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The systematics and biogeographical history of the Eastern Mediterranean and Macaronesian land snail tribe
Allognathini (Helicidae: Helicinae) is investigated based on mitochondrial and nuclear DNA sequence data. Our
molecular phylogenetic analyses indicate that the genus-group systematics of the tribe needs to be revised. We
show for the first time that the narrow-range endemics Lampadia and Idiomela from the Madeira Archipelago
belong to Allognathini and represent together the sister group of the diverse Canary Island Hemicycla radiation.
We therefore suggest synonymising Lampadiini with Allognathini. Sister to these Macaronesian genera was the
Balearic Island Allognathus radiation. Pseudotachea was not recovered as a monophyletic group and the two
currently recognised species clustered in Iberus. Similarly, Adiverticula was not recovered as a monophyletic
group and clustered in Hemicycla. We therefore suggest synonymising Pseudotachea with Iberus and Adiverticula
with Hemicycla. The six genera in Allognathini, which we distinguish here (Cepaea, Iberus, Allognathus, Hemicycla,
Idiomela and Lampadia), originated in Western to South-western Europe according to our ancestral area esti-
mation and the fossil record. The disjunct distribution of the Balearic Islands and Macaronesian sister clades and
the mainly Iberian Iberus clade that separated earlier can be explained by the separation of the Betic-Rif System
from the Iberian Peninsula during the late Oligocene to early Miocene, along with independent Miocene dis-
persals to the Balearic Islands and Macaronesia from the Iberian Peninsula, where the ancestral lineage became
extinct.

1. Introduction

In recent decades, the Macaronesian Archipelagos (Azores, Cape
Verde, Madeira, Savages and Canary Islands) in the eastern Atlantic
Ocean off the European and African coasts and the Balearic Islands in the
Mediterranean Sea close to the coast of the Iberian Peninsula have been
the subject of an increasing number of studies addressing patterns of
colonisation and speciation of different terrestrial plants (e.g. Mort et al.,
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2002; Carine et al., 2004; Magri et al., 2007; Garcia-Maroto et al., 2009;
Vitales et al., 2014) and animal lineages, including arthropods (Stiiben
and Astrin, 2010; Amorim et al., 2012; Husemann et al., 2014; Machado
et al., 2017), vertebrates (Nogales et al., 1998; Arnold et al., 2008) and
molluscs (Van Riel et al., 2003; Greve et al.,2010, 2012; Harris et al.,
2013; Chueca et al., 2015, 2017; De Mattia, et al., 2018; Caro et al.,
2019; Brozzo et al., 2020).

The palaeogeographical history of the Macaronesian Archipelagos
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and the Western Mediterranean region is comparatively well-known and
placed within a well-defined timeframe (Geldmacher et al., 2000, 2005;
Rosenbaum et al., 2002; Kliigel et al., 2005; Jolivet et al., 2006;
Fernandez-Palacios et al., 2011). While active or passive overseas
dispersal is the only mode of colonisation for the Macaronesian Archi-
pelagos for terrestrial species because all islands are of oceanic origin
and have never been connected to the mainland (Fernandez-Palacios
et al., 2011), the origin of the endemic biota of the Balearic Islands has
been attributed to three primary events: 1) the Tyrrhenian vicariance
hypothesis in the Oligocene (Pfenninger et al., 2010; Bidegaray-Batista
and Arnedo, 2011; Lazaro et al., 2011), 2) colonisation across a land
bridge connection during the middle Miocene (Bover et al., 2008;
Chueca et al., 2015) and 3) the Messinian salinity crisis (Chueca et al.,
2017; Delicado et al., 2014; Fromhage et al., 2004; Lalueza-Fox et al.,
2005).

When analysing the biogeographical history of the Balearic Islands
endemic land snail genus Allognathus Pilsbry, 1888 in the family Heli-
cidae Rafinesque, 1815, Chueca et al. (2015) uncovered an unusually
disjunct distribution pattern, with Allognathus recovered as the sister
group of the Canary Islands endemic genus Hemicycla Swainson, 1840.
Two different scenarios were discussed by these authors that may
explain the colonisation of the Canary Islands: 1) from the Iberian
Peninsula after the colonisation of the Balearic Islands by the ancestor of
Allognathus during the middle Miocene, or 2) from the Balearic Islands,
once ancestral forms of Allognathus plus Hemicycla had colonised these.
Accordingly, the latter would have involved a long-distance dispersal
event from the Balearic Islands to the Canary Islands. In contrast, the
former would require the extinction of the last common ancestor of
Hemicycla and Allognathus in the Iberian Peninsula. Quintana Cardona
et al. (2015) opposed this view, criticising in particular that the
biogeographical hypothesis favoured by Chueca et al. (2015) about the
origin of Hemicycla relies on a too recent divergence time estimate be-
tween Allognathus and Hemicycla and consequently does not adequately
explain the area from which the ancestor of Hemicycla colonised the
Canary Islands.

Quintana Cardona et al. (2015) therefore proposed an alternative
scenario, under which the last common ancestor of Allognathus and
Hemicycla and the related genera Pseudotachea Boettger, 1909 and Iberus
Montfort, 1810 in the helicid tribe Allognathini Westerlund, 1903 would
have inhabited the northern part of the Western Mediterranean during
the Oligocene before the fragmentation of the Hercynian belt into the
blocks corresponding to the Balearic Islands, the Kabylias, the Rif-Betic
Cordillera, Corsica, Sardinia and Calabria began (Esu and Kotsakis,
1983; Rosenbaum et al., 2002). The fragmentation of the Hercynian belt
into these blocks in the Oligocene to Miocene would then have resulted
in the divergence of the lineages including Iberus and Pseudotachea
(inhabiting parts of the Iberian Peninsula) from that including Allogna-
thus and Hemicycla (inhabiting the Balearic Islands and the Kabylian
block) through vicariance. The vicariance event separating the Balearic
Islands and the Kabylias in the early Miocene (Bourrouilh, 1983; Rose-
nbaum et al., 2002) would accordingly have triggered the separation of
Allognathus and Hemicycla, with the ancestor of the latter colonising the
Canary Islands from North Africa once the Kabylian block had collided
with the African continent during the early to middle Miocene (Esu and
Kotsakis, 1983; Rosenbaum et al., 2002; Quintana Cardona et al., 2015).

Research in the past 15 years has considerably increased our un-
derstanding of the evolution and composition of Allognathini, with
Cepaea Held, 1838 aside from Allognathus, Hemicycla, Iberus and Pseu-
dotachea currently considered to belong to the tribe among extant Hel-
icidae (Neiber and Hausdorf, 2015; Razkin et al., 2015). Nordsieck
(2014, 2016, 2017) considered the Western and Central European fossil
genera Parachloraea Sandberger, 1873 (late Eocene to late Oligocene),
Palaeotachea Joos, 1912 (incl. Megalotachea Pfeffer, 1930) (early
Oligocene to late Miocene), Creneatachea Zilch, 1960 (early Miocene),
Frechenia Schlickum & Strauch, 1971 (Pliocene), Schlickumia Truc, 1971
(Pliocene) and possibly Titthodomus Pfeffer, 1930 (early Miocene) to be
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affiliated with the Cepaea-group, which suggests that these taxa may
belong to the Allognathini or its stem-group. Furthermore, Mandahl-
Barth (1950) considered the endangered short-range endemic Lampadia
webbiana (Lowe, 1831) (Neubert et al., 2019) from Porto Santo and
several of its satellite islets (Madeira Archipelago) to be related to
Hemicycla. The critically endangered Idiomela subplicata (Sowerby,
1824) (Neubert et al., 2019), the only other endemic helicid from the
Madeira Archipelago, may also be related to this group based on pub-
lished anatomical data (Cockerell, 1921; Hemmen and Groh, 1984), but
this has not been tested so far.

Some North African helicids, e.g. species assigned to the nominal
genus-group taxa Atlasica Pallary, 1917, Loxana Pallary, 1899, Massy-
laea Mollendorff, 1898, Rossmaessleria Hesse, 1907 or Maurohelix Hesse,
1917, have been considered as being possibly related to Iberellus or
Hemicycla (Hesse, 1931; Odhner, 1931; Forés and Vilella, 1993; Quin-
tana Cardona et al., 2015). Aside from few species belonging to the
helicid subfamilies Ariantinae Morch, 1864 (Sattmann, 1992) or Mur-
ellinae Hesse, 1918 (Ezzine et al., 2018), the latter introduced, or the
tribe Helicini (Neubert, 2014; Psonis et al., 2014; Korabek et al., 2015;
Ketmaier and Glaubrecht, 2015; Fiorentino et al., 2016), phylogenetic
studies have shown that the remaining North African helicids either
belong to Otalini Pfeffer, 1930 or Thebini Wenz, 1923 and that none are
closely related to Allognathini (Greve et al., 2010, 2017; Guiller and
Madec, 2010; Colomba et al., 2011, 2015; Neiber and Hausdorf, 2015;
Ali et al., 2016; Walther et al., 2016; Bouaziz-Yahiatene et al., 2017,
2019; Neiber, 2017; Holyoak et al., 2018, 2020; Sherpa et al., 2018;
Kneubiihler et al., 2019).

Considering the advances in helicid systematics and recent de-
velopments of methodological approaches in phylogenetic biogeog-
raphy (see, e.g., Lamm and Redelings, 2009; Ronquist and Sanmartin,
2011; Lawing and Matzke, 2014; Sanmartin and Meseguer, 2016 for
reviews), it is possible to compare different scenarios regarding Allog-
nathini biogeography. The present contribution, therefore, aims at 1)
testing the monophyly of Allognathini and the genera currently assigned
to the tribe using an increased taxon sampling compared to the study of
Chueca et al. (2015), 2) inferring the phylogenetic placement of Idiomela
Cockerell, 1921 and Lampadia Albers, 1854, 3) inferring a time frame for
the diversification of Allognathini and 4) re-evaluating the biogeog-
raphy of the tribe incorporating palaeogeographical data.

2. Material and methods
2.1. Taxon sampling

To resolve the phylogenetic relationships of genus-group taxa
included in the Allognathini and to infer the historical biogeography of
the group, representatives of all five currently accepted genera (plus two
subgenera) were included in the study. Additionally, L. webbiana and I.
subplicata were also included in the analyses. Aside from newly gener-
ated sequences, data from the following studies were included in the
analyses: Elejalde et al. (2005, 2008a, b), Neiber et al. (2011), Neiber
and Hausdorf (2015), Chueca et al. (2015), Ali et al. (2016), Neiber
(2017) and Bober et al. (2021). Species belonging to the tribes Helicini,
Otalini and Thebini, respectively, were included as an outgroup. The
classification and the collection data of the used specimens are compiled
in Supplementary Table S1. Species belonging to Hemicycla were
determined based on the taxonomic works and revisions by Odhner
(1931, 1937), Groh (1985), Ibanez et al. (1987, 1988, 2007), Alonso
et al. (1991), Groh et al. (1992, 1996), Neubert and Gosteli (2003),
Vega-Luz and Vega-Luz (2008), Yanes et al. (2009), Neiber et al. (2011,
2017), Castro et al. (2012), Verbinnen and Swinnen (2014), Bober et al.
(2021). In cases where species have not been revised, early synopses of
the land snail fauna of the Canary Islands (Mousson, 1872; Wollaston,
1878; Mabille, 1884, 1885) were used for determinations.



M.T. Neiber et al.
2.2. DNA extraction, amplification and sequencing

Total genomic DNA was extracted following a slightly modified
version of the protocol of Sokolov (2000) as detailed by Scheel and
Hausdorf (2012). Parts of the mitochondrial cytochrome c oxidase
subunit 1 (cox1) and the 16 S rRNA (16S) genes, as well as parts of the
nuclear ribosomal gene cluster including parts of the 5.8 S rRNA (5.8S)
gene, the complete internal transcribed spacer 2 (ITS2) and parts of the
28 S rRNA (28S) gene were amplified by polymerase chain reaction
(PCR). The primer pairs LCO1490 (5'-GGT CAA CAA ATC ATA AAG ATA
TTG G-3') plus HCO2198 (5'-TAA ACT TCA GGG TGA CCA AAA AAT
CA-3') (Folmer et al., 1994), 16Scsl (5'-AAA CAT ACC TTT TGC ATA
ATG G-3') plus 16Scs2 (5'-AGA AAC TGA CCT GGC TTA CG-3') (Chiba,
1999) and LSU1 (5'-CTA GCT GCG AGA ATT AAT GTG A-3') plus LSU3
(5'-ACT TTC CCT CAC GGT ACT TG-3') (Wade and Mordan, 2000) were
used, respectively.

