BUJT pakoBHHBI; L — BHJT
CO CTOPOHBI IMyITKa PakoBUHBI; O — JeTajn CTPOCHUsI MPOTOKOHXA. PakoBuHbl Pyramidula rupestris. F—J —
Xapaba, Aparon, Ucnanus; M — anukajibHbIi BUJT PAaKOBUHBI,; N — BHJI CO CTOPOHBI ITyIIKa PAaKOBUHBI,
P — neranu crpoenust nporokonxa. Macmradusrit mrpux: A-N —1 Mm; O—P — 500 mMxMm.
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Fig. 6. Anatomy of Pyramidula jaenensis from Patones, Madrid, Spain. A—B — complete animal, without
the shell, showing the buccal tentacles (B); C — digestive system; D — genitalia with the uterus empty; E —
details of the penial caecum and epiphallus; F — ventral view of the oesophageal neural ring; G — dorsal
view of the oesophageal neural ring. Scale bars: A, D, F-G — 500 pm; E — 200 pm.

Abbreviations: Ag — albumen gland; CC — cerebral commissure; CG — cerebral ganglia; Ep — epiphallus; Int —
intestine; PaG — parietal ganglia; Pc — penial caecum; PeG — pedal ganglia; PiG — pleural ganglia; Oes —
oesophagus; Pro — prostate; Rs — reservoir of spermatheca; Sto — stomach; VG — visceral ganglion;

Puc. 6. Anaromust Pyramidula jaenensis u3 Ilaroneca, Manpun, Mcmanus. A—B — 1ienoe )HBOTHOE 0e3
pakoBHHEI ¢ OyKKanbHBIMU IMynianbiamu (B); C — numeBapuTensHas cucreMa; D — mosoBas cuctema ¢
IMycTOW MaTKoi; E — merann cTpoeHMs MEHHAJbHOTO BHIpOCTa M smHdamioca; F — HepBHOE KOIBIO
MUIIEBO/IA, BUJ] C BEHTPAIBHOW CTOPOHBI; G — HEPBHOE KOJBIIO IMHIIEBO/IA, BUJI C JOPCAIFHON CTOPOHEI.
Macmrabusrii mrpux: A, D, F-G — 500 mxm; E — 200 mMrwMm.

Cokpamenusi: Ag — OenkoBas xeneza; CC — uepebpanbHas kommucypa;, CG — nepebpaiibHblii ranrimii; Ep —
smudamryc; Int — kumeunnk; PaG — mnapueranbHblil ranriauii; Pc — nennanbhblil BoipocT; PeG — mnenanbHbli
raurnid; PiG — nneBpanpublii ranrmii; Oes — numieBoxn; Pro — mpocrara; Rs — pesepByap cnepmarexu; Sto —
xkenynok; VG — BUCLEpaIbHbINA MaHTIIHH.

V-shaped, with a rounded cusp; lateral teeth
bicuspid; ectocone small triangular, endocone
large, V-shaped with a rounded cusp; marginal
teeth range from 6-11. Oesophagus long and
narrow, connecting to the proximal part of the
stomach; stomach cylindrical, 4-5 times longer
than wide (Fig. 6C), darkly pigmented. Oesoph-
ageal neural ring composed by nine ganglia
interconnected by short connectives; darkly pig-
mented; cerebral commissure short, its length is
less than the width of the cerebral ganglia or
about the same size. Left parietal ganglion

separated from the pleural ganglion and visceral
ganglion by short connectives. Right parietal
ganglion separated by a short connective from
the right pleural ganglion and fused to the vis-
ceral ganglion (Fig. 6F-G).

DISTRIBUTION: According to Razkin et al.
(2017) the species occurs in Southwestern Eu-
rope and North Africa, these areas correspond
mainly to the Iberian Peninsula, Southern France
and Apennine peninsula (Fig. 8). In this study,
we extend the distribution area of the species to
the central zone of the Iberian Peninsula.



476

MLNC N, Madrid - N
Pyramidula pusilla

15.08/25303
{Vallot, 1801}
Loc:  Arshones Casfranc
Huesca Espata

]
Col: Aspatis
Proc: Col Azpeitia 726
Det; A Mantinez-Ori (1996)

F.Cap: 1916
El: 42

Fig. 7. Pyramidula rupestris, A—B — shells from
Arafones, Aragén; C — original label according to
the collector Florentino Azpeitia Moros; D — current
label with a posterior shift to Pyramidula pusilla by
Alberto Martinez-Orti.

Puc. 7. Pyramidula rupestris, A—B — pakoBUHBI U3
Apanbenec, Aparon; C — opuruHaigbHas dTHKETKa
cornacHo cOopmuky®nopenTuny Asmnerna Mopo-
cy; D — HbIHEHIHAS STHKETKa C TMOCJICAYOIIUM
UCTIpaBJICHUEM BUI0BON uaeHTH(UKau Ha Pyra-
midula pusilla mo Ansbepro Maptunes-OpTH.

J.P. Miller et al.

REMARKS: This species is differentin shape
from the rest of the species here studied, this will
be further discussed. According to the radula,
we have found differences between P. jaenensis
and P. rupestris. Bowell (1915) cited for P.
rupestris a radular formula 11-7(8) —1-7(8) —
11, while we have found on P. jaenensis half
number of the marginal teeth (6). Also, accord-
ing to the sculpture of the protoconch we have
found differences between both species. We
found a rugose sculpture changing to moderate
striated in P. jaenensis while the sculpture in P.
rupestris is smooth with a lesser prominent
transition to the striated sculpture (Fig. 5 O, P).
Further studies are needed, fathoming out the
morphological characters here studied to find
suitable ways to delimit the species of this genus
in the Iberian Peninsula.