PCR amplifications were carried out based on the protocols described
in Neiber et al. (2017) with slight modifications, i.e. in 25 pL volumes
containing 18.3 pL ddH0, 2.5 pL DreamTaq Green Buffer (Thermo
Fisher Scientific, Waltham, MA, USA), 1 pL dNTP mix (5 mM each,
biolabproducts, Bebensee, Germany), 1 pL of each primer (10 pM), 0.2 puL
DreamTaq DNA polymerase (Thermo Fisher Scientific) and 1 pL of the
template DNA under the following reaction conditions: an initial dena-
turation step at 94 °C for 2 min, 40 PCR cycles (94 °C for 30 s, 50-58 °C
for 30-40 s, 72 °C for 30 s) and a final extension step at 72 °C for 5 min.
Both strands of the amplified products were sequenced at Macrogen
Europe Laboratory (Amsterdam, The Netherlands). ChromasPro 1.7.1
(Technelysium, Tewantin, Australia) was used to assemble forward and
reverse sequence reads. Sequences were deposited at GenBank (see
Supplementary Table S1 for information on vouchers and GenBank
accession numbers).

2.3. Sequence alignment and phylogenetic analyses

Sequences were aligned with MAFFT (Katoh and Standley, 2013)
using the Q-INS-i iterative refinement algorithm and otherwise default
settings. PartitionFinder 2.1.1 (Lanfear et al., 2017) was used to select
the best evolutionary models for the Bayesian inference (BI) and
maximum likelihood (ML) analyses of phylogenetic relationships, con-
ducting exhaustive searches with a separate estimation of branch
lengths for each partition and with the Bayesian information criterion to
select among models. The models were limited to those available in
MrBayes 3.2.6 (Ronquist et al., 2012) as well as in Garli 2.1 (Zwickl,
2006). The data set was initially divided into two partitions corre-
sponding to 1) mitochondrial data and 2) the partial sequences of the
nuclear ribosomal gene cluster. Each of these partitions was further
subdivided and analysed with PartitionFinder separately. The mito-
chondrial data set was subdivided into 16S and the codon positions of
cox1. The nuclear ribosomal data set was subdivided into 5.8S, ITS2 and
288S.

The BI analysis was performed using MrBayes. Metropolis-coupled
Monte Carlo Markov chain (MC3) searches were run with four chains
in two separate runs with 50,000,000 generations under default priors,
trees sampled every 1,000 generations using default heating and the
evolutionary models and data partitions as suggested by the Partition-
Finder analyses. The first 50,000 generations of each run were discarded
as a burn-in. Diagnostics obtained from the MrBayes output were used to
assess stationarity and convergence, i.e. it was ensured that the average
standard deviation of split frequencies was smaller than 0.01, potential
scale reduction factors were close to 1 and effective sample sizes were
greater than 200 for all estimated parameters.

The ML analysis was performed using Garli with evolutionary models
and data partitions, as suggested by the PartitionFinder analyses and
otherwise default settings. Support values were calculated by boot-
strapping with 1,000 replications.

Heuristic maximum parsimony (MP) searches were conducted with
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Paup* 4.0b10 (Swofford, 2002) with unordered characters, 100 random
sequence addition replicates, tree bisection reconnection (TBR) branch-
swapping, and gaps treated as missing data. Support for internal
branches was assessed in Paup* by bootstrapping with 1,000 replica-
tions, using full heuristic searches with 10 random addition sequence
replicates, TBR branch swapping, and one tree held at each step during
stepwise addition.

Bootstrap support (BS) values from the ML and MP analyses as well
as posterior probabilities (PP) from the BI analysis were mapped on the
BI 50% majority-rule consensus tree with SumTrees 3.3.1, which is part
of the DendroPy 3.8.0 package (Sukumaran and Holder, 2010). PP
values > 0.95 and BS values > 70 were interpreted as positive support
for a node and PP values > 0.99 and BS values > 90 as strong support for
a node.

2.4. Inference of divergence times

Divergence times within Allognathini were dated using the Bayesian
algorithm implemented in Beast 2.4.1 (Bouckaert et al., 2014) based on
the concatenated mitochondrial and nuclear data assuming an uncor-
related relaxed log-normal molecular clock and using the same parti-
tioning scheme and nucleotide substitution models as in the BI analysis
described above. As tree prior, the Birth-Death model was chosen.
Calibration was based on late Eocene (Priabonian) fossils of Para-
chloraea assigned to the Helicinae by Wenz (1923) and Nordsieck (2014,
2017), and assumed to be closely related to the Cepaea group by Nord-
sieck (2014). We therefore specified a log-normal distribution for the
most recent common ancestor of the Helicinae and a minimum age of
33.9 Ma corresponding to the Eocene/Oligocene boundary and other-
wise default settings. The Beast analysis was run for 100,000,000 gen-
erations with a sampling frequency set to 50,000. Tracer 1.7.1 (Rambaut
et al., 2018) was used to check whether effective sample sizes for the
relevant estimated parameters were above 200. Ten per cent of the
generations were discarded as burn-in, and a maximum clade credibility
tree with median node heights was constructed with TreeAnnotator
2.4.1, which is part of the Beast 2.4.1 distribution.

2.5. Ancestral range estimation

Putative historical distributions patterns were evaluated using
ancestral range estimation. The biogeographical analyses were limited
to species lineages belonging to Allognathini by pruning replicate spe-
cies tips off the dated maximum clade credibility tree and removing
outgroups using Phytools (Revell, 2012) in R 4.0.2 (R Core Team, 2020).
For biogeographical analyses, the R package BioGeoBEARS (Matzke,
2013) was used. The following discrete areas were considered: 1) Ibe-
rian Peninsula (I) (excl. the Betic System), 2) Continental Europe (E)
(excl. the Iberian Peninsula), 3) Betic System (B), 4) Rif System (R)
(northern Morocco), 5) Balearic Islands (Ba) and 6) Macaronesian
Archipelagos (M) (Madeira Archipelago, Canary Islands). Species dis-
tributions were obtained from own observations and gathered from the
following literature sources (Mousson, 1872; Wollaston, 1878, Mabille,
1884, 1885; Garcia San Nicolas, 1957; Hemmen and Groh, 1984; Ibanez
et al., 1987, 1988; Altonaga et al., 1994; Puente Martinez, 1994; Bank
et al., 2002; Elejalde et al., 2005, 2008a, b; Manganelli et al., 2005;
Beckmann, 2007; Ibanez and Alonso, 2007; Seddon, 2008; Yanes et al.,
2009; Welter-Schultes, 2012; Liétor Gallego, 2014; Chueca et al., 2013,
2015; Cadevall and Orozco, 2016; Neiber et al., 2017). Probably human-
mediated introductions of Allognathus to the Iberian Peninsula and
southern France (Chueca et al., 2015; Cadevall and Orozco, 2016) or the
possible introduction of Pseudotachea to the Balearic Islands (Gasull,
1964; Altonaga et al., 1994) were not considered in the analyses.

The complex geological history of the Western Mediterranean region
with considerable displacement along with collisions and break-ups of
terranes (Rosenbaum et al., 2002) and dramatic sea-level fluctuations
during the Messinian salinity crisis (Krijgsman et al., 1999) was
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incorporated into the analyses by time-stratification and choice of
dispersal multipliers. Based on the palaeogeographical reconstructions
of Rosenbaum et al. (2002) and the extent of the Messinian salinity crisis
the following time periods were considered: 1) present to 5.33 Ma
(geographical settings approximately as today), 2) Messinian salinity
crisis (5.33-5.96 Ma; Ba + I, Ba + R, B + R connected), 3) late Miocene,
5.96-11.6 Ma (Ba + I and B + R not connected), 4) 11.6-12 Ma (Ba + B
presumably connected via the Betic-Balearic corridor (Riba, 1981;
Fontboté et al., 1990; Roca, 1996), B + R not connected), 5) middle
Miocene, 12-16 Ma (Ba + B and B + R connected), 6) late Oligocene/
early Miocene 16-25 Ma (B + I and B + R connected, Ba + B not con-
nected), 7) middle Oligocene, 25-29.5 Ma (B, Ba, L, R very close together
or connected) and 8) > 29.5 Ma (B, Ba, R connected to I forming part of
the Hercynian shield). Rate multipliers for areas with direct connections
were set to 1.0, those for regions separated by short stretches of water to
0.1, those for areas separated by wide stretches of water to 0.05 and
those for areas not directly connected or separated by vast stretches of
water to 0.000001 (Supplementary Table S2). Macaronesia was assumed
to have been colonisable from Iberia throughout the considered time
periods (rate multiplier 0.05) because emerged islands were probably
always present in the region from the Oligocene to the present
(Fernandez-Palacios et al., 2011). The colonisation of Macaronesia was
also assumed to have been possible from 16 Ma to the present time from
B and R, when these microplates moved towards their present-day po-
sitions. The maximum areas allowed was set to three. However, as most
extant taxa have ranges restricted to one area only, only ranges spanning
three areas that are observed today, were allowed. Additionally, two
area states which encompassed areas not directly adjacent during any of
the selected time periods or that were separated by wide stretches of
water during any of the selected time periods were not allowed.

Under these assumptions, two models were implemented in Bio-
GeoBEARS: 1) the dispersal-extinction—cladogenesis (DEC) model (Ree
et al., 2005; Ree and Smith, 2008) and 2) the DEC model allowing for
founder-event speciation (+J) (Matzke, 2014). Despite alleged concep-
tual and statistical problems with the DEC and DEC + J models and their
comparison via model selection (Ree and Sanmartin, 2018, but see the
response by D. J. Matzke at www. http://phylo.wikidot.
com/biogeobears-validation#DEC_DEC]j), a likelihood ratio test (LRT)
was conducted. However, the outcomes of the different analyses were
also compared based on empirical (biological, geographical) consider-
ations, as recommended by Ree and Sanmartin (2018). For comparison,
the DEC and DEC + J models without excluding ranges up to a maximum
of three allowed areas were also implemented in BioGeoBEARS and the
results compared to the more constrained models.

3. Results
3.1. Phylogenetic analyses

The final alignment had a length of 2,464 base pairs (bp): cox1 655
bp, 16S 924 bp, 5.8S 45 bp, ITS2 490 bp and 28S 350 bp. The Parti-
tionFinder analyses suggested to subdivide the data into three partitions:
1st plus 2nd codon positions of cox1 (GTR + I + G model), 3rd codon
positions of cox1 and 16S (GTR + I + G model) and 5.8S plus ITS2 plus
28S (K80 + G model).

All phylogenetic analyses recovered a clade including the genera
Allognathus, Cepaea, Hemicycla, Iberus, Idiomela, Lampadia and Pseudo-
tachea with strong support (PP: 1.00, BS (ML): 100, BS (MP): 97) (Fig. 1),
indicating that Lampadia and Idiomela from the Madeira Archipelago
belong to the Allognathini in the sense of Chueca et al. (2015). The two
Cepaea species formed a maximally supported group that was sister to a
clade including Allognathus, Hemicycla, Iberus, Idiomela, Lampadia and
Pseudotachea, which was supported by BI and the ML analysis, but
marginally not by the MP analysis (PP: 1.00, BS (ML): 81, BS (MP): 69)
(Fig. 1). A strongly supported clade including the representatives of
Iberus and Pseudotachea (PP: 1.00, BS (ML): 100, BS (MP): 96) was
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recovered as the sister group of a clade including Allognathus, Hemicycla,
Idiomela and Lampadia (PP: 1.00, BS (ML): 87, BS (MP): 67) (Fig. 1).
While the monophyly of Hemicycla, Idiomela and Lampadia was only
supported in the ML analysis (Fig. 1), the monophyly of Hemicycla (PP:
1.00, BS (ML): 99, BS (MP): 91) and Idiomela plus Lampadia (PP: 1.00, BS
(ML): 100, BS (MP): 99) was supported in all three analyses. Adiverticula,
proposed as a subgenus of Hemicycla and represented by H. pouchet
(Férussac, 1821) (=H. adansoni Webb & Berthelot, 1833, the type spe-
cies of the subgenus) and H. mascaensis Alonso & Ibanez, 1988, was not
supported as a monophyletic group (Fig. 1). Allognathus including the
subgenus Iberellus was recovered as a monophyletic group with maximal
support in all three analyses, with Allognathus (A.) graellsianus (Pfeiffer,
1848) as sister to Iberellus (PP: 1.00, BS (ML): 96, BS (MP): 88) (Fig. 1).
Although the clade including representatives of Iberus and Pseudo-
tachea was strongly supported in all three analyses, the relationships of
lineages within this clade were, at least concerning deeper nodes, not
well-resolved (Fig. 1). Pseudotachea splendida (Draparnaud, 1801) and
Pseudotachea liturata (Pfeiffer, 1851) did not form a monophylum,
instead P. liturata was joined, albeit only supported in the BI and ML
analyses (PP: 1.00, BS (ML): 74, BS (MP): 67), with a group of Iberus
species including I. angustatus (Rossmassler, 1854), I. guiraoanus
(Pfeiffer, 1853), I. ortizi Garcia San Nicolas, 1957, an unnamed Iberus
species and a specimen similar to I. m. loxanus (Schmidt, 1853) (Fig. 1).
Pseudotachea splendida was weakly joined with a maximally supported
clade including the type species of Iberus, I. gualtieranus (Linnaeus,
1758), and a likewise maximally supported clade including the taxa
belonging to the I. marmoratus (Férussac, 1821) complex (Fig. 1).

3.2. Estimation of divergence times

Based on the calibration of the origin of the Allognathini with the late
Eocene Parachloraea, the onset of the diversification of extant lineages of
Allognathini including Lampadia and Idiomela was inferred at 29.6 Ma
(95% highest posterior density interval (HPD): 25.0-34.7 Ma) (Fig. 2).
The split of Iberus from the lineage leading to Allognathus, Hemicycla,
Lampadia and Idiomela was dated at 24.4 Ma (HPD: 19.7-29.5 Ma) in the
late Oligocene, with the onset of diversification of extant lineages
belonging to Iberus (incl. Pseudotachea) starting at 18.5 Ma (HPD:
14.9-22.8 Ma) in the early Miocene (Fig. 2). The separation of Allog-
nathus from the lineage leading to Hemicycla, Idiomela and Lampadia was
dated at 18.1 Ma (HPD: 14.0-22.6 Ma), with the split of Allognathus s. str
and Iberellus dated at 7.0 Ma (HPD: 5.0-9.8 Ma) and the onset of
diversification of Iberellus dated at 4.5 Ma (HPD: 2.5-4.6 Ma) (Fig. 2).
Hemicycla separated from Idiomela plus Lampadia at 15.5 Ma (HPD:
12.1-19.7 Ma) during the middle Miocene, with an onset of diversifi-
cation of extant Hemicycla lineages starting at 11.1 Ma (HPD: 8.6-13.6
Ma). The split of Lampadia and Idiomela was dated at 7.7 Ma (HPD:
4.5-11.3 Ma) in the late Miocene (Fig. 2). The separation of the lineages
leading to the two extant species belonging to Cepaea was dated at 17.6
Ma (HPD: 11.7-24.5 Ma) (Fig. 2).

3.3. Ancestral range estimation

The results of the more and the less constrained ancestral area esti-
mations (concerning allowed areas) under the DEC and DEC + J models,
respectively, mainly differ in the estimation of the most likely ancestral
range at the root of extant Allognathini (incl. Lampadia and Idiomela),
the ancestral range of this clade excluding Cepaea and the ancestral
range of the clade including Allognathus, Hemicycla, Lampadia and Idio-
mela (Fig. 3). The results of the less constrained analyses under the DEC
and DEC + J models yielded identical most probable states across all
nodes (Table 1, Fig. 3). In these analyses, the ancestral range of Allog-
nathini (incl. Lampadia and Idiomela) and the ancestral range of this
group excluding Cepaea was estimated as B + Ba + M (Fig. 3), with an
estimated range contraction to B along the branch leading to Iberus (incl.
Pseudotachea) and an estimated range contraction to Ba + M along the
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Fig. 1. Phylogeny and diversity of Allognathini. A. Bayesian 50% majority-rule consensus tree from the analysis with MrBayes. Numbers at nodes correspond to
Bayesian posterior probabilities (left), maximum likelihood (middle) and maximum parsimony (right) bootstrap values. Only nodes with posterior probabilities > 0.5
and bootstrap values > 50 are annotated. B. Hemicycla (Hemicycla) plicaria (Lamarck, 1816), Spain, Tenerife, 28°20'44" N, 16°22'17° W, 9.6.2000, M. T. Neiber. C.
Hemicycla (Adiverticula) pouchet (Férussac, 1821), Spain, Tenerife, 28°30'27"" N, 16°14'53”" W, 26.8.2011, M. T. Neiber. D. Idiomela subplicata (Sowerby, 1824),
Portugal, Ilhéu de Baixo, 33°00'17" N, 16°23'07"” W, 20.10.2013, D. Teixeira. E. Lampadia webbiana (Lowe, 1831), Spain, Porto Santo, 33°5'29”" N, 16°18'13"” W,
31.3.2017, F. Walther. F. Allognathus (Allognathus) graellsianus (Pfeiffer, 1848), Spain, Mallorca, 39°47'23"" N, 2°53'27" E, 24.9.2010, A. Martinez-Orti. G. Allog-
nathus (Iberellus) hispanicus (Rossmaéssler, 1838), Spain, Mallorca, 39°49'42”” N, 2°50'15"” W, 7.12.2011, L. J. Chueca. H. Iberus alonensis (Férussac, 1821), Spain,
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branch leading to the genera endemic to the Balearic Islands and Mac-
aronesia (Fig. 3). Further range contractions to Ba and M were estimated
along the branches leading to Allognathus and the genera endemic to
Macaronesia, respectively (Fig. 3). An ancestral range on the Iberian
Peninsula was estimated in these analyses for Cepaea (Fig. 3).

The LRT (D = 8.01, df = 1, p = 0.0046, for In-likelihoods, see

Table 1) comparing the DEC and DEC + J models that were more con-
strained with regard to allowed ranges suggested rejecting the DEC

model in favour of the DEC + J model. The analyses under these models
both estimated a range of B + E + I for the ancestor of Allognathini (incl.
Lampadia and Idiomela) (Fig. 3). A most likely origin in I (DEC) or E
(DEC + J) was estimated for Cepaea, while M + R (DEC) or I (DEC + J)
were estimated for Allognathini excluding Cepaea, as well as for the
clade including Allognathus and the genera endemic to Macaronesia
(Fig. 3). A dispersal from M + R to I + Ba was estimated under the DEC
model to have occurred after the lineage leading to Allognathus split off,
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with a subsequent range contraction to Ba, while the ancestral lineage of 4. Discussion

Hemicycla, Lampadia and Idiomela became extinct in R (Fig. 3). Under the

DEC + J model, the Iberian Peninsula was estimated as the ancestral 4.1. Systematic implications

area of Allognathini (excl. Cepaea), from where Macaronesia and the

Balearic Islands were colonised independently (Fig. 3). The results of our phylogenetic analyses (Fig. 1) confirm the previ-

ously published results of Neiber et al. (2011), Chueca et al. (2015),
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Table 1

Likelihood scores and parameter estimates under different models implemented
in BioGeoBEARS. L: likelihood, d: anagenetic dispersal rate, e: extinction rate, j:
cladogenic dispersal rate.

Model InL Number of free d e j
parameters

DEC —-25.95 2 0.0189 1.0 x 0
(unconstrained) 10712

DEC +J —25.95 3 0.0189 1.0 x 1.0 x
(unconstrained) 1071 10°°

DEC -37.48 2 0.0316  0.0047 0
(constrained)

DEC +J -33.47 3 0.0244  0.0027 0.0155
(constrained)

Neiber and Hausdorf (2015) and Razkin et al. (2015) that the genera
Allognathus (with subgenus Iberellus), Cepaea (in the sense of Neiber and
Hausdorf, 2015), Hemicycla (with subgenus Adiverticula), Iberus and
Pseudotachea belong to a clade within the Helicinae for which the name
Allognathini is available. Additionally, our analyses suggest that the
monotypic genera Lampadia and Idiomela from Porto Santo and several
of its satellite islets in the Madeiran Archipelago (Hemmen and Groh,
1984; Seddon, 2008) belong to the Allognathini (Fig. 1). In contrast to
Mandahl-Barth (1950), who argued that Lampadia belongs to the Heli-
cinae and is allied to Hemicycla, Schileyko (2006) introduced Lamp-
adiini as a tribe in the subfamily Ariantinae stating that Lampadiini
“differs from all other tribes of Ariantinae by [the] vitrinoid shell,
oxygnathous jaw and [a] peculiar combination of anatomical features”
(Schileyko, 2006: 1786). Our phylogenetic analyses (Fig. 1) confirm the
view of Mandahl-Barth (1950), clearly rejecting the suggested classifi-
cation of Schileyko (2006). Therefore, we suggest synonymising Lamp-
adiini with Allognathini.

Pseudotachea has usually been considered as a separate genus allied
to Iberus in the last decades (e.g., Manganelli et al., 2005; Beckmann,
2007; Welter-Schultes, 2012; Chueca et al., 2015; Cadevall and Orozco,
2016). The results of our phylogenetic analyses, however, do not support
the monophyly of the two living species currently assigned to Pseudo-
tachea, i.e. P. splendida, the type species of the genus-group taxon, and P.
liturata, but recovered both species as representing different lineages
nested within a clade otherwise composed of taxa assigned to Iberus.
According to Hesse (1920), Garcia San Nicolas (1957), Gasull (1975)
and Aparicio and Ramos (1988) Iberus differs conchologically mainly by
the ornamentation of the shell. In Iberus, the shell is ornamented with
incised spiral and radial lines that form a reticulate pattern. In contrast,
the shell of Pseudotachea is almost smooth or has only very fine spiral
striae. Martinez-Orti (1999) noted though that populations of P. splen-
dida with reticulate ornamentation of the shell are not uncommon and
that an unambiguous separation of Iberus and Pseudotachea on the basis
of shell characters alone is therefore not possible. Anatomically, Pseu-
dotachea is reported to differ from Iberus by the cross-section of the love
dart (anchor-shaped or similar to the cross of the Teutonic Order in
Pseudotachea; cross-shaped with four sharp blades or two opposing sharp
blades and the other two blades with thickened tips in Iberus), the larger
dart sac and the higher number of terminal branches of the mucus glands
(4-22 in Pseudotachea; 2-6 in Iberus) that insert near the base of the dart
sac (Hesse, 1920; Garcia San Nicolas, 1957; Aparicio and Ramos, 1988;
Martinez-Orti, 1999). These characters are known to vary considerably
in other helicid genera (Hesse, 1920, 1931). Our phylogeny indicates
that the blades of the dart were modified independently in the two
species classified in Pseudotachea until now. Based on the results of our
phylogenetic analyses, we therefore suggest synonymising Pseudotachea
with Iberus.

Adiverticula has been introduced as a subgenus of Hemicycla to
accommodate species, in which the diverticulum of the bursa copulatrix
is missing (Ibanez et al. 1988; Neiber et al., 2011). Our phylogenetic tree
indicates that the diverticulum was lost independently in H. pouchet, the
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type species of Adiverticula, and H. mascaensis. Thus, we here suggest
synonymising Adiverticula with Hemicycla.