ECOLOGY: This species is widely distrib-
uted by all carbonated areas of the Iberian
Peninsula, being the availability of carbonated
rocks conditioning the presence of this species.
It occurs in calcareous walls occasionally sym-
patric with other Pyramidula species, being
found often also inhabiting sympatrically with
species of the family Chondrinidae Steenberg,
1925, in this case, we find it occurring with
Granopupa granum (Draparnaud, 1801).

Fig. 8. Distribution of Pyramidula jaenensis according to Razkin et al. (2017). Groups correspond to the

phylogenetic clades obtained by these authors.

Puc. 8. Pacnipoctpanenne Pyramidula jaenensis cornacno Razkin et al. (2017). I'pynnsl cOOTBETCTBYIOT
d)I/IJ'[OFeHeTl/ILleCKl/IM KilagaM, IMOJIy4€HHBIM 3TUMH aBTOPpaMU.
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Discussion

Our molecular analysis confirmed the taxo-
nomical position of our new records within P.
Jjaenensis. Also, when examining morphologi-
cal data these populations presented values in
shell size very close to the typical P. jaenensis
values described by Martinez-Orti ef al. (2007).
Although Almodovar et al. (1996) cited the
presence of Pyramidula in Madrid, we think
that this is a misidentified sample. Those au-
thors pointed out that they found the species
occurring under nearby poplar leaf litter on the
margins of the Tagus river and in the holes of
limestone on the edge of a rain-fed crop. This
habitat does not correspond with what has been
observed in Pyramidula. Instead, we think it
could be a juvenile of any other species of
Pupillidae W. Turton, 1831, that tends to have a
more similar habitat to the one described by
those authors.

Our comparison with P. rupestris, accord-
ing to the geometric morphometric analysis,
revealed also significant differences between
both species (Fig. 4). The PCA delimited P.
Jjaenensis and P. rupestris as separated well-
defined clusters which presented statistical sig-
nificance according to the PERMANOVA with
ap-value = 0.003. The Thin-Plate Spline graph
(Fig. 4) also depicted high differences in the
patterns of shell shape. While P. jaenensis pre-
sented an expansion factor to the apex, P. rupes-
tris presented the same expansion but more to
the columellar axis in the first whorl and the
aperture. This method could reveal morpholog-
ical differences between closely related species
or cryptic species that for bared eye could pass
unnoticed (Stone, 1998; Kirchner et al., 2016;
Vergara et al., 2017).

When we compared P. rupestris with P.
pusilla, we found that the geometric morpho-
metric analysis clustered together both species
with overlapping (Fig. 4). Although the PER-
MANOVA revealed significant differences (p-
value = 0.012), this could be a consequence of
the lack of homogeneity on the dataset (PERM-
DISP, p-value = 0.001) as suggested by Ander-
son (2001); Anderson et al. (2006) and Ander-
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son (2005).

So far, we did not confirm previously by
molecular methods the species P. pusilla be-
cause it is a dry collection material. Conse-
quently, we assume it is more likely to be a case
ofsamples misidentified. Thislot(MNCN 15.15/
25033) was initially identified by the collector
as P. rupestris, later on another resecarcher
changed it to P. pusilla (Fig. 7) Now our analy-
sesrevealed that when analysing the shells there
is no difference between what occurs in
Aranones, Aragon and our samples identified as
P. rupestris.

Most of the time we assumed that museum
samples are identified perfectly. On the con-
trary, in many cases this assumption is not
warranted (Elphick, 2008). Proper species iden-
tification can get stuck by morphology as in
Pyramidula (Razkinet al.,2016,2017) and also
by observer-level factors such as expertise (Sauer
et al. 1994). It is common to find examples of
the same problem in literature (e.g., Shea et al.,
2011, Barbanera et al., 2016, Kitchener et al.,
2020) and this case opens the opportunity of
new questions about both species that could be
addressed in future research.

As species of Pyramidula had been men-
tioned to occur sympatrically (Gittenberger, Bank,
1996), we found in geometric morphometrics a
consistent tool for species delimitation through
shell shape (Cardini, Elton, 2011; Rohlf, 2002).
This kind of analysis along with the use of other
sources of information such as DNA, morphol-
ogy, ecology or ethology will achieve the goal
of integrative taxonomy (Dayrat, 2005).

Preceding studies of this genus have focused
only on one source of information. While Git-
tenberger & Bank (1996) and Martinez-Orti et
al. (2007) focused strictly on conchological
data, the studies of Razkin et al., (2017) were
focused more on molecular data. This intro-
duced a valuable framework as they defined
molecularly the species. Nevertheless, the spe-
cies boundaries in some cases were inconclu-
sive as they delimited species based only on
shell dimensions.

If we take the idea that Pyramidula is a
complex of cryptic species as suggested by
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Martinez-Orti et al. (2007) and Razkin et al.
(2017), it would be very interesting to review
what we understand by P. jaenensis. According
to Razkin et al. (2017), their molecular species
delimitation showed two well-supported clades
(5A and 5C) and one unsupported group (5B).
However, when analysing the distribution of the
populations that were analysed, it shows nearly
no spatial overlap between groups (Fig. 8). This
leads us to wonder if P. jaenensis is occurring in
southern Europe by the Mediterranean slope
from Portugal to the Balkans, or if we have
considered three biological entities as just one.
The answer to this question requires further
studies where morphology is analysed in-depth,
using integrative taxonomy.
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