4.2. Historical biogeography and diversification of Allognathini

Chueca et al. (2015) inferred a middle Miocene colonisation of the
Balearic Islands by Allognathus or its ancestor via the Betic-Balearic
corridor that was proposed to have existed during the Lan-
ghian-Serravallian (Riba, 1981; Fontboté et al., 1990; Roca, 1996), a
colonisation scenario that has also been suggested for some vertebrates
(Adrover et al., 1985; Quintana and Agusti, 2007; Bover et al., 2008).
Support for the inferred time frame for the diversification of Allogna-
thini was mainly derived from the consistency of sea-level fluctuations
that took place in the Western Mediterranean from the Messinian to the
present with the diversification and secondary contacts of the phy-
logroups of Allognathus, as well as their distribution ranges in the
Balearic Islands (Chueca et al., 2015).

Our age estimates are mostly consistent with the previously pub-
lished results of Chueca et al. (2015) when considering the uncertainty
in the estimates (Fig. 3). Still, median ages are slightly older than those
obtained by these authors. A possible explanation is a different approach
to calibration, with the estimates obtained here deriving from a fossil
calibration rather than a geological event. Because of the difficulty of
accurately assigning fossil Helicoidea to specific lineages, our ages may
therefore represent slight overestimations of divergence times. None-
theless, our age estimate of 23.6 Ma (HPD: 22.1-32.7 Ma) (Fig. 2) for the
split of Thebini and Otalini is also congruent with the age estimate of this
split of approximately 22 Ma by Teasdale (2017) based on non-helicoid
fossil calibrations. Hausdorf et al., (2020) dated the split of Otalini and
Thebini at approximately 33 Ma and argued that their age estimates
might be about 33% too high compared to the results of Teasdale (2017),
which would imply a late Oligocene origin of Helicinae. According to the
discussion in Hausdorf et al. (2020), it cannot be excluded that Para-
chloraea belongs to the stem-group of Helicidae or could belong even to
the Sphincterochilidae Zilch, 1960, which are known from Eocene de-
posits (Nordsieck, 2014). Considering that the results obtained here fit
the dating of Teasdale (2017) rather well, the placement of Parachloraea
in Helicinae and Palaeotachea in Allognathini or its stem-group may also
be correct though.

The DEC model is known to estimate wide ancestral ranges (Ree
etal., 2005; Lamm and Redelings, 2009). Our ancestral range estimation
without putting constraints on the allowed areas, except for allowing a
range to be composed of a maximum number of three areas, inferred an
ancestral range of Allognathini excluding Cepaea in the Betic block, the
Balearic Islands and Macaronesia during the Oligocene and an ancestral
range for the lineage leading to Allognathus, Hemicycla, Idiomela and
Lampadia in the Balearic Islands and Macaronesia during the late
Oligocene and early Miocene (Fig. 3). Because of the large distances
between at least some of these areas during the Oligocene and the
Miocene (Fig. 3) and considering that most modern Allognathini have
small to very small ranges, we consider these ranges artefacts of the
analysis.

The DEC and DEC + J with constraints on permissible areas specif-
ically allowed independent colonisations of the Balearic Islands and
Macaronesia from the Iberian Peninsula and of Macaronesia from North
Africa, thus allowing to test the hypotheses proposed by Chueca et al.
(2015) and Quintana Cardona et al. (2015). The DEC model inferred an
ancestral range of Allognathini excluding Cepaea and for the lineage
leading to Allognathus, Hemicycla, Idiomela and Lampadia in Macaronesia
and the Rif System during the late Oligocene to early Miocene (Fig. 3). In
contrast, the DEC + J model inferred an ancestral range in the Iberian
Peninsula for these clades. A range in Macaronesia and the Rif System,
which would better fit the hypothesis of Quintana Cardona et al. (2015)
(although these authors proposed colonisation via the Kabylias) appears
not very plausible considering the geographical setting during the
Oligocene and Miocene and the absence of Allognathini fossils from
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North Africa, with the possible exception of Pseudotachea (Jodot, 1955;
Manganelli, et al., 2005). The LRT also rejected the DEC model in favour
of the DEC + J model and the fossil record also seems to better support
an Iberian origin of the ancestor of Allognathus and the ancestor of
Hemicycla, Idiomela and Lampadia, with numerous fossil taxa currently
assigned to the arguably Allognathini genera Palaeotachea (incl. Mega-
lotachea), Creneatachea, Frechenia, Schlickumia and Titthodomus
described from Central, Western to South-western European deposits
(Wenz, 1923; Pfeffer, 1930; Jodot, 1953a, b, 1955, 1958; Schlickum and
Strauch, 1971; Truc, 1971; Nordsieck, 1986, 2014, 2016, 2017; Harz-
hauser et al., 2014; Holtke and Rasser, 2016; Salvador et al., 2016).
Should the ancestral area estimation of the DEC + J model be correct,
the lineages giving rise to Allognathus and the Macaronesian genera
would have gone extinct in the Iberian Peninsula.

5. Conclusion

Based on our molecular phylogenetic analyses, we show that the
genus-group systematics of the Allognathini needs to be revised. In
particular, the narrow-range endemics Lampadia and Idiomela from the
Madeira Archipelago belong to Allognathini and represent together the
sister group of the diverse Canary Island Hemicycla radiation. Pseudo-
tachea is synonymised with Iberus and Adiverticula with Hemicycla. The
six lineages of the extant Allognathini originated in Western to South-
western Europe according to our ancestral area estimation and the fos-
sil record. The disjunct distribution of the Balearic Islands and Maca-
ronesian sister clades and the mainly Iberian Iberus clade that separated
earlier can be explained by the separation of the Betic-Rif System from
the Iberian Peninsula during the late Oligocene to early Miocene, along
with independent Miocene dispersals to the Balearic Islands and Maca-
ronesia from the Iberian Peninsula, where the ancestral lineage became
extinct.

CRediT authorship contribution statement

Marco T. Neiber: Conceptualization, Methodology, Validation,
Formal analysis, Writing - original draft, Writing - review & editing,
Visualization, Supervision, Resources, Data curation. Luis J. Chueca:
Conceptualization, Resources, Data curation, Validation, Writing - re-
view & editing. Amaia Caro: Resources, Data curation, Validation,
Writing - review & editing. Dinarte Teixeira: Resources, Data curation,
Validation, Writing - review & editing. Kevin A. Schlegel: Resources,
Validation, Writing - review & editing. Benjamin J. Gomez-Moliner:
Conceptualization, Resources, Validation, Writing - review & editing.
Frank Walther: Resources, Writing - review & editing. Matthias
Glaubrecht: Resources, Validation, Writing - review & editing. Bern-
hard Hausdorf: Conceptualization, Resources, Validation, Writing -
review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank J. Ahuir Galindo (Spain), R. F. Ali (Cairo University, Cairo,
Egypt), U. BoBneck (), H. N. Biischer (Belgium), A. J. de Winter (Nat-
uralis Biodiversity Center, Leiden, The Netherlands), K. Groh (Ger-
many), R. Janssen (Forschungsmuseum Senckenberg (SMF), Frankfurt,
Germany) and J. Santana Benitez () for the loan or donation of material.
We thank A. Martinez-Orti (Museu Valencia d’Historia Natural, Valencia
(MVHN), Spain) for the photograph of Allognathus graelsianus.

Molecular Phylogenetics and Evolution 162 (2021) 107196
Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ympev.2021.107196.

References

Adrover, R., Agusti i Ballester, J., Pons-Moya, J. & Moya Sola, S. (1985) Nueva localidad
de micromamiferos insulares del Mioceno medio en las proximidades de San Lorenzo
en la isla de Mallorca. Paleontologia i Evolucid, 18, 121-130.

Ali, R.F., Neiber, M.T., Walther, F., Hausdorf, B., 2016. Morphological and genetic
differentiation of Eremina desertorum (Gastropoda, Pulmonata, Helicidae) in Egypt.
Zoolog. Scr. 45, 48-61. https://doi.org/10.1111/zsc.12134.,

Alonso, M.R., Henriquez, F.C., Ibanez, M., 1991. Nuevas especies de moluscos terrestres
(Gastropoda, Pulmonata) de la isla de Alegranza (Archipiélago Canario). Bonner
zoologische Beitrage 42, 325-338.

Altonaga, K., Gomez, B., Martin, R., Prieto, C.E., Puente, A.L, Rallo, A., 1994. Estudio
faunistico y biogeografico de los moluscos terrestres del Norte de la Peninsula
Ibérica. Eusko Legebiltzarra, Vitoria-Gazteiz.

Amorim, L.R., Emerson, B.C., Borges, P.A.V., Wayne, R.K., 2012. Phylogeography and
molecular phylogeny of Macaronesian island Tarphius (Coleoptera: Zopheridae): why
are there so few species in the Azores? J. Biogeogr. 39, 1583-1595. https://doi.org/
10.1111/j.1365-2699.2012.02721 .x.

Aparicio, M.T., Ramos, M.A., 1988. A comparative study of the morphology of the
pulmonate snail Pseudotachea litturata (Pfeiffer) and other species of Pseudotachea,
Iberus and Cepaea. J. Molluscan Stud. 54, 287-294. https://doi.org/10.1093/mollus/
54.3.287.

Arnold, E.N., Vasconcelos, R., Harris, D.J., Mateo, J.A., Carranza, S., 2008. Systematics,
biogeography and evolution of the endemic Hemidactylus geckos (Reptilia,
Squamata, Gekkonidae) of the Cape Verde Islands: based on morphology and
mitochondrial and nuclear DNA sequences. Zoolog. Scr. 37, 619-636. https://doi.
org/10.1111/j.1463-6409.2008.00351.x.

Bank, R. A., Groh, K. & Ripken, T. E. J. (2002). Catalogue and bibliography of the non-
marine Mollusca of Macaronesia. In: M. Falkner, K. Groh, & M. C. D. Speight (Eds.),
Collectanea Malacologica, Festschrift fiir Gerhard Falkner (pp. 89-235, pls. 14-26).
Hackenheim: ConchBooks.

Beckmann, K.-H., 2007. Die Land- und Siisswassermollusken der Balearischen Inseln.
ConchBooks, Hackenheim.

Bidegaray-Batista, L., Arnedo, M.A., 2011. Gone with the plate: the opening of the
Western Mediterranean basin drove the diversification of ground-dweller spiders.
BMC Evol. Biol. 11, 317. https://doi.org/10.1186/1471-2148-11-317.

Bober, S., Glaubrecht, M., Hausdorf, B., Neiber, M.T., 2021. One, two or three?
Integrative species delimitation of short-range endemic Hemicycla species
(Gastropoda: Helicidae) from the Canary Islands based on morphology, barcoding,
AFLP and ddRADseq data. Mol. Phylogenet. Evol. 107153 https://doi.org/10.1016/
j.ympev.2021.107153.

Bouckaert, R., Heled, J., Kiithnert, D., Vaughan, T., Wu, C.-H., Xie, D., Suchard, M.A.,
Rambaut, A., Drummond, A.J., 2014. Beast 2: a software platform for Bayesian
evolutionary analysis. PLoS Comput. Biol. 10, €1003537 https://doi.org/10.1371/
journal.pcbi.1003537.

Bouaziz-Yahiatene, H., Inabnit, T., Medjdoub-Bensaad, F., Colomba, M.S., Sparacio, I.,
Gregorini, A., Liberto, F., Neubert, E., 2019. Revisited — the species of tweeting
vineyard snails, genus Cantareus Risso, 1826 (Stylommatophora, Helicidae,
Helicinae, Otalini). ZooKeys 876, 1-26. https://doi.org/10.3897/
zookeys.876.36472.

Bouaziz-Yahiatene, H., Pfarrer, B., Medjdoub-Bensaad, F., Neubert, E., 2017. Revision of
Massylaea Mollendorff, 1898 (Stylommatophora, Helicidae). ZooKeys 694, 109-133.
https://doi.org/10.3897 /zookeys.694.15001.

Bourrouilh, R., 1983. Estratigrafia, sedimentologia y tecténica de la isla de Menorca y del
noreste de Mallorca (Baleares). La terminacion nororiental de las cordilleras béticas
en el Mediterraneo occidental. Memoria del Instituto Geoldgico y Minero de Espana
99, 1-672.

Bover, P., Quintana, J., Alcover, J.A., 2008. Three islands, three worlds: paleogeography
and evolution of the vertebrate fauna from the Balearic Islands. Quat. Int. 182,
135-144. https://doi.org/10.1016/j.quaint.2007.06.039.

Brozzo, A., Harl, J., De Mattia, W., Teixeira, D., Walther, F., Groh, K., Pall-Gergely, B.,
Glaubrecht, M., Hausdorf, B., Neiber, M.T., 2020. Molecular phylogeny and trait
evolution of Madeiran land snails: radiation of the Geomitrini (Stylommatophora:
Helicoidea: Geomitridae). Cladistics 36, 594-616. https://doi.org/10.1111/
cla.12440.

Cadevall, J., Orozco, A., 2016. Caracoles y Babosas de la Peninsula Ibérica y Baleares.
Ediciones Omega, Barcelona.

Carine, M.A,, Russell, S.J., Santos-Guerra, A., Francisco-Ortega, J., 2004. Relationships of
the Macaronesian and Mediterranean floras: molecular evidence for multiple
colonizations into Macaronesia and back-colonization of the continent in Convolvulus
(Convolvulaceae). Am. J. Bot. 91, 1070-1085. https://doi.org/10.3732/
ajb.91.7.1070.

Caro, A., Neiber, M.T., Gémez-Moliner, B.J., Madeira, M.J., 2019. Molecular phylogeny
and biogeography of the land snail subfamily Leptaxinae (Gastropoda:
Hygromiidae). Mol. Phylogenet. Evol. 139, 106570 https://doi.org/10.1016/j.
ympev.2019.106570.

Castro, J.M., Yanes, Y., Alonso, M.R., Ibanez, M., 2012. Hemicycla (Hemicycla)
fuenterroquensis (Gastropoda: Helicoidea: Helicidae), a new species from La Palma.
Canary Islands Zootaxa 3527, 72-78. https://doi.org/10.11646/zootaxa.3527.1.6.


https://doi.org/10.1016/j.ympev.2021.107196
https://doi.org/10.1016/j.ympev.2021.107196
https://doi.org/10.1111/zsc.12134
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0015
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0015
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0015
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0020
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0020
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0020
https://doi.org/10.1111/j.1365-2699.2012.02721.x
https://doi.org/10.1111/j.1365-2699.2012.02721.x
https://doi.org/10.1093/mollus/54.3.287
https://doi.org/10.1093/mollus/54.3.287
https://doi.org/10.1111/j.1463-6409.2008.00351.x
https://doi.org/10.1111/j.1463-6409.2008.00351.x
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0045
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0045
https://doi.org/10.1186/1471-2148-11-317
https://doi.org/10.1016/j.ympev.2021.107153
https://doi.org/10.1016/j.ympev.2021.107153
https://doi.org/10.1371/journal.pcbi.1003537
https://doi.org/10.1371/journal.pcbi.1003537
https://doi.org/10.3897/zookeys.876.36472
https://doi.org/10.3897/zookeys.876.36472
https://doi.org/10.3897/zookeys.694.15001
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0075
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0075
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0075
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0075
https://doi.org/10.1016/j.quaint.2007.06.039
https://doi.org/10.1111/cla.12440
https://doi.org/10.1111/cla.12440
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0090
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0090
https://doi.org/10.3732/ajb.91.7.1070
https://doi.org/10.3732/ajb.91.7.1070
https://doi.org/10.1016/j.ympev.2019.106570
https://doi.org/10.1016/j.ympev.2019.106570
https://doi.org/10.11646/zootaxa.3527.1.6

M.T. Neiber et al.

Chiba, S., 1999. Accelerated evolution of land snails Mandarina in the oceanic Bonin
Islands: evidence from mitochondrial DNA sequences. Evolution 53, 460-471.
https://doi.org/10.2307/2640782.

Chueca, L.J., Forés, M., Gémez-Moliner, B.J., 2013. Consideraciones nomenclaturales
sobre las especies del género Allognathus (Gastropoda: Pulmonata: Helicidae) y
estudio anatémico de Allognathus hispanicus tanitianus. Iberus 31, 63-74.

Chueca, L.J., Gomez-Moliner, B.J., Forés, M., Madeira, M.J., 2017. Biogeography and
radiation of the land snail genus Xerocrassa (Geomitridae) in the Balearic Islands.
J. Biogeogr. 44, 760-772. https://doi.org/10.1111/jbi.12923.

Chueca, L.J., Madeira, M.J., Gémez-Moliner, B.J., 2015. Biogeography of the land snail
genus Allognathus (Helicidae): middle Miocene colonization of the Balearic Islands.
J. Biogeogr. 42, 1845-1857. https://doi.org/10.1111/jbi.12549.

Cockerell, T.D.A., 1921. The anatomy and relationships of Helix subplicata, Sowerby.
Proc. Malacological Soc. London 14, 191-195. https://doi.org/10.1093/
oxfordjournals.mollus.a063750.

Colomba, M.S., Gregorini, A., Liberto, F., Reitano, A., Giglio, S., Sparacio, 1., 2011.
Monographic revision of the endemic Helix mazzullii De Cristofori & Jan, 1832
complex from Sicily and re-introduction of the genus Erctella Monterosato, 1894
(Pulmonata, Stylommatophora, Helicidae). Zootaxa 3134, 1-42. https://doi.org/10.
11646/zootaxa.3194.1.5.

Colomba, M.S., Gregorini, A., Liberto, F., Reitano, A., Giglio, S., Sparacio, L., 2015. The
genus Erctella Monterosato, 1894: new molecular evidence (Pulmonata
Stylommatophora Helicidae). Biodiversity J. 6, 401-411.

Delicado, D., Machordom, A., Ramos, M., 2014. Vicariant versus dispersal processes in
the settlement of Pseudamnicola (Caenogastropoda, Hydrobiidae) in the
Mediterranean Balearic Islands. Zool. J. Linn. Soc. 171, 38-71. https://doi.org/
10.1111/z0j.12124.

De Mattia, W., Neiber, M.T., Groh, 2018. Revision of the genus-group Hystricella R. T.
Lowe, 1855 from Porto Santo (Madeira Archipelago), with descriptions of new
recent and fossil taxa (Gastropoda, Helicoidea, Geomitridae). ZooKeys 732, 1-125.
https://doi.org/10.3897/zookeys.732.21677.

Elejalde, M.A., Madeira, M.J., Arrébola, J.R., Munoz, B., Gomez-Moliner, B.J., 2008a.
Molecular phylogeny, taxonomy and evolution of the land snail genus Iberus
(Pulmonata: Helicidae). J. Zool. Syst. Evol. Res. 46, 193-202. https://doi.org/
10.1111/j.1439-0469.2008.00468.x.

Elejalde, M.A., Madeira, M.J., Mufioz, B., Arrébola, J.R., Gomez-Moliner, B.J., 2008b.
Mitochondrial DNA diversity and taxa delineation in the land snails of the Iberus
gualtieranus (Pulmonata, Helicidae) complex. Zool. J. Linn. Soc. 154, 722-737.
https://doi.org/10.1111/j.1096-3642.2008.00427 .x.

Elejalde, M.A., Munoz, B., Arrébola, J.R., Gémez-Moliner, B.J., 2005. Phylogenetic
relationships of Iberus gualtieranus and I. alonensis (Gastropoda: Helicidae) based on
partial mitochondrial 16S rRNA and COI gene sequences. J. Molluscan Stud. 71,
349-355. https://doi.org/10.1093/mollus/eyi046.

Esu, D., Kotsakis, T., 1983. Les vertébrés et les mollusques continentaux du Tertiare de la
Sardagigne: paléobiogéographie et biostratigraphie. Geologia Romana 22, 177-206.

Ezzine, LK., Dimassi, N., Pfarrer, B., Said, K., Neubert, E., 2018. New records of the
endemic Sicilian land snail species Marmorana (Murella) muralis (O. F. Miiller, 1774)
from the north of Tunisia (Pulmonata, Gastropoda). ZooKeys 775, 131-147. https://
doi.org/10.3897/zookeys.775.25740.

Fernandez-Palacios, J.M., de Nascimento, L., Otto, O., Delgado, J.D., Garcia-del-Rey, E.,
Arévalo, J.R., Whittaker, R.J., 2011. A reconstruction of Palaeo-Macaronesia, with
particular reference to the long-term biogeography of the Atlantic island laurel
forests. J. Biogeogr. 38, 226-246. https://doi.org/10.1111/j.1365-
2699.2010.02427 .x.

Fiorentino, V., Manganelli, G., Giusti, F., Ketmaier, V., 2016. Recent expansion and relic
survival: phylogeography of the land snail genus Helix (Mollusca, Gastropoda) from
south to north Europe. Mol. Phylogenet. Evol. 98, 358-372. https://doi.org/
10.1016/j.ympev.2016.02.017.

Folmer, O., Black, M., Hoeh, W., Lutz, R., Vrijenhoek, R., 1994. DNA primers for
amplification of mitochondrial cytochrome ¢ oxidase subunit I from diverse
metazoan invertebrates. Mol. Mar. Biol. Biotech, 3, 294-299.

Fontboté, J.M., Guimera, J., Roca, E., Sabat, F., Santanach, P., Fernandez-Ortigosa, F.,
1990. The Cenozoic geodynamic evolution of the Valencia Trough (Western
Mediterranean). Revista de la Sociedad Geoldgica de Espana 3, 249-259.

Forés, M., Vilella, M., 1993. Una nueva especie de Iberellus Hesse, 1908 (Pulmonata:
Helicidae) en la isla de Eivissa. Bolleti de la Societat d’Historia Natural de les Balears
36, 17-29.

Frombhage, L., Vences, M., Veith, M., 2004. Testing alternative vicariance scenarios in
Western Mediterranean discoglossid frogs. Mol. Phylogenet. Evol. 31, 308-322.
https://doi.org/10.1016/j.ympev.2003.07.009.

Garcia San Nicolds, E., 1957. Estudios sobre la biologia, la anatomia y la sistematica del
género Iberus Montfort, 1810. Boletin de la Sociedad Espanola de Historia Natural
(Biologia), 55, 199-390.

Garcia-Maroto, F., Manas-Fernandez, A., Garrido-Cardenas, J.A., Alonso, D.L., Guil-
Guerrero, J.L., Guzman, B., Vargas, P., 2009. Delta 6-desaturase sequence evidence
for explosive Pliocene radiations within the adaptive radiation of Macaronesian
Echium (Boraginaceae). Mol. Phylogenet. Evol. 52, 563-574. https://doi.org/
10.1016/j.ympev.2009.04.009.

Gasull, L., 1964. Algunos moluscos terrestres y de agua dulce de Baleares. Boletin de la
Sociedad de Historia Natural de Baleares 9, 3-80.

Gasull, L. (1975). Fauna malacoldgica terrestre del sudeste ibérico. Boletin de la
Sociedad de Historia Natural de Baleares, 20, 5-148, pls. 1-4.

Geldmacher, J., Hoernle, K., van den Bogaard, P., Duggen, S., Werner, R., 2005. New
“OAr/%9Ar age and geochemical data from seamounts in the Canary and Madeira
volcanic provinces: support for the mantle plume hypothesis. Earth Planet. Sci. Lett.
237, 85-101. https://doi.org/10.1016/].epsl.2005.04.037.

10

Molecular Phylogenetics and Evolution 162 (2021) 107196

Geldmacher, J., van den Bogaard, P., Hoernle, K., Schmincke, H.-U., 2000. The 40Ar/3%Ar
age dating of the Madeira Archipelago and hotspot track (eastern North Atlantic).
Geochem., Geophys., Geosyst. 1, 1008. https://doi.org/10.1029/1999GC000018.

Greve, C., Gimnich, F., Hutterer, R., Misof, B., Haase, M., 2012. Radiating on Oceanic
islands: patterns and processes of speciation in the land snail genus Theba (Risso
1826). PLoS ONE 7, €34339. https://doi.org/10.1371/annotation/5cfe7c14-9385-
427b-ac34-7e893af0cb8c.

Greve, C., Haase, M., Hutterer, R., Rodder, D., Ihlow, F., Misof, B., 2017. Snails in the
desert: species diversification of Theba (Gastropoda: Helicidae) along the Atlantic
coast of NW Africa. Ecol. Evol. 7, 5524-5538. https://doi.org/10.1002/ece3.3138.

Greve, C., Hutterer, R., Groh, K., Haase, M., Misof, B., 2010. Evolutionary diversification
of the genus Theba (Gastropoda: Helicidae) in space and time: a land snail
conquering islands and continents. Mol. Phylogenet. Evol. 57, 572-584. https://doi.
org/10.1016/j.ympev.2010.08.021.

Groh, K., 1985. Landschnecken aus quartaren Wirbeltierfundstellen der Kanarischen
Inseln (Gastropoda). Bonner zoologische Beitrage 36, 395-415.

Groh, K., Alonso, M.R., Ibanez, M., Henriquez, F., 1992. Rediscovery of Hemicycla saulcyi
(d’Orbigny, 1839), a revision of its fossil allies (Gastropoda: Helicidae), and a
description of a new species of Napaeus (Enidae), both from La Isleta, Gran Canaria,
Canary Islands. Schriften zur Malakozoologie 5, 1-12.

Groh, K., Hutterer, R., Voggenreiter, V., 1996. On the identity of Helix digna Mousson,
1872, and description of another extinct helicid from La Gomera, Canary Islands.
Basteria 59, 115-125.

Guiller, A., Madec, L., 2010. Historical biogeography of the land snail Cornu aspersum: a
new scenario inferred from haplotype distribution in the Western Mediterranean
basin. BMC Evol. Biol. 10, 18. https://doi.org/10.1186,/1471-2148-10-18.

Harris, D.J., Ferreira, A.F., de Frias Martins, A.M., 2013. High levels of mitochondrial
DNA diversity within oxychilid land snails (subgenus Drouetia Gude, 1911) from Sao
Miguel island, Azores. J. Molluscan Stud. 79, 177-182. https://doi.org/10.1093/
mollus/eyt009.

Harzhauser, M., Neubauer, T.A., Gross, M., Binder, H., 2014. The early middle Miocene
mollusc fauna of Lake Rein (Eastern Alps, Austria). Palaeontographica Abteilung A
302, 1-71. https://doi.org/10.1127/pala/302/2013/1.

Hausdorf, B., Bamberger, S., Walther, F., 2020. A Sicilian-Cretan biogeographical
disjunction in the land snail genus Cornu (Gastropoda: Helicidae). Zool. J. Linn. Soc.
https://doi.org/10.1093/zoolinnean/zlaalll.

Hemmen, J., Groh, K., 1984. Die Gattung Idomela stat. nov. auf Porto Santo (Pulmonata,
Helicidae). Courier Forschungsinstitut Senckenberg 71, 17-26.

Hesse, P. (1920). [No volume title.] In W. Kobelt (Ed.), Iconographie der Land- &
Siisswasser-Mollusken mit vorziiglicher Beriicksichtigung der européischen noch
nicht abgebildeten Arten von E. A. Rossméssler. Neue Folge (Vol. 23, pp. 1-262, pls.
631-660). Berlin, Wiesbaden: Kreidel.

Hesse, P., 1931. Zur Anatomie und Systematik palaearktischer Stylommatophoren.
Zoologica 31, 1-118, pls. 1-16.

Holtke, O., Rasser, M.W., 2016. The Palaeotachea complex (Gastropoda: Pulmonata) in
the Miocene of SW Germany: a morphometric approach. J. Conchology 42, 239-256.

Holyoak, D.T., Holyoak, G.A., Chueca, L.J., Gomez-Moliner, B.J., 2018. Evolution and
taxonomy of the populations of Eremina (Gastropoda, Pulmonata: Helicidae) in
Morocco. J. Conchology 43, 17-58.

Holyoak, D.T., Holyoak, G.A., Gomez-Moliner, B.J., Chueca, L.J., 2020. Phylogeny,
species-limits and taxonomic revision of Otalini (Helicidae) from north-west Africa.
J. Conchology 43, 551-611.

Husemann, M., Deppermann, J., Hochkirch, A., 2014. Multiple independent colonization
of the Canary Islands by the winged grasshopper genus Sphingonotus Fieber, 1852.
Mol. Phylogenet. Evol. 81, 174-181. https://doi.org/10.1016/j.ympev.2014.09.017.

Ibénez, M., Alonso, M.R., 2007. A tale of two snails: “Le Pouchet” from Adanson
(Mollusca, Gastropoda, Helicoidea, Helicidae). Zoosystema 29, 575-582.

Ibanez, M., Groh, K., Alonso, M.R., Cavero, E., 1988. Revision of the genus Hemicycla
Swainson, 1840 (Mollusca, Helicidae) from Tenerife: Adiverticula n. subgen. and
description of three new taxa. Bulletin du Muséum national d’Histoire naturelle,
Paris, Section A, Zoologie, Biologie et Ecologie Animales 4)10, 309-326.

Ibanez, M., Groh, K., Cavero, E., Alonso, M.R., 1987. Revision of the genus Hemicycla
Swainson 1840 on Tenerife: the group of Hemicycla plicaria (Lamarck 1816)
(Mollusca: Helicidae). Archiv fiir Molluskenkunde 118, 77-103.

Jodot, P., 1953a. Faune pliocene de gastéropodes terrestres et d’eau douce de 1I'Oued
Imassine (sud du Haut-Atlas marocain). Notes et Mémoires Service des Mines Maroc
117, 241-249, 1 pl.

Jodot, P., 1953b. Gastéropodes continentaux plaisanciens du bassin lacustre de Baza
(prov. de Grenade). Memorias y Comunicaciones del Instituto Geoldgico de la
Diputacion Provincial de Barcelona 10, 43-50.

Jodot, P., 1955. Les subdivisions du Pliocene dans le Nord de I’ Afrique (Algérie-Maroc)
d’apres les faunes de mollusques continentaux. Notes et Mémoires du Service
géologique du Maroc 126, 7-112, pls. 1-8.

Jodot, P., 1958. Les faunes des mollusques continentaux reparties dans le sud-est de
I’Espagne entre le Miocene supérieur et le Quaternaire. Memorias y Comunicaciones
del Instituto Geoldgico de Barcelona 17, 3-133.

Jolivet, L., Augier, R., Robin, C., Suc, J.-P., Rouchy, J., 2006. Lithospheric-scale
geodynamic context of the Messinian salinity crisis. Sed. Geol. 188-189, 9-33.
https://doi.org/10.1016/j.sedgeo.2006.02.004.

Katoh, K., Standley, D.M., 2013. MAFFT Multiple sequence alignment software version 7:
improvements in performance and usability. Mol. Biol. Evol. 30, 772-780. https://
doi.org/10.1093/molbev/mst010.

Ketmaier, V., Glaubrecht, M., 2015. The legacy of the crusaders: complex history of
colonization and anthropochory in the land snails Levantina (Gastropoda,
Pulmonata) in the Eastern Mediterranean. Zoosyst. Evol. 91, 81-89. https://doi.org/
10.3897/zse.91.4693.


https://doi.org/10.2307/2640782
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0115
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0115
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0115
https://doi.org/10.1111/jbi.12923
https://doi.org/10.1111/jbi.12549
https://doi.org/10.1093/oxfordjournals.mollus.a063750
https://doi.org/10.1093/oxfordjournals.mollus.a063750
https://doi.org/10.11646/zootaxa.3194.1.5
https://doi.org/10.11646/zootaxa.3194.1.5
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0140
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0140
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0140
https://doi.org/10.1111/zoj.12124
https://doi.org/10.1111/zoj.12124
https://doi.org/10.3897/zookeys.732.21677
https://doi.org/10.1111/j.1439-0469.2008.00468.x
https://doi.org/10.1111/j.1439-0469.2008.00468.x
https://doi.org/10.1111/j.1096-3642.2008.00427.x
https://doi.org/10.1093/mollus/eyi046
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0170
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0170
https://doi.org/10.3897/zookeys.775.25740
https://doi.org/10.3897/zookeys.775.25740
https://doi.org/10.1111/j.1365-2699.2010.02427.x
https://doi.org/10.1111/j.1365-2699.2010.02427.x
https://doi.org/10.1016/j.ympev.2016.02.017
https://doi.org/10.1016/j.ympev.2016.02.017
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0190
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0190
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0190
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0195
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0195
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0195
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0200
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0200
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0200
https://doi.org/10.1016/j.ympev.2003.07.009
https://doi.org/10.1016/j.ympev.2009.04.009
https://doi.org/10.1016/j.ympev.2009.04.009
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0220
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0220
https://doi.org/10.1016/j.epsl.2005.04.037
https://doi.org/10.1029/1999GC000018
https://doi.org/10.1371/annotation/5cfe7c14-9385-427b-ac34-7e893af0cb8c
https://doi.org/10.1371/annotation/5cfe7c14-9385-427b-ac34-7e893af0cb8c
https://doi.org/10.1002/ece3.3138
https://doi.org/10.1016/j.ympev.2010.08.021
https://doi.org/10.1016/j.ympev.2010.08.021
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0255
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0255
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0260
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0260
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0260
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0260
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0265
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0265
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0265
https://doi.org/10.1186/1471-2148-10-18
https://doi.org/10.1093/mollus/eyt009
https://doi.org/10.1093/mollus/eyt009
https://doi.org/10.1127/pala/302/2013/1
https://doi.org/10.1093/zoolinnean/zlaa111
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0290
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0290
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0300
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0300
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0305
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0305
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0310
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0310
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0310
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0315
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0315
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0315
https://doi.org/10.1016/j.ympev.2014.09.017
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0325
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0325
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0330
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0330
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0330
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0330
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0335
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0335
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0335
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0340
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0340
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0340
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0345
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0345
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0345
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0350
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0350
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0350
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0355
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0355
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0355
https://doi.org/10.1016/j.sedgeo.2006.02.004
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.3897/zse.91.4693
https://doi.org/10.3897/zse.91.4693

M.T. Neiber et al.

Kliigel, A., Walter, T.R., Schwarz, S., Geldmacher, J., 2005. Gravitational spreading
causes en-echelon diking along a rift zone of Madeira Archipelago: an experimental
approach and implications for magma transport. Bull. Volcanol. 68, 37-46. https://
doi.org/10.1007/500445-005-0418-6.

Kneubiihler, J., Hutterer, R., Pfarrer, B., Neubert, E., 2019. Anatomical and phylogenetic
investigations of the genera Alabastrina Kobelt, 1904, Siretia Pallary, 1926, and Otala
Schumacher, 1817 (Stylommatophora, Helicidae). ZooKeys 843, 1-37 https://dx.
doi.org/10.3897%2Fzookeys.843.32867.

Kordbek, O., Petrusek, A., Neubert, E., Jurickovd, L., 2015. Molecular phylogeny of the
genus Helix (Pulmonata: Helicidae). Zoolog. Scr. 44, 263-280. https://doi.org/
10.1111/zsc.12101.

Krijgsman, W., Hilgen, F.J., Raffi, I, Sierro, F.J., Wilson, D.S., 1999. Chronology, causes
and progression of the Messinian salinity crisis. Nature 400, 652-655. https://doi.
org/10.1038/23231.

Lalueza-Fox, C., Castresana, J., Sampietro, L., Marques-Bonet, T., Alcover, J.,
Bertranpetit, J., 2005. Molecular dating of caprines using ancient DNA sequences of
Myotragus balearicus, an extinct endemic Balearic mammal. BMC Evol. Biol. 5, 70.
https://doi.org/10.1186,/1471-2148-5-70.

Lamm, K.S., Redelings, B.D., 2009. Reconstructing ancestral ranges in historical
biogeography: properties and prospects. J. Syst. Evol. 47, 369-382. https://doi.org/
10.1111/j.1759-6831.2009.00042.x.

Lanfear, R., Frandsen, P.B., Wright, A.M., Senfeld, T., Calcott, B., 2017. PartitionFinder 2:
new methods for selecting partitioned models of evolution for molecular and
morphological phylogenetic analyses. Mol. Biol. Evol. 34, 772-773. https://doi.org/
10.1093/molbev/msw260.

Lawing, A.M., Matzke, N.J., 2014. Conservation paleobiology needs phylogenetic
methods. Ecography 37, 1109-1122. https://doi.org/10.1111/ecog.00783.

Lézaro, E., Harrath, A., Stocchino, G., Pala, M., Baguna, J., Riutort, M., 2011. Schmidtea
mediterranea phylogeography: an old species surviving on a few Mediterranean
islands? BMC Evol. Biol. 11, 274. https://doi.org/10.1186/1471-2148-11-274.

Liétor Gallego, J., 2014. Guia - Variabilidad intraespecifica de las conchas del género
Iberus Montfort, 1810 del sur de la Peninsula Ibérica. ConchBooks, Harxheim.

Mabille, J., 1884. Matériaux pour une faune malacologique des Iles Canaries. I. Nouvelles
Archives du Muséum d’Histoire naturelle 2) 7, 201-284, pls. 15-18.

Mabille, J., 1885. Matériaux pour une faune malacologique des Iles Canaries. II. Nouvelles
Archives du Muséum d’Histoire naturelle 2) 8, 17-182.

Machado, A., Rodriguez-Exposito, E., Lopez, L., Herndndez, M., 2017. Phylogenetic
analysis of the genus Laparocerus, with comments on colonisation and diversification
in Macaronesia (Coleoptera, Curculionidae, Entiminae). ZooKeys 651, 1-77. https://
doi.org/10.3897/zookeys.651.10097.

Magri, D., Fineschi, S., Bellarosa, R., Buonamici, A., Sebastiani, F., Schirone, B.,
Simeone, M.C., Vendramin, G., 2007. The distribution of Quercus suber chloroplast
haplotypes matches the palaeogeographical history of the western Mediterranean.
Mol. Ecol. 16, 5259-5266. https://doi.org/10.1111/j.1365-294x.2007.03587 .x.

Mandahl-Barth, G., 1950. Systematische Untersuchungen {iiber die Heliciden-Fauna von
Madeira. Abh. Senckb. Naturforsch. Ges. 469, 1-93, pls. 1-17.

Manganelli, G., Benocci, A., Capezzuoli, E., Guisti, F., 2005. Pseudotachea Boettger, 1909
(Gastropoda: Pulmonata, Helicidae) from the non-marine middle Pleistocene of the
Valdelsa Basin (Central Italy). Bollettino della Societa Paleontologica Italiana 44,
117-125.

Martinez-Orti, A., 1999. Sobre la ornamentacion de la concha de Pseudotachea splendida
(Draparnaud, 1801) (Mollusca Gastropoda: Helicidae). Malacologic@, 1, 1-3.

Matzke, N.J., 2013. Probabilistic historical biogeography: new models for founder-Event
speciation, imperfect detection, and fossils allow improved accuracy and model-
testing. Frontiers of Biogeography 5, 242-248. https://doi.org/10.21425/
F5FBG19694.

Matzke, N.J., 2014. Model selection in historical biogeography reveals that founder-
event speciation is a crucial process in island clades. Syst. Biol. 63, 951-970. https://
doi.org/10.1093/sysbio/syu056.

Mort, M.E., Soltis, D.E., Soltis, P.S., Francisco-Ortega, J., Santos-Guerra, A., 2002.
Phylogenetics and evolution of the Macaronesian clade of Crassulaceae inferred from
nuclear and chloroplast sequence data. Syst. Bot. 27, 271-288. https://doi.org/
10.1043/0363-6445-27.2.271.

Mousson, A., 1872. Revision de la faune malacologique des iles Canaries. Neue
Denkschriften der Allgemeinen Schweizerischen Gesellschaft fiir die Gesammten.
Naturwissenschaften 25, 1-176, pls. 1-6.

Neiber, M.T., 2017. On the status of Rossmaessleria scherzeri scherzeri (Zelebor in Pfeiffer
& Zelebor, 1867) (Gastropoda: Pulmonata: Helicidae). Zootaxa 4286, 116-120.
https://doi.org/10.11646/zootaxa.4286.1.7.

Neiber, M.T., Hausdorf, B., 2015. Molecular phylogeny reveals the polyphyly of the snail
genus Cepaea (Gastropoda: Helicidae). Mol. Phylogenet. Evol. 93, 143-149. https://
doi.org/10.1016/j.ympev.2015.07.022.

Neiber, M.T., Razkin, O., Hausdorf, B., 2017a. Molecular phylogeny and biogeography of
the land snail family Hygromiidae (Gastropoda: Helicoidea). Mol. Phylogenet. Evol.
111, 169-184. https://doi.org/10.1016/j.ympev.2017.04.002.

Neiber, M.T., Santana, J., Artiles, M., 2017b. On the verge of extinction but not yet gone:
rediscovery of Hemicycla modesta (Férussac, 1822) on Tenerife (Canary Islands).
Tentacle 25, 19-22.

Neiber, M.T., Vega-Luz, R., Vega-Luz, R., Koenemann, S., 2011. Hemicycla (Adiverticula)
diegoi (Gastropoda: Pulmonata: Helicidae), a new species from Tenerife, Canary
Islands, with a phylogenetic analysis of conchologically similar species in the genus
Hemicycla Swainson, 1840. Zootaxa 2757, 29-46. https://doi.org/10.11646/
zootaxa.2757.1.3.

Neubert, E., 2014. Revision of Helix (Linnaeus, 1758) in its eastern Mediterranean
distribution area, and reassignment of Helix godetiana (Kobelt, 1878) to Maltzanella

11

Molecular Phylogenetics and Evolution 162 (2021) 107196

(Hesse, 1917) (Gastropoda, Pulmonata, Helicidae). Contribution to Natural History
26, 1-200.

Neubert, E., Gosteli, M., 2003. The molluscan species described by Robert James
Shuttleworth. I. Gastropoda: Pulmonata. Contributions to Natural History 1, 1-123.

Neubert, E., Seddon, M. B., Allen, D. J., Arrébola, J., Backeljau, T., Balashov, I., Bank, R.,
Cameron, R., de Frias Martins, A. M., De Mattia, W., Dedov, 1., Duda, M., Falkner, G.,
Falkner, M., Fehér, Z., Gargominy, O., Georgiev, D., Giusti, F., Gomez Moliner, B. J.,
Groh, K., Ibanez, M., Kappes, H., Manganelli, G., Martinez-Orti, A., Nardi, G., Neiber,
M. T., Pall-Gergely, B., Parmakelis, A., Prié, V., Reischiitz, A., Reischiitz, P. L.,
Rowson, B., Riietschi, J., Slapnik, R., Son, M., Stamol, V., Teixeira, D., Triantis, K.,
Vardinoyannis, K., von Proschwitz, T. & Walther, F. (2019). European Red List of
Terrestrial Molluscs. Cambridge & Brussels: IUCN.

Nogales, M., Lopez, M., Jiménez-Asensio, J., Larruga, J.M., Hernandez, M., Gonzalez, P.,
1998. Evolution and biogeography of the genus Tarentola (Sauria: Gekkonidae) in
the Canary Islands, inferred from mitochondrial DNA sequences. J. Evol. Biol. 11,
481-494. https://doi.org/10.1046/.1420-9101.1998.11040481 .x.

Nordsieck, H., 1986. Das System der tertiaren Helicoidea Mittel - und Westeuropas
(Gastropoda: Stylommatophora). Heldia 1, 109-120, pls. 15-17.

Nordsieck, H., 2014. Annotated check-list of the genera of fossil land snails (Gastropoda:
Stylommatophora) of Western and Central Europe (Cretaceous-Pliocene), with
description of new taxa. Archiv fiir Molluskenkunde 143, 153-185. https://doi.org/
10.1127/arch.moll/143/2014/153-185.

Nordsieck, H., 2016. Three remarkable fossil Helicoidea (Gastropoda:
Stylommatophora). Archiv fiir Molluskenkunde 145, 125-132. https://doi.org/
10.1127/arch.moll/1869-0963/145/125-132.

Nordsieck, H., 2017. Fossil Helicoidea of Western and Central Europe. In: Nordsieck, H.
(Ed.), Pulmonata, Stylommatophora, Helicoidea: Systematics with Comments.
ConchBooks, Hackenheim, pp. 90-98.

Odhner, N.H., 1931. Beitrage zur Malakozoologie der Kanarischen Inseln.
Lamellibranchien, Cephalopoden, Gastropoden. Arkiv for Zoologi, 23A(14), 1-116,
pls. 1-2.

Odhner, N.H., 1937. Little-known land Mollusca from Madeira and La Palma (Canary
Islands). Proc. Malacological Soc. London, 22, 353-364, pls 18-20.

Pfeffer, G. (1930). Zur Kenntnis tertidrer Landschnecken. Geologische und
Paldontologische Abhandlungen. Neue Folge, 17, 153-380, 15-17 pls.

Pfenninger, M., Véla, E., Jesse, R., Elejalde, M., Liberto, F., Magnin, F., Martinez-Orti, A.,
2010. Temporal speciation pattern in the western Mediterranean genus Tudorella P.
Fischer, 1885 (Gastropoda, Pomatiidae) supports the Tyrrhenian vicariance
hypothesis. Mol. Phylogenet. Evol. 54, 427-436. https://doi.org/10.1016/j.
ympev.2009.09.024.

Psonis, N., Vardinoyannis, K., Mylonas, M., Poulakakis, N., 2014. Evaluation of the
taxonomy of Helix cincta (Muller, 1774) and Helix nucula (Mousson, 1854); insights
using mitochondrial DNA sequence data. J. Nat. Hist. 49, 383-392. https://doi.org/
10.1080/00222933.2013.825023.

Puente Martinez, A.L, 1994. Estudio taxonémico y biogeografico de la superfamilia
Helicoidea Rafinesque, 1815 (Gastropoda: Pulmonata: Stylommatophora) de la
Peninsula Ibérica e Islas Baleares. Leioa: Doctoral thesis, University of the Basque
Country.

Quintana, J., Agusti, J., 2007. Los mamiferos insulares del Mioceno medio y superior de
Menorca (Islas Baleares, Mediterraneo occidental). Geobios 40, 677-687. https://
doi.org/10.1016/j.geobios.2006.11.007.

Quintana Cardona, J., Pons, G.X., Santana Benitez, J., 2015. Reconciling the molecular
clock and biogeography: an alternative view of the divergence process between
Allognathus Pilsbry, 1888 and Hemicycla Swainson, 1840 (Pulmonata Helicidae).
Biodiversity J. 6, 851-854.

R Core Team, 2020. R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna.

Rambaut, A., Drummond, A.J., Xie, D., Baele, G., Suchard, M.A., 2018. Posterior
summarisation in Bayesian phylogenetics using Tracer 1.7. Syst. Biol. 67, 901-904.
https://doi.org/10.1093/sysbio/syy032.

Razkin, O., Gémez-Moliner, B.J., Prieto, C.E., Martinez-Orti, A., Arrébola, J.R.,

Munoz, B., Chueca, L.J., Madeira, M.J., 2015. Molecular phylogeny of the western
Palaearctic Helicoidea (Gastropoda, Stylommatophora). Mol. Phylogenet. Evol. 83,
99-117. https://doi.org/10.1016/j.ympev.2014.11.014.

Ree, R.H., Moore, B.R., Webb, C.0., Donoghue, M.J., 2005. A likelihood framework for
inferring the evolution of geographic range on phylogenetic trees. Evolution 59,
2299-2311. https://doi.org/10.1111/j.0014-3820.2005.tb00940.x.

Ree, R.H., Sanmartin, I., 2018. Conceptual and statistical problems with the DEC+J
model of founder-event speciation and its comparison with DEC via model selection.
J. Biogeogr. 45, 741-749.

Ree, R., Smith, S., 2008. Maximum likelihood inference of geographic range evolution by
dispersal, local extinction, and cladogenesis. Syst. Biol. 57, 4-14. https://doi.org/
10.1111/jbi.13173.

Revell, L.J., 2012. Phytools: an R package for phylogenetic comparative biology (and
other things). Methods Ecol. Evol. 3, 217-223. http://www.respond2articles.com/
MEE/.

Riba, O., 1981. Aspectes de la geologia marina de la conca mediterrania balear durant el
Neogen. Memories de la Real Academia de Ciencies i Arts de Barcelona 805, 1-116.

Roca, E., 1996. La evolucién geodinamica de la Cuenca Catalano-Balear y dreas
adyacentes desde el Mesozoico hasta la actualidad. Acta Geoldgica Hispdnica 29,
3-25.

Ronquist, F., Sanmartin, I., 2011. Phylogenetic methods in historical biogeography. Ann.
Rev. Ecol., Evol. Syst. 42, 441-464. https://doi.org/10.1146/annurev-ecolsys-
102209-144710.

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Hohna, S.,
Larget, B., Liu, L., Suchard, M.A., Huelsenbeck, J.P., 2012. MrBayes 3.2: efficient


https://doi.org/10.1007/s00445-005-0418-6
https://doi.org/10.1007/s00445-005-0418-6
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0380
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0380
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0380
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0380
https://doi.org/10.1111/zsc.12101
https://doi.org/10.1111/zsc.12101
https://doi.org/10.1038/23231
https://doi.org/10.1038/23231
https://doi.org/10.1186/1471-2148-5-70
https://doi.org/10.1111/j.1759-6831.2009.00042.x
https://doi.org/10.1111/j.1759-6831.2009.00042.x
https://doi.org/10.1093/molbev/msw260
https://doi.org/10.1093/molbev/msw260
https://doi.org/10.1111/ecog.00783
https://doi.org/10.1186/1471-2148-11-274
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0420
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0420
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0425
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0425
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0430
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0430
https://doi.org/10.3897/zookeys.651.10097
https://doi.org/10.3897/zookeys.651.10097
https://doi.org/10.1111/j.1365-294x.2007.03587.x
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0445
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0445
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0450
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0450
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0450
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0450
https://doi.org/10.21425/F5FBG19694
https://doi.org/10.21425/F5FBG19694
https://doi.org/10.1093/sysbio/syu056
https://doi.org/10.1093/sysbio/syu056
https://doi.org/10.1043/0363-6445-27.2.271
https://doi.org/10.1043/0363-6445-27.2.271
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0475
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0475
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0475
https://doi.org/10.11646/zootaxa.4286.1.7
https://doi.org/10.1016/j.ympev.2015.07.022
https://doi.org/10.1016/j.ympev.2015.07.022
https://doi.org/10.1016/j.ympev.2017.04.002
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0495
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0495
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0495
https://doi.org/10.11646/zootaxa.2757.1.3
https://doi.org/10.11646/zootaxa.2757.1.3
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0505
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0505
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0505
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0505
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0510
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0510
https://doi.org/10.1046/j.1420-9101.1998.11040481.x
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0525
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0525
https://doi.org/10.1127/arch.moll/143/2014/153-185
https://doi.org/10.1127/arch.moll/143/2014/153-185
https://doi.org/10.1127/arch.moll/1869-0963/145/125-132
https://doi.org/10.1127/arch.moll/1869-0963/145/125-132
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0540
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0540
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0540
https://doi.org/10.1016/j.ympev.2009.09.024
https://doi.org/10.1016/j.ympev.2009.09.024
https://doi.org/10.1080/00222933.2013.825023
https://doi.org/10.1080/00222933.2013.825023
https://doi.org/10.1016/j.geobios.2006.11.007
https://doi.org/10.1016/j.geobios.2006.11.007
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0580
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0580
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0580
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0580
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0585
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0585
https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1016/j.ympev.2014.11.014
https://doi.org/10.1111/j.0014-3820.2005.tb00940.x
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0605
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0605
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0605
https://doi.org/10.1111/jbi.13173
https://doi.org/10.1111/jbi.13173
http://www.respond2articles.com/MEE/
http://www.respond2articles.com/MEE/
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0620
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0620
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0625
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0625
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0625
https://doi.org/10.1146/annurev-ecolsys-102209-144710
https://doi.org/10.1146/annurev-ecolsys-102209-144710

M.T. Neiber et al.

Bayesian phylogenetic inference and model choice across a large model space. Syst.
Biol. 61, 539-542. https://doi.org/10.1093/sysbio/sys029.

Rosenbaum, G., Lister, G.S., Duboz, C., 2002. Reconstruction of the tectonic evolution of
the Western Mediterranean since the Oligocene. J. Virtual Explorer 8, 107-130.
https://doi.org/10.3809/jvirtex.2002.00053.

Salvador, R.B., Holtke, O., Rasser, M.W., Kadolsky, D., 2016. Annotated type catalogue of
the continental fossil gastropods in the Staatliches Museum fiir Naturkunde
Stuttgart, Germany. Palaeodiversity 9, 15-70. https://doi.org/10.18476/pale.v9.a3.

Sanmartin, I., Meseguer, A.S., 2016. Extinction in phylogenetics and biogeography: from
timetrees to patterns of biotic assemblage. Front. Genet. 7, 35 https://dx.doi.org/
10.3389%2Ffgene.2016.00035.

Sattmann, H., 1992. Bemerkenswerte Heliciden-Funde aus Tunesien (Gastropoda:
Helicidae). Annalen des Naturhistorischen Museums in Wien, 93B, 239-242, pls.
1-2.

Scheel, B.M., Hausdorf, B., 2012. Survival and differentiation of subspecies of the land
snail Charpentieria itala in mountain refuges in the Southern Alps. Mol. Ecol. 21,
3794-3808. https://doi.org/10.1111/j.1365-294X.2012.05649.x.

Schileyko, A.A., 2006. Treatise on Recent terrestrial pulmonate molluscs. Part 13.
Helicidae, Pleurodontidae, Polygyridae, Ammonitellidae, Oreohelicidae,
Thysanophoridae. Ruthenica, Supplement 2, 1765-1906.

Schlickum, W.R., Strauch, F., 1971. Die neue Helicidengattung Frechenia aus dem
westeuropaischen Pliozan. Archiv fiir Molluskenkunde 101, 145-157, pls. 8-9.

Seddon, M.B., 2008. The landsnails of Madeira. An illustrated compendium of the
landsnails and slugs of the Madeiran Archipelago. Biotir 2 i-viii, 1-196.

Sherpa, S., Ansart, A., Madec, L., Martin, M.-C., Dréano, S., Guiller, A., 2018. Refining the
biogeographical scenario of the land snail Cornu aspersum aspersum: Natural spatial
expansion and human-mediated dispersal in the Mediterranean basin. Mol.
Phylogenet. Evol. 120, 218-232. https://doi.org/10.1016/j.ympev.2017.12.018.

Sokolov, E.P., 2000. An improved method for DNA isolation from mucopolysaccharide-
rich molluscan tissues. J. Molluscan Stud. 66, 573-575. https://doi.org/10.1093/
mollus/66.4.573.

Swofford, D.L., 2002. Paup*. Phylogenetic analysis using parsimony *and other methods.
Version 4.0b10. Sunderland, MA: Sinauer Associates.

Stiiben, P.E., Astrin, J.J., 2010. Molecular phylogeny in endemic weevils: revision of the
genera of Macaronesian Cryptorhynchinae (Coleoptera: Curculionidae). Zool. J.
Linn. Soc. 160, 40-87. https://doi.org/10.1111/j.1096-3642.2009.00609.x.

12

Molecular Phylogenetics and Evolution 162 (2021) 107196

Sukumaran, J., Holder, M.T., 2010. DendroPy: a Python library for phylogenetic
computing. Bioinformatics 26, 1569-1571. https://doi.org/10.1093/
bioinformatics/btq228.

Teasdale, L.C., 2017. Phylogenomics of the pulmonate land snails. Melbourne: PhD
thesis. University of Melbourne.

Truc, G., 1971. Heliceae (Gasteropoda) du Néogene du bassin Rhodanien (France).
Geobios 4, 273-327, pls. 15-18.

Van Riel, P., Jordaens, K., Verhagen, R., Frias Martins, A.M., Backeljau, T., 2003. Genetic
differentiation reflects geological history in the Azorean land snail, Leptaxis azorica.
Heredity 91, 239-247. https://doi.org/10.1038/sj.hdy.6800304.

Vega-Luz, R., Vega-Luz, R., 2008. A new Hemicycla (Gastropoda: Helicidae) from Canary
Islands. Malacologia Mostra Mondiale 61, 24-26.

Verbinnen, G., Swinnen, F., 2014. A new Hemicycla (Gastropoda: Helicoidea: Helicidae)
from La Gomera, Canary Islands. Gloria Maris 53, 70-79.

Vitales, D., Garnatje, T., Pellicer, J., Valles, J., Santos-Guerra, A., Sanmartin, S., 2014.
The explosive radiation of Cheirolophus (Asteraceae, Cardueae) in Macaronesia. BMC
Evol. Biol. 14, 118. https://doi.org/10.1186/1471-2148-14-118.

Wade, C.M., Mordan, P.B., 2000. Evolution within the gastropod molluscs; using the
ribosomal RNA gene-cluster as an indicator of phylogenetic relationships.

J. Molluscan Stud. 66, 565-570. https://doi.org/10.1093/mollus/66.4.565.

Walther, F., Neiber, M.T., Hausdorf, B., 2016. Species complex or complex species?
Integrative taxonomy of the land snail genus Rossmaessleria (Gastropoda, Helicidae)
from Morocco and Gibraltar. Syst. Biodivers. 14, 394-416. https://doi.org/10.1080/
14772000.2016.1150905.

Welter-Schultes, F.W., 2012. European non-marine molluscs, a guide for species
identification. Planet Poster Editions, Gottingen.

Wenz, W., 1923. Gastropoda extramarina tertiaria. II. In: C. Diener (Ed.), Fossilium
Catalogus. I: Animalia 18 (pp. 353-736). Berlin: Junk.

Wollaston, T.V., 1878. Testacea Atlantica or the land and freshwater shells of the Azores,
Madeiras, Salvages, Canaries, Cape Verdes, and Saint Helena. Reeve, London.
Yanes, Y., Martin, J., Artiles, M., Moro, L., Alonso, M.R., Ibanez, M., 2009. Rediscovery
and redescription of an almost unkown Hemicycla species (Gastropoda, Pulmonata,

Helicidae): H. eurythyra O. Boettger 1908 from Tenerife, Canary Islands.
J. Conchology 40, 31-35.

Zwickl, D.J., 2006. Genetic algorithm approaches for the phylogenetic analysis of large
biological sequence datasets under the maximum likelihood criterion. Austin, TX. PhD
thesis. University of Texas at Austin.


https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.3809/jvirtex.2002.00053
https://doi.org/10.18476/pale.v9.a3
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0650
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0650
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0650
https://doi.org/10.1111/j.1365-294X.2012.05649.x
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0665
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0665
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0665
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0670
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0670
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0675
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0675
https://doi.org/10.1016/j.ympev.2017.12.018
https://doi.org/10.1093/mollus/66.4.573
https://doi.org/10.1093/mollus/66.4.573
https://doi.org/10.1111/j.1096-3642.2009.00609.x
https://doi.org/10.1093/bioinformatics/btq228
https://doi.org/10.1093/bioinformatics/btq228
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0705
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0705
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0710
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0710
https://doi.org/10.1038/sj.hdy.6800304
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0720
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0720
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0725
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0725
https://doi.org/10.1186/1471-2148-14-118
https://doi.org/10.1093/mollus/66.4.565
https://doi.org/10.1080/14772000.2016.1150905
https://doi.org/10.1080/14772000.2016.1150905
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0745
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0745
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0755
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0755
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0760
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0760
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0760
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0760
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0765
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0765
http://refhub.elsevier.com/S1055-7903(21)00129-9/h0765

	Incorporating palaeogeography into ancestral area estimation can explain the disjunct distribution of land snails in Macaro ...
	1 Introduction
	2 Material and methods
	2.1 Taxon sampling
	2.2 DNA extraction, amplification and sequencing
	2.3 Sequence alignment and phylogenetic analyses
	2.4 Inference of divergence times
	2.5 Ancestral range estimation

	3 Results
	3.1 Phylogenetic analyses
	3.2 Estimation of divergence times
	3.3 Ancestral range estimation

	4 Discussion
	4.1 Systematic implications
	4.2 Historical biogeography and diversification of Allognathini

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


